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(57) Abstract: The present invention relates to a detect-
ing device (1) for detecting contaminant and/or composi-
tion chemical agents, particularly in an environmental li-
quid, a food or a biologic fluid, comprising: - a housing
(2), - at least one material (MSI, MS2) responsive to at
least one contaminant and/or composition chemical agent,
- supporting means (3) for supporting said at least one
material, - a detection unit (8) for detecting said contam-
inant and/or composition chemical agent through changes
in optical and/or electrical properties of said material, - at
least a light source or emitter (4) for emitting one or more
luminous radiation on said responsive material, - an op-
tical receiver (5) for receiving the light radiation reflected
from said material and/or emitted by it, and - a pair of
electrodes (6, 7; 6', 7'), each of which has one end in con-
tact with said material, and the other end electrically con-
nected to said detection unit (8).
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CHEMICAL- PHYSICAL SENSING DEVICE FOR CHEMICAL - TOXICOLOGICAL
DIAGNOSTICS IN REAL MATRICES

The present invention relates to a detection sensing device, in
the following also indicated as SNOOP, to detect contaminant chemical
agents and/or composition chemical agents in real matrices, such as
environmental liquids, foodstuffs or human or animal biological fluids.

More specifically, the invention relates to the structure of a
device of the above kind that allows the identification of contaminant
chemical agents, such as xenobiotics and agro-zootechnical residuals,
and/or composition agents, as well as allows to define their amount by
changes of optical and/or electrical properties of a material responsive to
said chemical agents, and/or electrochemical properties of contaminant
chemical agents and/or composition chemical agents of the real matrix to
be examinated.

At present, environmental politics of different industrialized
countries aims to promote eco-friendly chemical processes (the so called
“‘Green Chemistry”), in order to reduce antropic pollution. However
contamination of environment and of environment — alimentary production
interface, due to the continuous and heavy admission of chemical agents,
of old and new synthesis, remains one of the environmental and food
emergency still existing.

In order to check degree and danger of contamination and/or
composition changes of real matrices, many devices, and analytical
methods thereof, have been developed for diagnhostics and monitoring of
said contaminant and/or composition chemical agents.

Most of traditional devices for identifying and quantifying
contaminant and/or composition chemical agents are devices which are
used in a laboratory. However, said traditional devices have some
drawbacks.

A first drawback is that, for detection of said chemical and/or
composition agents it is necessary to be present at the site where the
presence of chemical agents is to be detected, to take a sample and to
bring said sample to a laboratory for its analysis, thus wasting time, also in
view of possible corrective actions. ' ‘

Another drawback is that said devices do not permit an in situ
monitoring of said agents or substances. -
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A further drawback is due to the fact that cumbersome and/or
expensive analytical methods are used to analyze said sample.

Devices are also known for detection of chemical agents that
can be used in situ. | | ‘

However, also said devices have some drawbacks.

A drawback is that each device can detect a single contaminant
chemical agent, or composition chemical agent, or, when more than one
agent is detected by a plurality of devices, it is not provided an automatic
processing of obtained data taken as a whole.

A further drawback is that they usually are bulky, and thus they
cannot be easily transported or handled.

Still another drawback is that chemical-physical interferences
are possible due to presénce of many and different types of chemical
agents in real matrices, this being even worse for contaminant agents due
to their level of concentration, generally being at very low level of
concentration. '

- Therefore, it is high the need of providing devices that can
detect in real time the présence of contaminant and/or composition
chemical agents, taking into ’considération possible interferences deriving
from the complexity of the real matrix to be examinated, so that necessary
precautions can be timely taken and/or introducing corrective actions for
preserving human health. _

Object of the present invention is that of overcoming said
drawbacks, by providing a sensing device, also indicated as SNOOP,
which allowa to detect in an unambiguous way the presence of one or
more contaminant and/or composition chemical agents in a real matrix,
such as an environmental liquid, a food or a biological fluid, to be used in
situ, said device operating in real time and with reduced costs, and at the
same time preventing possible interferences by other contaminant and/or
composition chemical agents, usually present in the same real matrix.
These results have been obtained by providing a detecting device which
detecs the presence of said contaminant and/or composition chemical
agents by the changes of‘optical properties, such as luminescence or
reflectance, and/or of electrical properties of at least a material responsive
to one or more of said contaminant and/or composition chemical agents,
said material being provided within said device, by a comparison and/or a
combination of comparisons between data received and processed by
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said device and stored data, fh_e latter being obtained by laboratory
simulated tests. o ,

It is therefore specific object of the present invention a detecting
device for detecting contaminant and/or chemical agents in a real matrix,
particularly in an environmental liquid, a food or a biologic fluid, said
device comprising:

- a housing .

