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Abstract

The article deals with the investigation of the possibility of taking extinguishing water to determine the residues
of a flammable liquid. The samples of extinguishing water were obtained after burning and extinguishing fuels of
natural and synthetic polymers — lignocellulosic material (wheat straw), polyurethane (PUR) foam and insulating
expanded polystyrene (EPS). The gasoline — natural 95 was used as a fire accelerator. There were three ways of
the extinguishing water collection compared — the extinguishing water directly, the extinguishing water absorbed
in the cosmetic cotton wool and the extinguishing water absorbed in the cellulose cotton wool. The samples were
analysed by headspace, coupled with gas chromatography and mass spectrometry (HS-GC-MS). The suitability of
the selected sorption materials was assessed by the comparison of the amount of the determined and identified
compounds. The highest number of compounds was identified in the extinguishing water after PUR foam burning
(38). After wheat straw burning we found 30 compounds and we identified the least number of compounds after
EPS burning. Compounds such as benzene, toluene, styrene, ethylbenzene, nonane were found. The most effective
method of extinguishing water sampling in almost each case seems to be sampling by absorption in the cosmetic
cotton when the compared amount of the identified compounds was always more than 100 % on average (101.27
% — 129.61 %). The least effective method of collection appears to be absorption in the cellulose cotton wool
(38.24 % — 94.60 %).

Keywords: fire investigation, volatile compounds, extinguishing water; headspace; mass spectrometry; gas
chromatography

1 Introduction 1 Uvod

In the case of deliberate arson, accelerators Pri umyselnom podpalaéstve sa na inicidciu
such as flammable liquids are used to initiate or alebo urychlenie poziaru  pouzivaju
accelerate a fire. Therefore, the detection of urychlovace, akymi st horlavé kvapaliny.
ignitable liquid residue (ILR) at the fire place is Preto je detekcia zvyskov zapalnej kvapaliny na
a key step in the investigation of each fire [1, 2]. poziarisku kl'a¢ovym krokom pri vySetrovani
Fire investigation, identification and analysis of kazdého poziaru [1, 2]. Zistovanie a
ignitable liquid residues is challenging process. vySetrovanie pri¢in vzniku poZiarov je naro¢ny

This is due to the complexity of the fire and
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the complications of obtaining evidence that
could indicate the cause of fire and guilt of the
persons (ILR — ignitable liquid residue) [3,4].
After a fire, once the cause of the fire has been
determined, identification of any flammable
liquid used to start the fire begins by observing
and gathering evidence on site, examining the
remains of the fire [5]. Samples obtained from
the fire place are analysed in a laboratory to
determine the presence of significant ILRs. The
identity of the type of accelerator is very
important information for investigators in cases
of suspected arson [6].

The determination of ILR residues is
influenced by many factors, e. g. the time period
from the fire extinction to the sampling, the
duration of high temperatures affecting on
materials. Due to delayed sampling after the fire
has been extinguished, subsequent chemical
reactions may occur. Knowing the time during
which the flammable liquid was exposed to the
fire is useful information for investigators [7, 8].
High temperatures have a negative effect on the
accurate and objective determination of the
cause of a fire, the effect of which is associated
with a change in evidence, materials, but also
with the creation of new traces [9].

All materials, flammable liquids especially,
are liable to weathering process, in which are
the volatile organic compounds (VOCs)
released. In the case of petrol, lighter VOCs are
the external compounds most sensitive to
external influences. Ventilation and exposure to
high temperatures can change the chemical
composition of the residues, which can lead to
modification of the analytical signal [10, 11].
One of the reasons for weathering is the action
of extreme temperatures and the entrapment of
compounds in various materials. Flammable
liquids tend to penetrate deep into porous
materials, making them more difficult to
evaporate. Extinguishing water can support this
fact, as it helps to penetrate compounds into
porous materials [12]. The sampling time, kind
of the sample, sampling and samples processing
method that all plays important role at the ILR
analysing process.

The extinguishing water could be the matrix,
which could eliminate the weathering process.
The extinguishing water does not belong to the
routinely analysed fire debris sample kinds.
There are works, where the extinguishing water
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proces. Vyplyva to zo zlozitosti poziaru a z
komplikacii ziskavania dokazného materialu,
ktory by mohol sved¢it o pricine a o0
zavineni osob [3, 4]. PO poziari, ked ZPP
zistuje  jeho pri¢inu, zacina pozorovanim
a zhromazd'ovanim dokazov na  mieste,
skimanim zvyskov z poziariska, za ucelom
identifikdcie akejkol'vek horlavej kvapaliny
pouzitej na zalozenie poziaru [5]. Vzorky
ziskané z poziariska sa analyzuju v laboratériu
na stanovenie pritomnosti signifikantnych ILR.
Identita typu urychl'ovaca je vel'mi vyznamnou
informaciou pre vySetrovatelov v pripadoch
podozrenia na podpalacstvo [6].

Stanovenie zvyskov ILR ovplyviiuja mnohé
faktory, napr. ¢as odberu vzoriek po uhaseni
poziaru, dizka pdsobenia vysokych teplot na
materidly. Vplyvom oneskoreného odberu
vzoriek po uhaseni poziaru moéze dochadzat
k vyznamnym zmenam materialov naslednymi
chemickymi reakciami. Poznanie doby, pocas
ktorej bola horlavd kvapalina vystavena
ucinkom poziaru, je uzitocnou informaciou pre
vySetrovatel'ov [7, 8]. Na presné a objektivne
zistenie priiny vzniku poziaru maji negativny
vplyv vysoké teploty, pdsobenie ktorych je
spojené so zmenou dokazov, materialov, ale aj
s vytvaranim novych stop [9].

