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Abstract

The Fire Rescue Service investigates the causes of fires and in some cases, when there is proof of abnormal
development of a fire by explosion or spreading of a fire at high speed, it is necessary to consider the possibility
that high-energy materials were present at the site of the fire. Various instruments that employ various methods
are used to determine whether a given material is an industrial explosive or a substance capable of deflagration or
detonation. One of them is also the FIDO X3 instrument which is based on the Amplifying Fluorescent Polymer.
The possibilities of FIDO X3 instrument involvement in fire and explosion investigation is demonstrated on

example of two case studies in this paper.
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1 Introduction

Integrated Rescue System units are aware of
the increased risk of terrorist attacks using
explosives or explosive traps. As a result,
Integrated Rescue System units have developed
a typical joint intervention for “STC 03/IRS
Threats using explosive traps or finding of
explosive traps, suspicious objects, munition,
explosives and explosive objects”. This
document gives a detailed account of the
principles of cooperation at the site of the
incident and delineates the competences and
tasks of each unit. The safety measures and
intervention site segmentation were developed
with the aims of maximum elimination of
possible negative consequences and maximum
efficiency in intervention implementation.
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1 Uvod

Slozky integrovaného zachranného systému
si uvédomuji nartist hrozeb teroristického titoku
prostfednictvim  vybusnin ¢i  nastraznych
vybusnych systémi. Z tohoto divodu byla
vypracovana typova ¢innost slozek
integrovaného  zachranného systému  pfi
spoleéném zasahu STC 03/IZS Hrozba pouziti
NVS nebo nalez NVS, podezielého predmétu,
munice, vybusnin a vybusnych predméti. V
uvedeném dokumentu jsou podrobné stanoveny
zéasady spoluprace na mista udalosti, vymezeny
kompetence, tUkoly jednotlivych slozek.
Stanovena bezpecnostni opatfeni a clenéni
mista zasahu tak, aby se co nejvice eliminovaly
mozné negativni nasledky a zasah byl proveden
co nejefektivnéji.
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The Fire Rescue Service investigates the
causes of fires and in some cases, when there is
proof of abnormal development of a fire by
explosion or spreading of a fire at high speed, it
is necessary to consider the possibility that
high-energy materials were present at the site of
the fire. There is justifiable reason to expect
these materials in premises and workplaces
where these materials are produced or
processed. These substances may also be
legitimately present in apartments or houses
where the users legally own weapons such as
hunting weapons and produce ammunition
themselves.

Various instruments that employ various
methods are used to determine whether a given
material is an industrial explosive or a substance
capable of deflagration or detonation. Table 1
gives an overview of portable analytical
instruments and methods capable of detecting
organic and inorganic explosives [1].

Hasi¢sky zachranny sbor provadi zjistovani
pricin vzniku pozaru a v nékterych ptipadech,
kdy bylo prokazano nestandardni rozsifeni
pozaru vybuchem nebo Sifeni pozaru vysokou
rychlosti, je tfeba se zabyvat i verzi, ze na misté
pozaru byly pfitomny energetické materialy.
Tyto materialy miZzeme opodstatnéné ocekavat
v prostorach a provozech, kde se s témito
materidly pracuje (vyroba a zpracovani
vybusnin a trhavin). Opravnény vyskyt téchto
latek muze byt i v byt¢ nebo rodinném dome,
jehoz uzivatelé jsou legalnimi drziteli zbrani
napftiklad loveckych a sami si vyrabéji strelivo.

Pro urceni, zda se jednd o primyslovou
vybusninu, ¢i latku, kterd je schopna deflagrace,
detonace se pouzivaji rizné pfistroje pracujici
na riznych metodach. Pro informaci je v tabulce
¢. 1 uveden prehled prenosnych analytickych
pristrojii, pouzivanych metod, které jsou o
schopny detekovat organické ¢i anorganické
vybusniny.