- at least one material responsive to at least one contaminant
and/or composition chemical agent present in said real matrix, ,

- supporting means for supporting said at least one material,

- a detection unit for detecting said contaminant and/or
chemical agent by the changes in optical and/or electrical properties of
said material. ’

Said device further comprises, for each material responsive to
at least one contaminant and/or composition chemical agent:

- at least one light source or emitter for emitting one or more
luminous radiation on said responsive material, said light source being
connected to said detection unit, o

- an optical receiver for receiving the light radiation reflected
from said material and/or emitted. by it, said optical receiver being
connected to said detectlon unit and transmitting to it one or more signals
containing information on the optical properties of said material,

- a pair of electrodes, each of which has one end in contact with
said material, and the other end electrically connected to said detection
unit, said detection unit applying, through said electrodes, a potential
difference on said responsive material so that the latter generates one or
more response signals containing information on its electrical properties.

Particularly, said luminous radiations are emitted in sequence
by said light source, and each luminous radiation has a respective
predetermined wavelength; and said detection unit comprising a database,
within which they are stored:

- a plurality of predetermined responsive materials;

- a plurality of optical spectra associated to each one of said
predetermined responsive materials, obtained in absence and in presence
of a predetermined potential difference applied to each one of them, each
optical spectrum being associated to the interaction with one or more
predetermined contaminant and/or composition chemical agents,
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- a plurality of changes of electrical propenies associated with
each one of said predetermined responsive materials, each change of the
electrical property being associated with interaction with one or more
predetermined contaminant and/or composition chemical agents.

The detection unit is configured to receive signals containing
information about thé optical properties of said responsivé material, and/or
signals containing information about the electrical properties of the same
responsive material, to obtain the optical spectra of each responsive
material, in the presence or the absence of a potential difference applied
by said detection unit, starting from luminous radiations received from said
optical receiver, and to carry out a first comparison between each optical
spectrum of said contaminant and/or composition chemical agent and the
respective stored optical spectrum, and/or to carry out a second
comparison between the changes of electrical properties of each
responsive material and the changes of electrical properties of each
responsive material stored within said database, so that from one of said
comparisons or from a chbinat’ion‘ of said- comparisons one or more
contaminant and/or cdmposition chemical agents in said real matrix is/are
indentified. -

~ According to the invention, said device can comprise a further
pair of electrodes, spaced each other, each one of them having a first end
fixed to said housing, and electrically connected with said detection unit,
and a plurality of predetermined tension-current curves can be stored
within the database of the detection unit, each one associated with at least
a predetermined contaminant and/or compositioh chemical agent. Said
detection unit can be configured to apply one or more predetermined
potential differences, constant and/or variable, to said further pair of
electrodes, to measure a respective received electric current signal, and to
carry out a third comparison between the tension-current curve obtained
and the predetermined tension-cdrrént curves, so that, electrochemical
features of said contaminant and/or composition  chemical agents are
identified from said third comparison, and so that possible identification
ambiguities are eliminated from the combination of said first and second
comparison, and said contaminant and/or composition chemical agents
are quantified. o

It is preferred that device comprises a plurality of light sources
and that detection unit can activate, in sequence, a light source at a time.
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Particularly, the radiation emitted by a light source can have a
greater wavelength .up to a maximum of 50nm with respect to the
wavelength of light radiation emitted by a light source activated before by
detection unit. -

Still according to the invention, it is possible to provide that at
least a light source comprises supporting means and a plurality of light
emission diodes or LEDs arranged on said support means, and that said
detection unit activates, in sequence, a light source at a time.

Particularly, said s_upporting means can comprise.a rotating
base, and said LEDs can be arranged close to the edge of said rotating
base.