Vsetky materialy, a horlavé kvapaliny
zvlast, podliehaju tzv. procesu zvetravania, pri
ktorom  dochadza  kuniku  prchavych
organickych latok (VOC - volatile organic
compounds). Pokial' sa jedna o benzin, su
lahsie VOC najviac vonkaj$imi vplyvmi
ovplyvnitelnymi zli¢eninami. Zvetravanie
a posobenie vysokych teplot moze menit
chemické zlozenie zvyskov, ¢o moze viest
k modifikacii analytického signalu [10, 11].
Jednym z dovodov zvetrdvania je pdsobenie
extrémnych teplot a zachytadvanie zlGCenin
v roznych matriciach. Horl'avé kvapaliny maja
tendenciu prenikat® hlboko do porovitych
materialov, preto sa tazSie odparuju. Hasiaca
voda moze tuto skutocnost podporovat,
nakol’ko pomaha k prenikaniu zlucenin do
pérovitych materialov [12]. Cas odberu vzorky,
typ vzorky, metoda odberu a nasledné
spracovanie vzoriek to vSetko zohrava dolezita
ulohu pri analyze ILR.

Médiom, ktoré méze eliminovat’ posobenie
procesu zvetravania, je hasiaca voda. Hasiaca
voda Vv sucasnej dobe nepatri K rutinne
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is considered to important information carrier
[13, 14]. Capoun and Krykorkova compared
and analysed samples from real fires by GC-MS
with HS-SPME technique. The results showed
that the identification of flammable liquids in
extinguishing water samples is significantly
more sensitive and accurate than the analysis of
solid residues [13]. According to their research
they recommend to the Fire Rescue Service of
the Czech Republic to collect 200 mL of
extinguishing water after fire extinction. [13].
They studied also how the water in the sample
affects the extraction of hydrocarbons to the
SPME fiber and how it affects the sorption to
TENAX. The degree of extraction of
hydrocarbons on the SPME fiber is higher in the
case of dry ash. This may be due to the fact that
there are only air and hydrocarbon molecules
around the fiber, whereas in the case of ash with
water, water molecules are also present. The
opposite result was obtained by the TENAX
tube method, higher stripping efficiency was
achieved with water samples. It can be assumed
that water molecules in the process of
hydrocarbon sorption water vapour helps to
entrain hydrocarbons into the air stream [14].

Flammable liquids used like fire accelerants
represent a wide range of chemical groups such
as unipolar carbohydrates, ogygenous organic
solutions, varnishers, paints. As a rule, these are
substances that are easy to obtain and which
also easily ignite [9, 15]. In case of fire, they
leave irregular patterns on the surface, which
indicate their presence. The standard test
method for residues of flammable liquids in
extracts from fire debris samples is the use of
GC-MS. The method covers the identification
of ILR in fire samples. The method is also
suitable for the specific identification of
individual compounds, simple mixtures or
flammable liquids based on non-diesel. The
sample is analysed by GC, which is connected
to MS and a data system capable of storing and
manipulating chromatographic and mass
spectral data [16].

Prior to analysis, samples must be prepared
by isolating the components from the complex
matrix and concentrating them [7]. A necessary
step is therefore the appropriate preparation of
the sample to identify the ILR from the fire
place. According to the kind of the sample and
of the flammable liquid are various separation
techniques used to the ILR isolation and
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analyzovanym typom vzoriek z poziariska.
Objavuju sa vSak prace, kde je hasiaca voda
povazovana za vyznamny nosi¢ takychto
informacii [13, 14]. Capoun a Krykorkova
(2009), analyzovali a porovnavali vzorky
zrealnych  poziarov  metdodou  GC-MS
s technikou HS-SPME. Vysledkami dokazali,
ze identifikdcia horlavych kvapalin vo
vzorkach hasiacej vody je podstatne citlivejSia
a presnejsia ako analyza pevnych zvyskov Na
zéklade svojich vyskumov odporuc¢aju HZS CR
odoberat’ okamzite po uhaseni poziaru aspon
200 ml hasiacej vody [13]. Skumali tiez ako
voda Vo vzorke ovplyviuje extrakciu
uhl'ovodikov na vlakno SPME a ako ovplyviiuje
sorpciuu na TENAX. Stupenn extrakcie
uhl'ovodikov na vlakno SPME je v pripade
suchého popola vyssi. Moze to byt sposobené
tym ze, v okoli vlakna su len molekuly vzduchu
auhlovodikov, kdeZto v pripade popola s vodou
su pritomné aj molekuly vody. Opacny
vysledok priniesla metdda presavania trubickou
TENAX, vysSia uc€innost stripovania sa
dosiahla pri vzorkach s vodou. Mozno
predpokladat’, ze molekuly vody pri procese

sorpcii  uhlovodikov  pomahaju  strhavat’
uhl'ovodiky do pradu vzduchu [14].
Horlavé  kvapaliny  pouzivané  ako

urychl'ovace horenia predstavuji Sirokt skalu
latok od nepolarnych uhlovodikovych paliv,
cez kyslikaté organické rozpustadla, laky, ¢i
naterové hmoty. Spravidla sa jedna o latky,
ktoré je mozné l'ahko ziskat' a rovnako l'ahko
podliehaju vznieteniu [9, 15]. Pri poziari
zanechavaju nepravidelné vzory na povrchu, ¢o
naznatuje ich pritomnost. Standardnym
analytickym postupom pre zvysky horlavych
kvapalin v extraktoch zo vzoriek z poziariska je
vyuzitie GC-MS. Metdda Sirokospektralne
pokryva identifikaciu ILR vo vzorkach
z poziariska. Metoda je vhodna aj na
konkrétnu identifikaciu jednotlivych zlucenin,
jednoduchych zmesi alebo horlavych kvapalin
nepolarnych aj polarnych. [16].

Pred analyzou je potrebné pripravit
vzorky izolovanim zloziek z komplexnej
matrice a ich zakoncentrovanim  [7].
Nevyhnutnym krokom je preto  vhodna
priprava vzorky na identifikaciu ILR
z poziariska. Na izolaciu a zakoncentrovanie
ILR sa vyuzivaju rézne separaéné techniky
v zavislosti od typu vzorky a druhu horlave;j
kvapaliny [17]. Separacia ILR zo vzoriek
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concentration [17]. Separation of ILR from fire
samples by static concentration of headspace
(HS) with activated charcoal is currently the
most widely used method for isolating and
concentrating flammable liquids from post-fire
residues in the USA.