Table 1 Portable instruments to be used in fire and explosion investigation
Tabulka 1 Pienosné pfistroje aplikovatelné v zjistovani pficin vzniku pozarii a explozi

Portable analytical technique/P¥enosné
analytické techniky

Ability to analyze organic and/or Inorganic
explosives/ Schopnost analyzovat organické a
anorganické vybuSniny

Organic/organické Inorganic/anorganické

lon mobility spektrometry (IMS)/ Metoda
iontové mobility - spektrometrie

Yes/Ano Yes/Ano

Gas chromatography couped with IMS (GC-
IMS)/Plynova chromatografie spojena s IMS

Yes/Ano No/Nie

Gas chromatography couped with mass
spectrometry (GC-MS)/ Plynova chromatografie
spojena s hmotnostni spektrometrii

Yes/Ano No/Nie

Gas chromatography couped with
chemiluminescent detector (GC-CL); Thermal
energy analyzer (GC-TEA)/ Plynova
chromatografie spojena s chemiluminiscenénim
detektorem (GC-CL); analyzator tepelné energie
(GC-TEA)

Yes/Ano No/Nie

Gas chromatography couped with a surface
acoustic wave detector (GC-SAW)/Plynova
chromatografie spojena s povrchovou
akustickou vinovou (GC-SAW)

Yes/Ano No/Nie

lon chromatography (IC)/ Tontova
chromatografie

No/Nie Yes/Ano

FTIR spectroscopy?/spektrokopia

Yes/Ano Yes/Ano

RAMAN spectroscopy?°/spektroskopia

Yes/Ano Yes/Ano

a.b Techniques only amenable to bulk analysis (not trace material)/
P1MS detection limited to nitrate-based inorganic explosives only/
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The Fido X3 explosives trace detector

The FRS CR and the Population Protection
Institute have recently purchased a explosives
trace detector FIDO X3.

The technology used in the FIDO X3 is
based on the Amplifying Fluorescent Polymer,
which works on the principle of chemical
sensors that are bonded to a polymer chain.
When a target molecule of a high-energy
material reacts with a chemical sensor, the
fluorescence (fluorescence gain or attenuation)
of the whole chain on which the sensor is bound
changes. This allows the system to achieve
ultra-high sensitivity, since the interactions of
each target molecule cause a higher-order
response than non-cross-linked chemical
sensors. [2]

This instrument enables fast identification of
threats posed by high-energy materials. This
instrument is typically used to protect buildings
and people. It can also be used to examine
premises, buildings and vehicles to assess the
potential presence of improvised explosive
devices (IED). The FIDO X3’s ultra-trace
sensitivity enables detection of secondary
contamination, which is the contamination of
surfaces that have been recently exposed to
explosives. This can be useful during
investigation and detection of preparations for
a terrorist attack or criminal act using IED.
Where monitored individuals are suspected of
such activity, the instrument can prove whether
or not they have come into contact with
explosives during the past few hours.

Case study 1

A Fire Rescue Service investigator was
summoned to an investigation of the cause of an
explosion with a subsequent fire in a family
home. According to the user’s statement, when
placing fuel into the solid fuel furnace she added
black powder residues.

Outputs from the individual measurements
are as follows:

1. FIDO X3 explosives trace detector —
military explosive

2. MX908 high-pressure mass spectrometer
for detection of hazardous substances —
explosive, specifically black powder
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Detektor ultra
vybusnin FIDO X3

HZS CR, Institut ochrany obyvatelstva v
poslednich letech poftidil pfistroj na detekci
ultra stopovych casti vybuSnin. Konkrétné se
jedné o vyrobek firmy FLIR, a to FIDO X3.

Technologie pouzita v modelu FIDO X3 je
zalozena na zesilovacim fluorescen¢nim
polymeru, ktery pracuje na principu
chemickych senzord, které jsou vazany k
polymernimu fetézci. Cilova molekula vysoce
energetického materidlu reaguje s chemickym
senzorem, pak zméni se fluorescence (zesileni
nebo zeslabeni) celého fetézce, na kterém je
senzor vazan. To umoziuje systému dosahnout
velmi vysoké citlivosti, protoze interakce kazdé
cilové molekuly zptisobuji reakci vyssiho radu
nez nesesiténé chemické senzory. [2]

Tento pfistroj umoziiuje rychlou identifikaci
hrozby vysoce energetického materialu.
Obvykle se pfistroj vyuzivd pro ochrany
objektl a osob. Zatizeni mize byt také pouzito
k prozkoumani prostoru, budov a vozidel z
hlediska skladovaci kapacity IED. Ultra-
stopova citlivost zafizeni umoziuje detekci tzv.
sekundarni kontaminace. To znamena, ze
kontaminace povrchd, které se s vybusSninou
setkaly v neddvné minulosti. To muize byt
prospesné pii  vySetfovani a odhalovani
probihajicich pfiprav na teroristicky utok nebo
trestny ¢in s pouzitim IED. Je-li podezieni na
kontrolované osoby, lze prokazat, zda byly v
poslednich hodinach vystaveny vybusnine.

stopovych koncentraci

Piipadova studie 1

Vysettovatel hasi¢ského zachranného sboru byl
privolan k Setfeni pfiiny vzniku vybuchu s
naslednym pozarem v rodinném domé. Dle
sdéleni uzivatelky pfi prikladani paliva do kotle
na tuha paliva pridala i zbytky ¢erného prachu.
Na obr. ¢. 1 je zobrazena dievéna bedna se
zbytky ¢erného prachu.