According to the invention, the detection device can comprise a
plurality of materials responsive to at least one contaminant and/or
composition chemical- agent that can be arranged on one or more
supporting means. In this specific case, for each responsive material it is
provided a respective pair comprised: of a'light source and an optical
receiver, which'is optically decoupled from the other pairs by opaque and
non-conductive separation means, and it is provided a respective pair of
electrodes which is electrically decoupled from the other electrode pairs by
an electrical insulation. - '

Advantageously, said detection unit can comprise a memory for
storing optical and/or electrical properties of responsive materials and/or
electrochemical properties.of matrix to be examinated, in absence and/or
in presence of at least one _contaminant and/or composition chemical
agent. ‘ ‘ '

Preferably, said supporting means can be removably fixed to
the inner surface of the device by engaging/disengaging means, and
detection device can comprise, for each light source and for each optical
receiver, respective adjusting' means for adjusting the position and
orientation of said source light and said optical receiver with respect to the
material; said adjusting means being controlied by said detection unit.

Furthermore it ' is . preferred that said device comprises
displaying means for displaying the results of the processing of said
detection unit. ‘

According to the invention, said detection unit can be connected
to a computer for remote monitoring -of said real matrix, and/or the for
setting one or more parameters of said detection unit and/or for storing of
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information concerning optical and/or electrical properties of the material in
absence and presence of at least one contaminant chemical agent.

Partlcularly, each matenal can be a synthetic organic material,
such as an organic material belongmg to the class of tetrapyrrolic
macrocycles or a material for OLED, or a material for LED, or a biological
system, and said supporting means are made up of Teflon® or glass or
quartz or any other inert material. | \

Still according to the invention, the detection device can

comprise a filter element for separating suspendéd solid particles and/or
substances dissolved in said real matrix, said filter element being fixed on
said device so as to be arranged between said real matrix, outside said
detection device and with which it is in contact, and said supporting
means. Particularly, said filter element can be comprised of cellulose
acetate or Teflon®, or it is made up of polyether sulfone, or it is made up
of any other material with selective permeablllty Said filter element can be
a membrane. ‘
Furthermore, according; to the invention, said device can be
provided with an opening or hole and a removable closing element for said
opening, so as to allow a passage of air on the outside of the device in
order to facilitate, inside of said device, the crossing of the filter element by
a fluid containing the contaminant and/or composition chemical agent.

Advantageously, the device can further . comprise acoustic
and/or visual means for emitting acoustic and/or visual alarms when the
value of the concentration of a composition and/or contaminant chemical
agent exceeds a predetermined threshold.

The present invention will be now described, for illustrative, but
not limitative, purposes, according to its embodiments, making particular
reference to the enclosed drawings, wherein:

figure 1 'schemafically shows a section view of a first
embodiment of the device for ‘detecting contaminant chemical agents in a
real matrix according to the invention;

figure 2 schematically shows a section view of a second
embodiment of the device for detecting contaminant chemical agents in a
real matrix according to the invention.

Making particular reference to figure 1, in the first embodiment
described, it is provided a device 1 for detecting contaminating chemical
agents present in environment, foodstuffs or in biological fluids.
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In the example described, the device 1 is used for detecting at
least one contaminant chemical agent in a real matrix which is a fluid A.
AdvantageoLlsly, the same device can be used for detecting one or more
composition chemical agents, in combination or in alternative with said at
least one contaminating chemical agent, in the same real matrix, or in
another real matrix, without departing from the invention.

Said device 1 comprises a housing 2, within which the followmg
elements are provided: .

- a material MS1 responsive to at least one contaminant
chemical agent present in said fluid A, provided on supporting means 3,

- a detection unit 8 for detecting said contaminant chemical
agent through changes in optical and/or electrlcal properties of said
material MS1, :

- a light source or emitter 4 for emitting one or more luminous
radiation on said responsive material MS1, connected to said detection
unit 8, -

- an optical receiver 5 for receiving the light radiation reflected
from said material MS1 and/or emitted by the material MS1 itself, for effect
of the luminous radiation incident on the same (e.g. by fluorescence), said
optical receiver being connected to said detection unit 8 and transmitting
to it one or more signals contalnlng mformatlon on the optical properties of
said material MS1, -

- two electrodes 6, 7, each of which is provided with an
electrically insulated outer surface, and has one end in contact with said
material MS1, and the other end ‘electrically connected to said detection
unit 8 by a respective electric cable 6A, 7A, ;

- two further electrodes 66, 77, spaced from each other, each
one of which has a first end fixed to said housing 2, and a free second end
faced within said device, and is electncally connected with said detection
unit 8.