Its advantages include sensitivity, simplicity
of use and non-destructiveness. The solid phase
microextraction (SPME) method is the most
widely used technique in European countries
[18]. Extraction of flammable liquid residues
with a solvent is applicable to a wide range of
concentrations [19]. The method is most
suitable for the analysis of samples of light to
medium  flammable liquids  (oxidizing
substances, paint thinners, etc.) and less suitable
for the analysis of flammable liquids with
heavier hydrocarbons [20]. Samples without a
strong odour is possible to process using
headspace technique, static or dynamic [21, 22].

The combination of HS-GC-MS provides
a cheap, reliable method of VOC analysis with
relatively little interference, as only the gas
phase is considered [23]. This method is often
used in forensic laboratories around the world
[24].

The named methods are recommended by
the American Society for Testing Materials
(ASTM) to determination of flammable liquids
residues in the fire debris samples. Generally,
these are samples of solid materials from fire
place. The combination of HS-GC-MS is
suitable for the extinguishing water samples
analyse [13, 14]. The problem is the collecting
of extinguishing water because of relatively
quick disappearing of water from the
incineration place.

The article deals with research of detection
possibilities of gasoline residues in the
extinguishing water after various polymer
materials burning (wheat straw, polyurethane
foam, expanded polystyrene). There are also
three ways of extinguishing water sampling
compared — directly extinguishing water
collecting, absorbing of extinguishing water in
the cosmetic cotton wool and absorbing of
extinguishing water in cellulose cotton wool.

2 Material and Methods

Matrices of natural and synthetic materials
were used for the experiment. Fifty grams of
summer wheat straw (Triticum aestivum L.)
was used for the experiment with the natural
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z poziariska statickou headspace (HS) s
aktivnym uhlim, je v sucasnosti najviac
pouzivanou metoédou na izolaciu a koncentraciu
zapalnych kvapalin zo zvySkov po poziari v
USA.

Medzi jej vyhody patri citlivost, l'ahkost
ovladania a nedestruktivita. Mikroextrakcia na

tuhej faze (SPME) je najpouzivanejSou
technikou v eurdpskych krajinach [18].
Extrakcia  zvySkov  horlavej  kvapaliny

rozpsutadlom je pouziteIna pre Siroky rozsah
koncentracii [19]. Metdda je najviac vhodna na
analyzu vzoriek l'ahkych az stredne horlavych
kvapalin (oxidujuce latky, riedidla lakov ai.)
a menej vhodna na analyzu horl'avych kvapalin
s taz§imi uhlovodikmi [20]. Vzorky, ktoré
nevykazuji vyrazny zapach, je mozné
spracovat’ headspace technikou, ¢i uz statickou
alebo dynamickou. [21, 22].

Kombinacia HS-GC-MS poskytuje lacny,
spolahlivy sposob analyzy VOC s relativne
malymi interferenciami, ked’Zze sa uvazuje iba
S plynnou fazou [23]. Tato metodika je Casto
pouzivana vo forenznych laboratériach po
celom svete [24].

Predchadzajuce metody su  Americkou
spoloCnostou pre testovaniec materialov
(ASTM) odporucané pre stanovenie zvyskov
horlavych kvapalin vo vzorkach z poziariska.
Spravidla sa jedna o odobraté tuhé vzorky.
Kombinacia HS-GC-MS je vhodna aj na
analyzu vzoriek hasiacej vody [13, 14].
Problematickym je odber hasiacej vody,
nakol’ko voda sa z miesta zasahu pomerne

rychlo vytraca.
V prispevku sa zaoberame skimanim
moznosti detekcie rezidui benzinu ako

urychl'ovaca horenia v hasiacej vode po horeni
roznych polymérnych materidlov (slama,
polyuretanova pena, expandovany polystyrén).
Tiez budi porovnavané tri sposoby odberu
hasiacej vody — odber priamo hasiacej vody,
absorpcia hasiacej vody v kozmetickej vate
a absorpcia hasiacej vody v buni¢nej vate.

2 Material a metody

Na experiment boli pouzité matrice
prirodnych a syntetickych materidlov. Na
experiment s prirodnym polymérom sa pouzilo
50g slamy z pSenice letnej (Triticum aestivum
L.). Pri syntetickych latkach bolo pouzitych 30
g PUR peny (classic 25 kg/m?) a rovnako 30 g
expandovaného polystyrénu (EPS 70F). Ako
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polymer. For synthetic substances, 30 g of PUR
foam (classic 25 kg/m®) as well as 30 g of
expanded polystyrene (EPS 70F) were used.
EVO Natural 95 (E10) petrol from the local
Slovnaft petrol station was used as a fire
accelerator.

Gasoline in a volume of 10 ml was used for
each sample. The burning time of the samples
until their extinguishing was 60 s for wheat
straw, 30 s for EPS and PUR. The samples were
then extinguished with 0.5 L of water obtained
from a hydrant network. After extinguishing the
burning matrices, samples of extinguishing
water were taken from them. Extinguishing
water was taken directly, as well as samples of
extinguishing water absorbed in (cosmetic and
cellulose wadding). A cotton swab (measuring
approx. 3 x 2 x 0.4 cm, weight 2 g) of GALA
cosmetic cotton wool was used for absorption in
cosmetic cotton wool. Plates (approx. 3 x 2 x
0.3 cm, weight 2 g) of PEHAZELL were used
for absorption in cellulose wadding.

The samples were taken in sealed glass vials
with 20 ml volume. The analysis was performed
on the Agilent HP7890A gas chromatograph
with the VL MSD 5975C mass spectrometer
with the Headspace Autosampler 7697A
accessory. The prepared samples were heated at
60 °C for 20 min. The gas mixture was
separated on the HP-5MS column (Agilent)
with a temperature program from 40 °C to
280 °C, the carrier gas being helium at a flow
rate of 1 ml/min. Detection of separated compo-
unds was performed by mass detection using
a single quadrupole with electron ionization at
70 eV. ldentification of the determined
compounds was performed by comparing the
determined mass spectra with the spectra in the
database (NIST library).