K detekci a analyze odebraného vzorku byly
pouzity tyto analyzy na pfistrojich a vystupy
jsou nasledujici:

1. Detektor wultra stopovych koncentraci
vybus$nin FIDO X3 - vojenské vybusnina

2. Vysokotlaky hmotnostni spektrometr pro
detekci  nebezpecnych latek MX908 -
vybusnina, konkrétné ¢erny prach

3. ED-XRF spektrometr SER-01 Elva X
(rentgenovy laboratorni pfistroj) -
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3. EDXRF spectrometer, SER-01 Elva X
model — identified potassium 99.240%, sulphur
0.119%, iron 0.641%

4. Spatula flame test — the substance sparked,
then burned with an orange flame, which is
evidence of an explosive (fuse, black powder).
On the basis of the above conclusions, it was
determined that the collected sample was indeed
black powder. [3]

Case study 2

In the second case there was an explosion
with a subsequent fire in a building that was
used for business activities. On the ground floor
there was a locksmith’s workshop and on the
second above-ground floor there was a shop
selling paints and varnishes. During the
explosion and subsequent fire, the load-bearing
wall separating the workshop from the corridor
on the first above-ground floor was damaged.

Outputs from individual measurements:

1. GC/MS analysis

A) None of the identified substances confirms
the presence of fire accelerants or explosives in
the provided sample.

B). The presence of a flammable liquid was not
confirmed.

2. Detection of explosives with Fido X3 — The
presence of explosives was not detected.

3. Detection of explosives with the MX908
detector — No substances registered in the
instrument library were identified.

4. FTIR Analysis — By comparing the measured
spectrum with the spectra in the instrument
library, nitrocellulose was identified in the
sample. It is an extremely flammable and
explosive substance.

5. Characterization tests

a) Spatula test — after exposure to flame, the
substance immediately burned with a bright
yellow, odourless flame, orange sparks were
observed in the flame. The substance burned
without any combustible residues.

b) Solubility in water and selected organic
solvents. Solvents were selected according to
the literature [4] describing the properties of
nitrocellulose. Based on the solubility in
individual solvents, it was concluded that
nitrocellulose was present.

Based on the above conclusions from
individual methods, it was determined that the
sample contained nitrocellulose. [3]
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identifikovany prvky draslik 99,240%, sira
0,119%, zelezo 0,641%

4. Terénni analyza latek neznamého sloZeni
soupravou PCHL-CO, 2. dil (kopistkovy test) —
latka zajisktila, dale hofela oranzovym
plamenem — pozitivni dikaz vybuSniny
(zapalnice, Cerny prach).

Na  zaklad¢ uvedenych zavéri  bylo
vyhodnoceno, ze odebrany vzorek byl skute¢né
¢erny prach. [3]

Pripadova studie 2

V druhém ptipadé doslo k vybuchu s
naslednym pozarem v objektu, ktery slouzil k
podnikatelské ¢innosti. V pfizemi se nachazela
zamecnicka dilna, v 2. nadzemnim podlaZzi se
nachdzel prodej barev a lakii. Béhem vybuchu
s naslednym pozéarem doslo k poskozeni nosné
stény oddélujici dilnu od chodby v 1. NP.

Vystupy z jednotlivych méfeni:

1. GC/MS analyza

A) Zadna z identifikovanych latek nepotvrzuje
ptitomnost akcelerantii hofeni a vybusSnin v
dodaném vzorku.

B). Head-space s technikou SPME - P¥itomnost
hotlavé kapaliny nebyla potvrzena.

2. Detektor FIDO X3 — nebyla identifikovana
pritomnost vybusniny.

3. Detekce vybusnin detektorem MX908 -
nebyla identifikovana pritomnost zadné latky
obsazené v knihovné pfistroje.

4. FTIR analyza - porovnanim naméfeného
spektra se spektry v knihovng pfistroje byla ve
vzorku identifikovana nitroceluléza. Jedna o
extrémné hotlavou a vybusnou latku.