Particularly, the light source 4 is a discontinue light source,
since each emitted luminous radiation has a predetermined wavelength.

According to the invention, said light source 4 comprises a
rotating base having a circular section and a plurality of I|ght emission
diodes or LEDs 42 close to the edge of said rotating base.
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Said LEDs are activated in sequence by the detection unit 8 so
that the responsive material MS1 is hit by a plurality of luminous radiations
in succession, each one having a respective predetermined wavelength.

It is preferred that ‘the radiation emitted by a LED has a
wavelength which is, at most, 50nm distant from the wavelength of
luminous radiation emitted by a LED previously activated.

The device is further ‘provided with switching on/off means 18
for swntchlng on/off said device 1 suitable to activate said detection unit 8,
said light source 4 and said optical receiver 5, as well as supply means 21
to supply said device.

The detection unit 8 applies a predetermined potential
difference to said electrodes 6, 7, by electrical cables 6A, 7A, so that
material MS1 responsive to at least a contaminant chemical agent
generates one or more response signals containing information about its
electrical properties and that detection unit 8 receives and processes said
response signals. Processing of said signals allows to detect the
contaminant chemical agent by changes of electrical properties of the
material MS1. , S

On one side, to detect changes of optical properties of the
responsive material MS1, the ‘detection unit 8 receives and processes
signals sent to itself by the optical receiver 5. Processing of said signals
allows to detect the contaminant chemical agent by the changes of optical
properties of the material MS1. According to the invention, said detection
unit 8 further comprises a database 22 within which the following data are
stored: a plurality of predetermined responsive materials, a plurality of
optical spectra, each of which is associated with a preselected responsive
material, obtained in absence and in presence of a predetermined
potential difference applied to each one of them, a plurality of changes of
electrical properties associated with each one of said predetermined
responsive materials, wherein each change of electrical property is
associated with the presence of one or more predetermined contaminant
chemical agents, as well as a plurality of predetermined tension-current
curves, each one associated wnth at least one contaminant chemical
agent. v

In the described embodiment, said detection unit is configured
to receive signals containing information about optical properties of said
responsive material ‘MS1, ‘and - signals :containing information about
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electrical properties of the same responsive material, to obtain optical
spectra of each responsive material MS1, in presénce or absence of a
potential différence applied by said detection unit 8, starting from luminous
radiations received from said optical receiver 5. ‘

Furthermore, said detection unit 8 is configured to process
received signals, to cérry out a first comparison between each optical
spectrum of said contaminant chemical agent to be detected and the
respective optical spectrum stored within said database 22, and/or to carry
out a second comparison between changes of electrical properties of each
responsive material MS1 and changes of electrical properties of each
responsive material stored within said database 22, so that from the
combination of said comparisons one or more contaminant agents in the
fluid A is/are indentified, as well as, after having applied one or more
predetermined potential differences on said two further electrodes 66, 77,
to measure a respective received electric current signal, and to carry out a
third comparison between ' tension-current curve obtained and the
predetermined tension-current curves stored in the database 22, so that,
electrochemical features of said contaminant chemical agents are
identified. o | |

In other words, according to the invention, the detection unit 8 is

. suitable to detect the presence of a contaminant chemical agent on the
basis of optical and electrical properties of material MS1 arranged on the
supporting means 3 by 'proCeésing signals sent respectively by said optical -
receiver 5 and by the material MS1 through electrodes, when a potential
difference is applied to said electrodes, and to identify electrochemical
features of said contaminant chemical agent by said tension-current
curves. h -

By comparison between optical and electrical properties of
material MS1 measured in ‘the‘ absence of a contaminant chemical agent
and those in the presehceiof a contaminant chemical agent, the detection
unit 8 determines the extent of changes of said optical and/or electrical
properties of said responsive material, as well as electrochemical
properties of said contaminant chemical agent.