3 Results and Discussion

The volatiles present in the samples were
monitored by gas phase extraction by headspace
coupled with gas chromatography and mass
spectrometry. The determined compounds were
identified by comparing the obtained mass
spectra with the spectra in the NIST database.
The results obtained are shown in Tables 1 to 3.
To assess the suitability of the selected sorption
materials, the amount evaluated as the area of
the chromatographic peaks of the captured and
identified substances was compared with the
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urychl'ova¢ horenia bol pouzity benzin EVO
Natural 95 (E10) z lokalnej Cerpacej stanice
Slovnaft.

Na jednotlivé vzorky sa pouzil benzin
v objeme 10 ml. Cas horenia vzorieck do ich
uhasenia bol pri pSeni¢nej slame 60 s, pri EPS
a PUR 30 s. Vzorky sa nasledne uhasili 0,5 L
vody z hydrantovej siete. Po uhaseni horiacich
matric sa z hich odoberali vzorky hasiacej vody.
Odoberala sa priamo hasiaca voda, ako aj
vzorky hasiacej vody absorbované
v (kozmetickej a bunicitej vate). Na absorpciu
v kozmetickej vate bol pouzity vatovy tampon
(s rozmermi cca 3 x 2 x 0,4 cm, hmotnost’ 2 g)
kozmetickej vaty GALA. Na absorpciu
Vv bunicitej vate sa pouzili platy (s rozmermi
priblizne 3 x 2 x 0,3 cm, hmotnost’ 2 g) znacky
PEHAZELL.

Odobraté vzorky boli ulozené v uzavretych
sklenych vialkach s objemom 20 ml. Analyza
bola vykonand plynovym chromatografom
Agilent HP7890A S hmotnostnym
spektrometrom VL MSD 5975C s pridavnym
zariadenim Headspace Autosampler 7697A.
Pripravené vzorky sa zahrievali pri teplote 60
°C pocas 20 min. Separacia plynnej zmesi
prebehla na koléne HP-5MS (Agilent)
S teplotnym programom od 40 °C do 280 °C,
nosny plyn bol hélium s prietokom 1 ml/min.
Detekcia separovanych zli¢enin bola vykonana
hmotnostnou detekciou S vyuZzitim
jednoduchého  kvadrupdlu s elektronovou
ionizaciou pri 70 eV. Identifikacia stanovenych
zli¢enin  bola  vykonana  porovnanim
stanovenych  hmotnostnych  spektier  so
spektrami v databaze (NIST kniznica).

3 Vysledky a diskusia

V odobratych vzorkach boli extrakciou
v plynnej faze metdédou headspace Vv spojeni
s plynovou chromatografiou a hmotnostnou
spektrometriou sledované pritomné prchavé
latky. Stanovené zluceniny boli identifikované
porovnanim ziskanych hmotnostnych spektier
SO spektrami v databaze NIST. Ziskané
vysledky st uvedené v tabulkach 1 az 3. Pre
posudenie vhodnosti zvolenych sorpénych
materidlov  bolo porovnavané mnozstvo
hodnotené ako plocha chromatografickych
pikov zachytenych a identifikovanych latok
s latkami stanovenymi v hasiacej vode.
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substances determined in
water.

The comparison is expressed as a percentage
in Tables 1 to 3, with the amount determined in
the extinguishing water being 100 %.

Depending on the type of burning matrix, 15
to 38 compounds were identified in the
extinguishing water samples.

After wheat straw burning, 30 volatile
substances  were identified from the
extinguishing water (Table 1).

A large amount of volatile organic
compounds was determined in  the
extinguishing  water after burning and
extinguishing the straw. We found the highest
value for 1,3,5-trimethylbenzene, high values
were also determined for xylene, 1-ethyl-2-
methylbenzene as well as other alkyl
derivatives of benzene.

An interesting fact is the determination of
styrene in extinguishing water, while styrene
has not been determined in solid residues after
burning and extinguishing of the straw [25].

Contamination of the fire water sample is not
expected as it was processed first and fire water
from several experiments was analyzed. The
presence of styrene in samples after burning
straw may not come directly from gasoline.
Several authors have determined the presence
of styrene after burning natural polymers
without the use of an accelerator. Austin et al.
[26] determined the presence of styrene from
samples after burning spruce wood, the same
determination was obtained by Barrefors et al.
[27], who determined the the presence of
styrene by analyzing samples of burnt birch
wood. The presence of styrene was also
identified by Flaviis et al. [28] after burning 6
different kinds of wheat, without the use of
a flammable liquid [26-28].

However, in the works of other authors,
styrene does not appear as a decomposition
product of straw burning [29-31].

the extinguishing
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Porovnanie je v tabulkach 1 az 3 vyjadrené
percentudlne, priom mnozstvo stanovené
v hasiacej vode predstavovalo 100 %.

V zavislosti od druhu horiacej matrice bolo
vo vzorkéch hasiacej vody identifikovanych 15
az 38 zlucenin.

V hasiacej vode po spalovani slamy bolo
identifikovanych 30 prchavych zlG¢enin
(Tabulka 1).

V hasiacej vode po horeni a uhaseni slamy
bolo stanovené velké mnozstvo organickych
prchavych zlacenin. Najvy$$iu hodnotu sme
zistili u 1,3,5-trimetylbenzénu, vysoké hodnoty
boli stanovené aj pre xylén, 1-etyl-2-
metylbenzén ako aj iné alkylderivaty benzénu.

Zaujimavé je stanovenie styrénu v hasiacej
vode, pricom v tuhych zvySkoch po horeni
a uhaseni slamy styrén stanoveny nebol [25].