5. Charakterizacni testy - analyza
neznamého slozeni soupravou PCHL-CO
a) Kopistkovy test - po iniciaci plamenem latka
hoti okamzité¢ jasné Zzlutych plamenem bez
zapachu, v plamenu jsou pozorovany oranzové
jiskry. Latka shofti bez spalitelnych zbytkt, tedy
pozitivni diikaz vybusniny.

b) Rozpustnost ve vodé a vybranych
organickych  rozpoustédlech - Volba
rozpoustédel podle odborné literatury [4], ve
které jsou popsany vlastnosti nitrocelulozy. Dle
rozpustnosti v jednotlivych rozpoustédlech byl
uren zaver pozitivniho dikazu pritomnosti
nitroceluldzy.

Na zaklad¢ uvedenych zavéru z jednotlivych
metod bylo vyhodnoceno, Ze odebrany vzorek
obsahoval nitrocelulézu. [3]

latek
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Evaluation of the method of identification of
explosives

Due to the fact that detection instruments and
methods can falsely identify materials as
explosives, it is advisable to combine several
methods to avoid false identification. The
potential of false negativity, where the
explosive may not be detected during analysis,
is a more serious risk. The ultra-trace sensitivity
of the instrument guarantees a sizable chance of
detecting explosives even in extremely small
quantities. False negativity occurs with
explosives which the instrument cannot detect
or due to incorrect sample collection.

False positivity occurs when a chemical
sensor is activated by harmless substances with
a similar chemical reactivity to the screened
explosives (aromatic nitro compounds in
perfumes, sulphur and peroxides in commercial
products, naphthalene, repellents, etc.) or, for
example, in medical use of substances detected
as explosives (nitro-glycerine).

Conclusion

In order to determine the causes of a fire, it
is important to determine whether there were
any high-energy materials present at the site of
the fire, which can contribute both to the
initiation and the intensive spreading of the fire.
Explosion of some of the high-energy materials
can cause damage to firewalls and consequently
uncoordinated spread of fire in the building.

As part of state fire safety supervision, fire
brigades carry out investigations of causes of
fires and, in appropriate cases, collect samples
from the site of a fire. The Ministry of the
Interior, DG FRS CR, prepares expert opinions
as part of fire investigations. Detection of high-
energy materials is therefore essential to the
correct determination of the causes of a fire.
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Vyhodnoceni metody identifikace vybus$nin

Vzhledem k tomu, ze i pfistroje, resp.
detekéni metody mohou faleSné oznacit
materidly jako vybuSniny, je vhodné provést
kombinaci nckolika metod, tim se zajisti
vylouceni falesné identifikace. Vys§im rizikem
je vyskyt faleSné negativity, kdy vybusnina
nemusi byt detekovana béhem detekce. Ultra-
stopova citlivost piistroje zarucuje velkou Sanci
zachytit detekovatelné vybusSniny i ve velmi
malych mnozstvich. Falesna negativita se
vyskytuje u vybusnin, které pfistroj nedokaze
detekovat nebo u nespravného vzorkovani.

Falesna pozitivita nastava, kdyz je chemicky
senzor aktivovan neSkodnymi latkami s
podobnou chemickou reaktivitou na detekované
vybusniny (aromatické nitroslouceniny v
parfémech, sira a peroxidy ve vyrobcich,
naftalen, repelenty atd.) nebo naptiklad pfi
Iékatském pouziti detekovanych latek jako
vybusniny (nitro-glycerin).

Zavér

Pro urCeni pficiny vzniku pozaru je dilezité,
zda se na misté pozaru vyskytovaly energetické
materialy, které mohou jednak pfispét k iniciaci
pozaru, ale také k jeho vyraznému rozvoji.
Vybuchem casti energetickych material mtze
dojit k poSkozeni pozarné délicich konstrukei a
nasledn€ k nekoordinovanému $ifeni pozaru v
objektu.

Hasic¢ské zachranné sbory provadéji v ramci
statniho pozarniho dozoru zjistovani pficin
vzniku pozari a v oduvodnénych pripadech
energetickych materidlu je proto nezbytnad ke
spravnému stanoveni pfic¢iny vzniku pozaru.
Prestoze se obvykle detektory ultra stopovych
koncentraci vybusnin pouzivaji k
preventivnimu  vyhledavani  pfitomnych
vybusnin, lze je vyuZit i v ramci provadéni
pozarné technickych expertiz.
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