Although in described example the detection unit combines
information obtained by three ébmparisons, it is advantageously possible
providing that'detectiorn unit carries out the first comparison as an
alternative to, or in combination with, the second comparison, and that it
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carries out the third comparison in combination with said first comparison
and/or said second comparison, without departing from the scope of the
present invention. In fact, depending on the contaminant chemical agent to
be detected, it can be sufficient one of the first two comparisons, or their
combination. . | |
, Furthermore, the .detection unit 8 can be programmed to
identify, by said changes, the pohtaminant chemical agent, and possibly to
determine its amount. In fact, the plurality of responsive materials that can
be used permits a plurality of combinations of optical signals and/or
electrical signals and/or electrochemical signals, by which it is possible to
unambiguously identify one or more chemical contaminant agents, thus
eliminating ambiguity deriving from possible interferences.

A memory 19 for storing optical properties and/or electrical
properties of material MS1 in the absence of contaminant chemical agent
is provided in said detection unit 8.

In the described embodiment, supporting means 3 on which
material MS1 responsive to at least a contaminant chemical agent is
arranged, comprise a support with a rectangular section which is fixed to
the inner structure of the housing 2, so as to be horizontal within said
housing 2, i.e. perpendicular to the inner surface of said housing.

Said support can be removably fixed by quick coupling/release
means (not shown) to the inner surface of the housing 2.

Advantageously, re‘movable'COUpling of supporting means to
the housing 2 permits to a user to remove said support means, and the
material MS1 supported on the .supporting means itself, replacing the
supporting menas with another one supporting a responsive material that
can be the same as the one removed, e.g. in case of wearing and/or
damaging of the same material, or different, so that one or more further
chemical agents present in fluid A can be detected by the same device.

The device 1 comprises respective adjustment means 4A and
5A for adjusting the position and orientation of said light source 4 and of
said optical receiver 5 with respect to the material MS1; said adjusting
means being controlled by‘éaid detection unit 8.

Position and orientation are two parameters that can be
predetermined before-or predetermined by an operator by said detection
unit 8. B '
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Advantageously, a micro adjustment permits optimizing the
angle between the light source and the receiver, i.e. the angle of the
received signal. .

The device 1 also comprises displaying means 20 for displaying
the results of the processing of said detection unit 8.

Advant_ageoUst,-according to the invention, detection unit 8 can
be programmed to record and cbmpare the optical spectrum, e.g. of
luminescence or of reflectance of the responsive material MS1 in the
absence or in the presence of a contaminant chemical agent.

The detection unit 8 can be connected to a computer 12, e.g. by
an electric cable or a wireless connection, for remotely monitoring the fluid
A, setting one or more parameters of said detection unit 8, and storing of
information relating to the optical and/or electric properties of responsive
material MS1 in the absence or in the presence of one or more
contaminant chemical agents.

In the described embodiment, the device 1 further comprises a
sensor 11 to detect the temperature of the fluid A, connected with aid
detection unit 8, as well as a filter element 9 for separating suspended
solid particles and/or substances dissolved within said fluid A by chemical
agents in issue. ‘ : .

Said filter element is a membrane and it is fixed to the lower
end of housing 2 of said device 1 by an O-ring 10, so that it is placed
between fluid A, outside said- housing and with which it is in contact, and
support means 3 of material MS1 responsive to at least one contaminant
chemical agent. R

Outer surface of housing 2 is opaque so that luminous radiation
arriving from outside does not interfere when detecting chemical agents in
issue. - ’ |

The responsive material MS1 can be either a synthesic organic
material, such as an organic material belonging to the class of tetrapyrrolic
macrocycles or a material for OLED, or a material for LED, or a biological
system. ' '

Said supporting means 3 can be made up of Teflon® or glass
or quartz or any other inert material. ‘

The light source 4 can be a light emitting diode or LED, or it can
be an light emitting organic diode or OLED, and the receiver 5 can be a
photodiode.
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The supply means 21 of the device can comprise a battery or a
accumulator rechargeable by eleCtric power or solar power, or a manual
dynamo. ' | - |

The filter element 9 can be comprised of cellulose acetate or
Teflon®, or can be made up‘of polyether sulfone, or it is made up of any
other material provided with a selective permeability. |

According to the invention, it is possible providing an opening or
hole 23 and a removable closing element 24 for said opening, so as to
allow a passage of air on the outside of the device, once that said closing
element is removed, in order to facilitate, inside of said device, the
crossing of the filter element 9 by the fluid A containing the contaminant
chemical agent.