Kontaminéacia vzorky hasiacej vody sa
nepredpoklada, nakol’ko bola spracovavana ako
prva a analyzovand bola hasiaca voda
Z viacerych experimentov. Pritomnost’ styrénu
vo vzorkdch po horeni slamy, nemusi
pochadzat’ priamo zbenzinu. K stanoveniu
pritomnosti styrénu po horeni prirodnych
polymérov bez pouzitia urychlova¢a dospelo
niekolko autorov. Austin et al. [26] stanovili
pritomnost’ styrénu zo vzoriek po horeni
smrekového dreva, k rovnakému stanoveniu
dospeli aj Barrefors et al. [27], ktori stanovili
pritomnost’ styrénu analyzou vzoriek zhoreného
brezového dreva. Styrén identifikovali aj
Flaviis et al. [28] po spalovani 6 roznych
druhov pSenice, bez pouzitia horl’avej kvapaliny
[26-28].  Predpokladame  vznik  styrénu
reakciami ¢i uz zlu¢enin pochadzajucich priamo
z benzinu, alebo sekundarnymi reakciami
vzniknutych zlucenin z horenia slamy, napr.
Z etylbenzénu moéze sekundarnymi reakciami
vznikat’ styrén.

V pracach inych autorov sa vSak styrén ako
rozkladny produkt horenia slamy neobjavuje
[29-31].
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Tab. 1 Comparison of determined substances in extinguishing water after burning straw

Tab. 1 Porovnanie stanovenych zluc¢enin v hasiacej vode po horeni slamy

RT. EW CosC EW CellCEW CosC CeliC
(min) Substance name/Nazov latky (AU) (AU) (AU) EW % EW %
2,16 2-ethoxy-2-methylpropane 1042248 1268372 1085118 121.69 104.11

2,46 benzene 1 682 494 571003 661144 33.94 39.29

4,01 toluene 10615989 10244700 7568067 96.51 71.29

6,29 ethylbenzene 5364075 6724866 4274758 125.37 79.69

6,50 p-xylene 15181014 18785995 12189819 123.75 80.29

7,18 styrene 10291868 12172534 8240059 118.27 80.26

8,20 1-methylbenzene 941834 1461154 927021 155.14 98.42
9,08 propylbenzene 3260888 5035585 3279044 154.42 100.56
9,39 1-ethyl-2-methylbenzene 13834363 19882443 13447727 143.72 97.21
9,53 1,2,3-trimethylbenzene 3216604 4946542 3239983 153.78 100.73
9,88 1,2,4-trimethylbenzene 5545999 7547921 5296676 136.09 95.04

10,30 1,3,5-trimethylbenzene 19625097 25187776 18754481 128.44 9557
10,78 2-methylpropylbenzene 291848 1179502 395818 404.15 135.62
10,88 1-methylpropylbenzene 350 558 804 973 451107 229.63 128.68
11,21 1-ethyl-3-methylbenzene 7514625 8989282 7259732 119.62 96.61
11,62 indane 3429774 4012499 3019506 116.99 88.04
11,92 indene 636 536 618546 479850 97.17 75.38
12,15 1-methyl-3-propylbenzene 2577783 3727401 3078219 14459 119.14
12,26 1-methyl-2-propylbenzene 1352048 2065000 1682684 152.73 124.45
12,39 1-ethyl-3,5-dimethylbenzene 1477116 1935281 1730557 131.01 117.15
12,48 1-ethyl-2,4-dimethylbenzene 457 731 870517 672897 190.18 147.01
12,63 1-methyl-4-propylbenzene 1039995 1225527 1147716 117.84 110.36
13,21 1-ethyl-2,3-dimethylbenzene 3974570 6457898 3351589 162.48 84.32
13,83 2-ethyl-1,4-dimethylbenzene 1121655 1417057 1404578 126.33 125.22
14,10 1,2,3,5-tetramethylbenzene 1682486 2016792 2193703 119.86 130.38
14,24 1,2,3,4-tetramethylbenzene 2935166 3416720 2777027 11641 94.61
14,79 2,3-dihydro-5-methyl-1-H-indene 1500827 1743396 1649276 116.16 109.89
15,11 2,3-dihydro-4-methyl-1-H-indene 1 695 949 897561 1410387 5292 83.16
15,19 1,2,4,5-tetramethylbenzene 862 940 943293 865112 109.31 100.25
16,12 naphthalene 3418236 2945985 1976106 86.18 57.81
AVERAGE yields values % /

Priemerné hodnoty vytazku % 100 129.61  94.60

RT - retention time (reten¢ny ¢as); AU - abundance unit (miera zastipenia); EW - extinguishing water
(hasiaca voda); CosC EW - extinguishing water absorbed in cosmetic cotton wool (hasiaca voda
absorbovana v kozmetickej vate); CellC EW - extinguishing water absorbed in cellulose cotton wool

(hasiaca voda absorbovana v bunicitej vate)

The possibility of taking off the
extinguishing water by absorption during the
straw treatment proves to be promising, as the
average amount of the determined compounds
is 129.61, resp. 94.60 %. The highest value of
absorption is up to 404.15 % in cosmetic
wadding for 2-methylpropylbenzene compared
to the original 100 % directly from the
extinguishing water (EW).
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Moznost’ odberu hasiacej vody absorpciou sa
pri  spracovani  slamy  ukazuje byt
perspektivnou, nakolko priemerne mnozstvo
stanovenych zlucenin je 129.61, resp. 94.60 %.
NajvysSia hodnota absorpcie je pritom az
404.15 % v kozmetickej vate pre 2-
metylpropylbenzén oproti pdvodnym 100 %
priamo z hasiacej vody (EW).
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After PUR foam burning, 38 volatile V hasiacej vode po horeni polyuretanovej
substances were identified from peny bolo identifikovanych 38 zlucenin
theextinguishing water (Table 2). (Tabulka 2).

