exchange of information
between the projects in terms
of application scenarios and
interoperability of proposed
solutions

newsletter/brochure, including

a reference to other project

DIRAC Consortium

« CUSTOM project.

Links to other initiatives and EU projects
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The project will focus on employing multiple techniques, integrating them in a complex system which employs them in a

complimentary approach in order to identify an optimum trade-off between opposite requirements: compactness,

simplicity, low cost vs. sensitivity low false alarm rate, selectivity. Known techniques, as fluorescence will be improved

by mean of novel proteins, as antibodies to extend Probability of Detection (PoD)
- FORLAB project.

FORLAB goal is to guide in the investigation of a scene after the blast of an improvised explosive device (IED). The key

innovation is the establishment and maintenance of a dynamic, real-time self-adaptable feedback loop between the

data collection process at explosion scene and the data repository, with the aim of reducing the number of collected

samples, improving the capability to recreate the scenario and fine-tuning the screening process.
- BONAS project.

The aim of BONAS is to design, develop and test a novel wireless sensors network for increasing citizen protection and

homeland security against terrorist attacks, in particular against the threat posed by IED devices. The sensor network

will focus on the detection of traces of precursors used in IED production (particulates, gases and/or waterborne)

present in the environment surrounding the vicinity of a 'bomb factory’
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The DIRAC sensor will be fully
functional, from sampling to read-out.
In order to better match the
operational constraints of real use on
the field, and to allow control officers
to take rapid and efficient decisions,
its output will be in the form of ‘levels
of attention/alarm’, such as:

e Negative Response;

e Positive Response to illicit drugs;
Positive Response to controlled
precursors;

Response of Similarity to an illicit

drug.

This work has been
supported by the
European Commission

under the 7th

Framework Programme

through the Project
SEC-242309

FP7 PROJECT "DIRAC"

PROJECT OVERVIEW

The goal of this project is to develop an
advanced sensor system, that combines
miniaturized Gas Chromatography (GC) as its
key chemical separation tool, and Hollow-
Fiber-based Red

Spectroscopy (HF-IRAS) as its key analytical

Infra Absorption
tool to recognize and detect illicit drugs, key
precursors and potential derivatives. The
DIRAC sensor will be developed to be used
on the field primarily by customs officers for
controls at the EU external frontiers and by
law enforcement personnel for intra-
Community checks as a rugged and hand-

portable unit;

The DIRAC sensor will perform rapid
detection of key chemicals,

rejecting interferents with minimal false
positive alarm rate;

perform advanced data analyses . DIRAC

sensor will also perform advanced data
analyses such as similarity evaluation
between the chemical structure of the

unknown sample with that of controlled/illicit

substances

PROJECT OBJECTIVE

The Overall
development of

the
the

Objective of the project is
an advanced sensor for
detection and identification of illicit drugs and key
precursors. This sensor is a complex instrument that
consists of a number of building blocks, that is
logical/physical units with their own processing

techniques and procedures.

EXPECTED RESULTS

The main output of the project will be the initial
prototype of a sensor capable to provide real support
to customs officers in their daily fight against the
trafficking and distribution of illicit drugs. The
prototype is therefore expected to show:

- Reliability (ability to reject interferents);

- Hand portability;

- Fast response (few minutes)

- Good sensitivity (tens of nano-grams or better);

- Broad chemical spread (sensitivity towards
different

drugs and precursors);

- Identification capacity, (ability to distinguish one
target compound from another at least on a family

base).



The DIRAC system consists of
the following main units,
modules and sub-assemblies:
Sampling Unit:
Vacuum cleaner
EPS
On board electronics,
enclosure
Sensing Unit
Preconcentrator/injector/GC
HF-IRAS module
Sl detector
On board electronics and

enclosure

Processing and Control Unit:

e PC (equipped with analysis
SW and HMI)
Onboard electronics and
DAQs (optional)

Power module

External interface connectors

Electro-Static
Precipitator

MEASUREMENT CONCEPT

DIRAC combines miniaturized
Gas Chromatography (GC) as
its key chemical separation
tool, and Hollow-Fiber-based
Infra Red
Spectroscopy (HF-IRAS) as its

Absorption

key analytical tool to detect
and identify amphetamine type
stimulant (ATS) illicit drugs and
their precursors.

While GC-IRAS is, together
with GC-Mass Spectrometry,
the most powerful technique
for the identification and
quantification of amphetamine,
so far it has been implemented
only as bench-top
instrumentation for forensic
applications and bulk analysis.
In DIRAC, the use of micro-
machined GC columns, solid
state lasers, and IR hollow
fibers, will allow to implement a
sensor that features hand-

portability and prompt

response for field operation,
and is capable to perform both
bulk and trace analysis.

The DIRAC sensor will further
feature a) an advanced
sampling device, that
separates the analyte from
larger amounts of materials by
electrostatic charging; and, b),
an advanced micro-machined
pre-concentrator that treats
sequentially both volatile ATS
substances and non volatile

ammonium salts.

Response
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OPERATION
OUTPUTS

MODES AND

The sensor will implement two
alternative operation modes to
provide (rapid) detection and
(more time consuming)
identification. In the detection
mode, the output will indicate
whether the sample is negative,
positive, or non-negative. In the
identification mode, the output
will indicate the name or the
class of non-negative
substances present in the

sample.

SENSING CHAIN:
PARTICLES

Solid particles are collected in an air

affinity (as free

concentrator

-

| Electro-Static
Precipitator

b
5

Sensing chain

SOLID

flow. Particles with high proton

amines) are

precipitated out of the air flow by an
electrostatic precipitator (EPS), that
is by applying an electric field in the
presence of a proton shower. The
solid sample now available in the
EPS is heated up, and vapours are

sent to a vapour phase pre-

(VPC). The VPC

disposes of very volatile chemicals

Vapour-phase
pre-concentrator

strategy

(such as solvents) and traps less

volatile chemicals (particularly
aromatic groups, that are present
in all the ATS and precursors).

Upon heating, the VPC module
releases the analyte to the GC
column (for chemical separation),
and to the IRAS module (form
chemical analysis). Downstream
of the IRAS module, the sample is
still available to be analyzed by a

Sl detector.

GC module

| SIDstector |

Response

/| Signal proc. :
WG | ®

SENSING CHAIN: VAPOURS
In the case of vapours (present in the
air, or in the headspace of a tank)
there is no need of the EPS: the
analyte is directly sucked into the
VPC. The rest of the sensing chain
(separation and analysis) is the same
for particles and vapours. For
precursors (pure chemicals) the
separation could be bypassed for

early detection and identification

Prototype and manufactured components

(courtesy of EADS)

DIRAC will be capable of
treating samples of different
chemical and physical nature
by means of different sensing

chains

The partners have agreed to
consider the implementation
of two simplified sensing
chains and prototypes that
could be delivered and tested
in the final DEMO together
with the main all-inclusive

DIRAC prototype

Alumina plate and desorption
chamber are coupled directly
to Sl detector. Detection is
fast. Presence of cavitands
guarantees selectivity

towards amines (and, in

particular, methyl amines.

This sensing chain bypasses
chemical separation and can
provide early detection and
identification of pure chemical
(for example precursors

sampled from the headspace

of a tank).