Advantageously, mechanical or manual means can be applied
on said opening to create a negative pressure thus easing the contact
between said fluid and said material, mainly in the presence of a filter
element 9 which is less permeable to the fluid.

In a different arrangement (not shown), device 1 can be further
provided with acoustic and/or visual signaling means to emit acoustic
and/or visual alarms when value of concentration of a chemical agent
exceed a predetermined threshold, i.e. a concentration value which is
taken as the highest tolerable limit. -

In the second embodiment, shown in figure‘ 2, supporting
means 3 support, in addition to the material MS1, a second material MS2,
which is responsive to a second contaminant chemical agent.

When two responsive materials are present, a second light
source 4 to emit a luminous radiation on said second responsive material
MS2 and a second optical receiver 5 for receiving luminous radiation
reflected and/or emitted by said second responsive material MS2 are
provided Within the housing 2. ‘ '

Two electrodes 6’, 7°, each one having an end contacting said
responsive material MS2 and the other end electrically connected with
said detection unit 8 by a respective electric cable 6’A, 7°A. Said pair of
electrodes is electrically decoupled with respect‘ to pair of electrodes 6, 7
for first responsive material MS1 by an electric insulation (not shown).

- Particularly, res;ﬁonSive materials MS1, MS2 are provided on
opposed surfaces of the support 3, which'has a rectangular section and is
fixed-on the inner structure of the housing 2, so as to be vertically placed
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within said housing 2, i.e. parallel with respect to inner surface of the
housing 2. ' , .
In this second embodiment; each light source emits a plurality
of luminous radiations in succession on a respective responsive material,
each one at a predetermined wavelength, and each optical receiver 5
receives the luminous radiation reflected and/or emitted by a respective
responsive material. :

In other words,}the‘res_ponsive material MS1 arranged on one
face of the support is optically and electrically decoupled with respect to
responsive material provided on the opposite face of the same support by
suitable opaque and not conductive separation means. In the described
example, said separation means comprise, for each responsive material, a
respective separation septum 13, fixed to the inner surface of housing 2.

_ Although the two embodiments described in the above the
supporting means 3 have a rectangular cross-section and support
respectively a responsive material and two responsive materials, said
supporting means 3 can have any section and can support a even higher
number of responsive materials, said material being the same or different
each other. : :
~ For example, the supporting means 3 can have a triangular
section, a squared section or they can have any poligonal section so as to
support a suitable respohsive material on at least one face of said
polygon, provided that thé responsive material arranged on a face is
optically decoupled with respect to responsive materials arranged on the
other faces, and pair of electrodes of every sensible material is electrically
decoupled with respect to pairs of electrodes provided for other responsive
materials. o :

In case in which the supporting means 3 support three or more
responsive materials, the device 1 comprises a plurality of pairs comprised
of a light source 4 and an optical receiver 5, in number corresponding to
the number of responsive materials arranged on said supporting means 3,
so that radiation emitted by each one of said light sources 4 is only
directed on a respective responsive material and that luminous radiation
reflected and/or emitted by each one of said responsive materials is
received only by one corresponding optical receiver 5.

Furthermore, the section of said supporting means 3 can be a
hollow section so that a responsive material can be applied on at least the
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inner face, i.e. faced toward the cavity and/or on at least an outer face, i.e.
opposit to said inner face. | ,

A first advantage, aIready mentioned in the above, is due to the
fact that device according to the invention is suitable to detect in situ and
in real time the presence of one or more contaminant chemical agents
and/or of composiﬁon chemical agents, to indentify said contaminant
and/or composition chemical agents, and' possibly determining their
concentration. | |

A second advantage is possibility'of realizing said device with |
limited dimensions so that it can be easily transported by an operator,
even with such dimensions to be put within a pocket.