Tab. 2 Comparison of determined substances in extinguishing water after burning PUR foam

Tab. 2 Porovnanie stanovenych zlucenin v hasiacej vode po horeni PUR peny

RT. EW CosCEW CellCEW  CosC CellC
(min) Substance name/Nazov latky (AU) (AU) (AU) EW% EW %
1,71 2- methyl -2-butene 660 516 959 148 1145622 14521 173.44
1,98 2,2,3-trimethylbutane - 127 227 113991 100 100
2,16 2-ethoxy-2-methylpropane 5202284 3003795 2911262  57.74  55.96
2,42 benzene 941648 1841 302 949088 19554 100.79
2,71 4-methylhexene 176 912 468 176 332039 264.64 187.68
2,87 1-heptene 129 040 333083 134782 258.12 104.45
3,12 methylcyklohexane 166 749 231210 180414 138.66 108.19
3,65 2,3,4-trimethylpentane - 307 616 469 518 100 100
4,01 toluene 7415400 4873418 3749036  35.72 50.56
4,42 trans-1-ethyl-3-methylcyklopentane - 186 839 131 307 100 100
4,75 trans-1,4-dimethylcyklohexane 245 354 500 516 333959 203.98 136.13
5,18 2,4-dimethylheptane - 54132 - 100 -
5,55 3,5-dimethylheptane - 176 685 97 003 100 100
6,35 ethylbenzene 1556101 1345735 989135 86.48 63.54
6,64 p-xylene 4100450 3195880 2410478 7794 58.78
7,19 styrene 3046021 3466 127 2422281 11379  79.52
7,41 nonane - 134 802 78 866 100 100
8,21 1-methyl-ethylbenzene 235 037 256 218 189272 109.01  80.53
9,08 propylbenzene 733770 692 920 527547 9443 71.89
9,39 1-ethyl-3-methylbenzene 2760901 2419458 1880687 87.63 68.11
9,58 1,2,3-trimethylbenzene 572 742 469 343 366858  81.94  64.02
9,92 1-ethyl-2-methylbenzene 872 557 696 721 550 426 79.84  63.08
10,42 1,3,5-trimethylbenzene 3313781 2599807 2122549 7845 64.05
11,24 1-ethyl-3-methylbenzene 1050579 739783 624329 7042  59.43
11,63 indane 382190 261 741 240590 68.48 62.95
12,15 1-methyl-3-propylbenzene 553034 479 644 358734 86.73  64.87
12,25 1-methyl-4-propylbenzene 223 378 188 538 154077 8441 68.98
12,45 1-ethyl-2,4-dimethylbenzene 324 269 239 304 213506  73.82 65.84
12,61 1-methyl-2-propylbenzene 228 468 169 420 168643 7415 7381
12,95 2-ethyl-1,4-dimethylbenzene 139 547 239 498 173646 171.62 124.44
13,21 1-ethyl-2,3-dimethylbenzene 728 112 465 136 445227 63.88 61.15
13,82 2-ethyl-1,4-dimethylbenzene 225 855 150 436 113342 66.61 50.18
14,11 1,2,3,5-tetramethylbenzene 237 436 126 459 131084 53.26 55.21
14,23 1,2,4,5-tetramethylbenzene 495 259 271791 282629 5488 57.07
14,79 2-ethenyl-1,4-dimethylbenzene 215712 111 540 126128  51.71  58.47
15,11 2,3-dihydro-4-methyl-1H-indene 219 709 101 140 203 605 46.03  92.67
15,19 1,2,3,4-tetramethylbenzene 166 121 71811 82 656 43.22  49.76
16,12 naphthalene 158 502 - 203 336 - 128.29

AVERAGE yields values % /

Priemerné hodnoty vyt'azku % 100 101.27  83.89

RT - retention time (reten¢ny ¢as); AU - abundance unit (miera zastapenia); EW - extinguishing water
(hasiaca voda); CosC EW - extinguishing water absorbed in cosmetic cotton wool (hasiaca voda
absorbovana v kozmetickej vate); CellC EW - extinguishing water absorbed in cellulose cotton wool
(hasiaca voda absorbovana v bunicitej vate)
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The highest amount was determined for
toluene, which is formed as a product of thermal
degradation of organic materials, or as ILR [32].
As in the examination of extinguishing water
after burning and straw-extinguishing, in this
case the concentration of extinguishing water
by absorption in cosmetic wool (CosC EW)
tends to concentrate, although the difference
between the sorption materials used is not so
marked (101.27 % compared to 83.89 %). The
highest concentration was found in the
collection of extinguishing water by absorption
in cosmetic cotton wool (CosC EW), with the
compound 4-methylhexane, namely 264.64 %,
compared to the initial 100 %, which is the
collection of extinguishing water (EW). It is
possible to observe a trend that compounds with
a larger number of C atoms in the molecule are
trapped in smaller amounts (less than 60 %).

NajvysSie mnozstvo bolo stanovené pre
toluén, ktory vznikd ako produkt termickej
degradacie organickych materialov, alebo ako
ILR [32]. Podobne ako pri skiimani hasiacej
vody po horeni ahaseni slamy, aj vtomto
pripade sa pri zachytivani hasiacej vody
absorpciou v kozmetickej vate (CosC EW)
objavuje skor zakoncentrovanie, aj ked’ rozdiel
medzi pouzitymi sorpénymi materidlmi nie je
taky markantny (101.27 % oproti 83.89 %).
Najvécsie zakoncentrovanie bolo zistené pri
odbere hasiacej vody absorpciou v kozmetickej
vate (CosC EW), pri zlG¢enine 4-metylhexan,
ato 264.64 %, oproti vychodiskovym 100 %,
ktoré predstavuje odber hasiacej vody (EW). Je
mozné sledovat’ trend, Zze zluCeniny s viacSim
poctom atomov C v molekule su zachytené
vV menSom mnozstve (menej ako 60 %).