Another advantage is due to possibility of obtaining a statistic
about contaminant chemical agents and/or composition chemical agents in
environment, in foodstuffs, or in biological fluids, when the same
responsive material is fixed on the support, or information about different
chemical agents, when a plurality of responsive materials is fixed on said
support. : | |
A further advantage is that alarm signals can be sent when the
detected concentration of one or more contaminant chemical agents
exceed a predetermined threshold value. _

The present invention has been described for illustrative, but
not fimitative purposes according to its preferred embodiments, but it is to
be understood that variations and/or modifications can be introduced by
those skilled in the art without departing from the relevant scope, as
defined in the enclosed claims. -
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CLAIMS

1. Detecting. device (1) for detecting contaminant and/or
composition chemical agents in a real matrix, particularly in an
environmental liquid, in a food or in a biologic fluid, said device
comprising: ‘ ’ '

- a housing (2)

_ at least one material (MS1, MS2) responsive to at least one
contaminant and/or composition chemical agent present in said real
matrix,

- supporting means (3) for supporting said at least one material
(MS1, MS2), _ ,

- a detection unit (8) for detecting said contaminant and/or
composition chemical agent through changes in optical and/or electrical
properties of said material (MS1, MS2),
and further comprising for each material (MS1, MS2) responsive to at least
one contaminant and/or composition chemical agent:

- at least a light source or emitter (4) for emitting one or more
luminous radiation on said responsive material (MS1, MS2), said light
source being connected to said detection unit (8),

- an optical receiver (5) for receiving the light radiation reflected
from said material (MS1, MS2) and/or emitted by it, said optical receiver
being connected to said detection unit (8) and transmitting to it one or
more signals containing information on the .optical properties of said
material (MS1, MS2), and \

- a pair of electrodes (6, 7; 6', 7"), each of which has one end in
contact with said material (MS1, MS2), and the other end electrically
connected to said detection unit (8), said detection unit (8) applying,
through said electrodes, a potential difference on said responsive material
-(MS1, MS2) so that the latter generates one or more response signals
containing information on its electrical properties,
said device being characterized in that
said luminous radiations are emitted in sequence by said light source (4),
and each luminous radiation has a respective predetermined wavelength;

and in that :

said detection unit (8) comprises a database (22), within which
they are stored: . ‘
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- a plurality of predetermined responsive materials;

- a plurality of optical spectra associated with each one of sald
predetermlned responsive materials, obtained in the absence and in the
presence of a predetermined potential difference applied to each one of
them, each optical spectrum being associated with the interaction with one
or more predetermined.contaminant and/or composition chemical agents,

- a plurality of changes of electrical properties associated with
each one of said predetermined responsive materials, each change of
electrical property being associated with the interaction with one or more
predetermined contaminant and/or composition chemical agents,

wherein said detection unit (8) is configured to receive signals
containing information about optical properties of said responsive material
(MS1, MS2), and/or signals containing information about electrical
properties of the same responsive material, to obtain optical spectra of
each responsive material (MS1, MS2), in presence or absence of a
potential difference apllied by said detection unit (8), starting from
luminous radiations received from said optical receiver, and to carry out a
first comparison ‘between ‘each optical spectrum of said contaminant
and/or composition chemical agent to be detected and the respective
optical spectrum stored within said database (22), and/or to carry out a
second comparison between changes of electrical properties of each
responsive material (MS1, MS2) and changes of electrical properties of
each responsive material (MS1, MS2) stored within said database (22), so
that from one of said comparisons or from combination of said
comparisons one or more contaminant and/or composition chemical
agents in said real matrix is/are indentified.
- 2. Device (1) according to the previous claim, characterized in
that it s ‘ - ,

further comprises a further pair of electrodes (66, 77), spaced
from each other, each of which has a first end. fixed to said housing (2),
and a second end which is faced within said device and electrically
connected with said detection unit, |

inthat =~ ‘

a plurality of predetermined tension-current curves are stored
within database (22) of said detection unit (8), each one associated with at
least a predetermined contaminant and/or composition chemical agent,
and ' g S
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in that

said detection unit (8) is configured to apply one or more
predetermined potential dif_ferénce, constant and/or variable, on said
further pair of electrodes (66, 77), to measure a respective received
electric current signal, and to carry out a third comparison between
tension-current curve obtained and predetermined tension-current curves,
so that, by said third comparison, electrochemical features of said
contaminant and/or composition chemical agents are indentified, and so
that, from the combination with said first and second comparison, possible
identification ambiguities are eliminated and said contaminant and/or
composition chemical agents are quantified.