Tab. 3 Comparison of determined substances in extinguishing water after burning EPS

Tab. 3 Porovnanie stanovenych zluc¢enin v hasiacej vode po horeni EPS

RT. EW CosCEW CellCEW CosC CellC
(min)  Substance name/Nazov latky (AU) (AU) (AU) EW% EW %
2,16  2-ethoxy-2-methylpropane 14237830 21025799 5195400 147.68 36.51
2,47  benzene 3469185 3761177 1133711 108.42 32.68

3,99 toluene 13954689 14773929 4338354 10587 31.01
6,31 ethylbenzene 2526250 2816026 768 772 11147  30.43
6,53  p-xylene 6639445 7713749 2225306 116.18 3351
7,17  styrene 22493057 29380619 16521591 130.62 73.45

9,14  propylbenzene 666 698 884 617 228231 132.68 34.23
9,38  1-ethyl-2-methylbenzene 2874078 3815001 1129110 132.74 39.29
9,58 1,2,3-trimethylbenzene 620 656 814 378 248029 131.21 39.96

1051301 1353610 405899 128.76  38.61
3974326 5214876 1809953 131.21 4554
1333 047 733221 587 057 55.11  44.04

9,93  1-ethyl-2-methylbenzene
10,35 1-ethyl-3-methylbenzene
11,26  1,3,5-trimethylbenzene

11,65 indane 608 710 599 455 243974 98.48  40.08
13,28 1,3-dimethyl-2-ethylbenzene 482 730 176 378 256 121 36.54 53.06
14,28 1,2 4 5-tetramethylbenzene 376 631 352 757 253 619 03.66 67.34
AVERAGE vyields values % /
Priemerné hodnoty vyt'azku % 100 110.71  38.24

RT - retention time (retenény ¢as); AU - abundance unit (miera zastipenia); EW - extinguishing water
(hasiaca voda); CosC EW - extinguishing water absorbed in cosmetic cotton wool (hasiaca voda
absorbovana v kozmetickej vate); CellC EW - extinguishing water absorbed in cellular cotton wool
(hasiaca voda absorbovana v bunicitej vate)

Fifteen compounds were identified in the
extinguishing water after burning the EPS
polystyrene (Table 3). The highest amount was

V hasiacej vode po horeni expandovaného
polystyrénu  bolo  identifikovanych 15
zlG¢enin (Tabulka 3). NajvysSie mnoZzstvo
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determined for styrene, which escapes into
the extinguishing water partly asa building
component of the original matrix, partly by
capturing the resulting flue gases [33, 34].

By comparing the area of the
chromatographic peaks of the determined
substances, we found that the substances in the
extinguishing water are better absorbed in
cosmetic wadding (on average 110.71 %) than
in cellulose wadding (on average 38.24 %).
Substances with a higher number of carbon
atoms in the chain (9 and 10 C) showed
a smaller amount of substances determined by
absorption in cosmetic cotton wool than in
extinguishing water. The highest concentration
occurred in the absorption of extinguishing
water in cosmetic cotton wool (CosC EW) for
2-ethoxy-2-methylpropane, 147.68 %. In
contrast, the lowest absorption from the
extinguishing water was found for ethylbenzene
by absorption in cellulose wadding (CellC EW),
namely 30.43 %. It is possible to observe
asimilar trend as in the burning and
extinguishing of PUR foam, where compounds
with a larger number of C atoms in the molecule
are trapped in smaller amounts (about 50 %).

According to the results of Tables 1 to 3, we
can say that the use of the cosmetic cotton wool
(CosC EW) sampling method was most
effective in burning and extinguishing each
matrix. This fact is most noticeable in the
burning of straw matrices, where the absorption
in the cosmetic wool showed a concentration of
the determined compounds by about 30 %
compared to the collection of EW.

Figure 1 shows a graphical comparison of
the determined amount (based on peak area) of
selected compounds. The highest values were
determined when taking extinguishing water by
absorption in cosmetic cotton wool (CosC EW),
the lowest amount was determined in cellulose
cotton  wool samples (CellC EW).
Concentration of the determined substances
occurs both for compounds derived from matrix
(styrene) and for comoounds probably formed
by thermal degradation of the material
(toluene,benzene) and at the same time for
compounds typical of the used accelerator
(trimethylbenzene). The number of compounds
trapped in the cellulose wadding shows
a relatively noticeable decrease compared to the
extinguishing water samples.
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bolo stanovené pre styrén, ktory do hasiacej
vody unikd scasti ako stavebna jednotka
poévodne] matrice, sCasti  zachytavanim
vznikajacich spalin [33, 34].

Porovnanim plochy chromatografickych
pikov stanovenych latok sme zistili, ze latky
v hasiacej vode sa lepSie  absorbuju
v kozmetickej vate (priemerne 110.71 %) ako
V bunicitej vate (priemerne 38.24 %). MenSie
mnozstvo latok  stanovenych absorpciou
v kozmetickej vate ako v hasiacej vode
vykazovali latky s vySSim poctom atomov
uhlika v retazci (9 a 10 C). Najvacsie
zakoncentrovanie sa objavilo pri absorpcii
hasiacej vody v kozmetickej vate (CosC EW)
pre 2-etoxy-2-metylpropan, a to 147.68 %.
Naopak najmenSie absorbovanie z hasiacej
vody bolo zistené pre etylbenzén absorpciou
V buni¢nej vate (CellC EW), a to 30.43 %. Je
mozné pozorovat podobny trend ako pri horeni
a haseni PUR peny, kde zlu¢eniny s va¢Sim
poctom atomov C v molekule st zachytené
v menSom mnozstve (cca 50 %).

Z vysledkov z tabuliek 1 az 3 je zrejmé, ze
pouzitic metédy odberu pomocou kozmetickej
vaty (CosC EW) bolo pri horeni a uhaseni
kazdej matrice najucinnejsie. Tato skutoCnost
je najviac badatelnd pri horeni matric slamy,
kde sa absorpciou v kozmetickej vate objavilo
zakoncentrovanie  stanovenych  zlucenin
0 priblizne 30 % v porovnani s odberom
hasiacej vody (EW).