3. Device (1) according to one of the preceding claims,
characterized in that it comprises a plurality of light sources (4) and in that
said detection unit (8) activates, in succession, a light source (4) at a time.

4. Device (1) according to one of the preceding claims,
characterized in that radiation emitted by a light source (4) has a greater
wavelength up to a maximum of 50nm with respect to the wavelength of
light radiation emitted from a Ilght source (4) activated before by detection
unit (8). v : _
5. Device (1) 'a'cco_rding to one of the preceding claims,

characterized in that at least one light source (4) comprises supporting
means (41) and a plurality of light emission diodes or LEDs (42) arranged
on said support means (41)','ahd in that said detection unit (8) activates, in
succession, a light source at a tim’e,‘. ‘

6. Device (1) according to the preceding claim, characterized in
that said supporting means (41) comprises a rotating base, and in that
said LEDs (42) are arranged close to the edge of said rotating base.

7. Device (1) according to one of the preceding claims,
characterized in that, when it comprises a plurality of materials (MS1,
MS2) responsive to at least one contaminant and/or composition chemical
agents,; said materials being arranged on one or more supporting means

~ (3), for each responsive material (MS1, MS2): the respective pair
comprised of a light source (4) and an optical receiver (5), is optically
decoupled from the other pairé by opaque and non-conductive separation
means (13), and the pair of electrodes of a respective responsive material
is electrically decoupled from the other pairs of electrodes by an electrical
insulation. ' ‘
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8. Device (1) according to one of the preceding claims,
characterized in that said detection unit (8) comprises a memory (19) for
storing opticél and/or electrical properties of responsive materials (MS1,
MS2) and/or electrochemical properties of matrix to be examinated, in
absence and/or in presence of at least one contaminant and/or
composition chemical agent. | .

9. Device (1) according to one of the preceding claims,
characterized in that said supporting means (3) are removably fixed to the
inner surface of the device by engaging/disengaging means.

10. Device (1) according to one of the preceding claims,
characterized in that it comprises, for each light source (4) and for each
optical receiver (5), respective adjusting means (4A, 5A) for adjusting the
position and orientation of said light source (4) and said optical receiver (5)
with respect to the material, said adjusting means (4A, 5A) being
controlled by said detection unit (8).

11. Device (1) ‘according to one of the preceding claims,
characterized in that it comprises displaying means (20) for displaying the
results of the processing of said detection unit (8). ‘ '

12. Device (1) according to one of the preceding claims,
characterized in that said detection unit (8) is connected to a computer
(12) for remote monitoring of said real matrix, and/or setting one or more
parameters of said detection unit (8) and/or for storing of information on
optical and/or electrical properties of the material (MS1, MS2) in absence
and presence of at least one contaminant chemical agent.

13. Device (1) according to one of the preceding claims,
characterized in that each material (MS1, MS2) is a synthetic organic
material, such as an organic material belonging to the class of tetrapyrrolic
macrocycles or a material for OLED, or a material for LED, or a biological
system. ' \

14. Device (1) according to one of the preceding claims,
characterized in that said sdppOrting means (3) are made up of Teflon® or
glass or quartz or any other inert material. |

15. Device (1) ‘according to one of the preceding claims,
characterized in that it comprises a filter element (9) for separating
suspended solid particles and/or substances dissolved in said real matrix;
said filter element being fixed on said device (1) so as to be arranged
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between said real matrix, outside said detection device and with which it is
in contact, and said supportmg means.

" 16. Device (1) according to preceding clalm characterized in
that said filter element (9) is comprlsed of cellulose acetate or Teflon®, or
it is made up of polyether squo'ne,‘ or it is made up of any other material
with selective permeability.

17. Device (1) according to one of the preceding claims,
characterized in that said filter element (9) is a membrane.

18. Device (1) according to one of the preceding claims,
characterized in that it is provided with an opening or hole (23) and a
removable closing element (24) for said opening, so as to allow a passage
of air on the outside of the device in order to facilitate, inside of said
device, the crossing of the filter element (9) by a fluid (A) containing the
contaminant and/or composition chemical agent. ’

19. Device (1) according to one of the preceding claims,
characterized in that it further comprises acoustic and/or visual signaling
means for emitting acoustic and/or visual alarms when the value of the
concentration of a contaminant chemlcal agent exceeds a predetermined
threshold. '
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