Na obrazku 1 je wuvedené grafické
porovnanie stanoveného mnozstva (na zaklade
plochy pikov) vybranych zlticenin. Najvyssie
hodnoty boli stanovené pri odbere hasiacej
vody absorpciou Vv kozmetickej vate (CosC
EW), najniz§ie mnozstvo bolo stanovené vo
vzorkach  bunilitej vaty (CellC EW).
Zakoncentrovanie  stanovenych latok sa
objavuje ako pre =zliCeniny pochadzajice
Z matrice (styrén), tak pre zluceniny vzniknuté
pravdepodobne termickou degradaciou
materidlu (toluén, benzén) a zaroven pre
zliCeniny typické pre pouzity urychlovac
(trimetylbenzén) Pri mnoZstve zachytenych
zluCenin v bunicitej vate sa objavuje pomerne
vyrazny pokles v porovnani so vzorkami
hasiacej vody.
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Fig. 1 Peak area of selected substances after EPS burning

Obr. 1 Plocha pikov vybranych zlt¢enin po horeni EPS

Figure 2 shows a comparison of the recovery
of toluene from each matrix by different
methods of taking out extinguishing water.
From a comparison of the yields of the different
sampling methods for toluene is clear that the
collection of extinguishing water (EW) is the
most efficient except for the EPS matrix.

Na obrazku 2 je zobrazené¢ porovnanie
vytaznosti toluénu, z kazdej matrice réznymi
metédami odberu hasiacej vody. Z porovnani
vytaznosti roznych metdd odberu pre toluén je
zrejmé, Ze odber hasiacej vody (EW) je
najucinnejsi az na vynimku matrice EPS. Po
hasiacej vode (EW) je porovnatelna ucinnost’
odberu absorpciou v kozmetickej vate (CosC
EW). Najmenej G¢inné sa pri horeni vsetkych
matric javi byt pouzitie metédy absorpcie
Vv bunicitej vate (CellC EW).
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Fig. 2 Toluene yield comparison

Obr. 2 Porovnanie vytaznosti toluénu

Delta 2020, 14(1):40-57

50



14(1): 40-57, 2020

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2020.14.1.84

After the extinguishing water (EW), the
collection efficiency is comparable by
absorption in cosmetic cotton wool (CosC EW).
The use of the cellulose wadding (CellC EW)
absorption method appears to be least effective
in burning all matrices.

Figure 3 shows a comparison of the yield of
1,3,5-trimethylbenzene from different matrices.
It is a substance that is characteristic for
gasoline. When burning a straw matrix, the use
of cosmetic cotton wool (CosC EW) seems to
be most effective. In general, the use of
cosmetic cotton wool is the most effective
method if we do not consider the reference
method — extinguishing water collection (EW).
Interestingly, when burning a natural polymer
(straw), the efficiency of both absorption
methods is higher compared to other matrices.
The efficiency of both absorption methods
decreases from straw, through PUR to EPS.

Na obrazku 3 je zobrazené porovnanie
vytaznosti latky 1,3,5-trimetylbenzén
z roznych matric. Jedna sa o latku, ktora je
charakteristicka pre benzin. Pri horeni matrice
slamy sa javi byt pouzitie kozmetickej vaty
najucinnejsie (CosC EW). Vo vSeobecnosti je

pouzitie kozmetickej vaty najucinnejSou
metodou, ak neberieme v uvahu referenént
metodu — odber hasiacej vody (EW).

Zaujimavostou je, ze pri horeni prirodného
polyméru (slamy) je ucinnost’ oboch metod
absorpcie v porovnani s ostatnymi matricami
vyssia. Uginnost’ oboch metdd absorpcie klesa
od slamy, cez PUR az po EPS.

Pri porovnani zastupenia urcitych latok, vo
vybranych metddach odberu vzoriek sa zistilo,
ze pri kazdom materiale, sa javi byt’ ind technika
odberu ucinnejSou. Pri odbere vzoriek slamy
s urychlovacom je najvhodnejSou metédou
odberu pouzitie kozmetickej vaty (CosC EW),
nasledne odber samotnej hasiacej vody (EW)
a ako najmenej t¢inné je pouzitie bunicitej vaty
(CellC EW).
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Fig. 3 1,3,5-trimethylbenzene yield comparison

Obr. 3. Porovnanie vytaznosti 1,3,5-trimetylbenzénu

When comparing the proportion of certain
substances, in selected sampling methods,
itwas found that for each material, a different
sampling technique appears to be more
effective. When sampling straw with an
accelerator, the most suitable method of
sampling is the use of cosmetic cotton wool
(CosC EW), followed by the collection of fire-
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Pri horeni PUR peny je najacinnejSie
odoberat’ priamo hasiacu vodu. Odber hasiacej
vody absorpciou buniCitou vatou je najmenej
ucinny aj v pripade horenie EPS, najlepSou
metdédou je pouzitie sorpéného materialu —
kozmetickej vaty, a nasledne vody.

Pocas hasiacich prac mozu hasiace latky
prispiet’ aj k zmenam produktov nachadzajicich
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fighting water itself (EW) and the least effective
is the use of cellulose cotton wool (CellC EW).

When burning PUR foam, it is most effective
to take the extinguishing water directly. The
collection of extinguishing water by absorption
with cellulose wadding is the least effective
even in the case of burning EPS, the best
method is the use of sorption material —
cosmetic wadding, and then water.

During the firefighters intervention,
extinguishing agents can also contribute to
changes in the products in the fire debris. These
fire suppressants can have two effects. They can
lead to a reduction in the amount of ILR, or they
can contribute to the presence of interfering
products [13].

Some authors have stated that the use of
other fire extinguishing media, such as powder
or foam has different effects compared to water
alone [35]. Monitoring the chromatograms
obtained after ectinction the fire with aqueous
film-forming foams (AFFF) confirmed that the
compounds change during pyrolysis because
the lighter foamed hydrocarbon fractions are
retained [36].

On the contrary, other authors have
concluded that the use of compressed air foam
did not significantly interfere with the
identification of hydrocarbon fuels in fire
residues [37, 38]. There are many different
types of foams and powders that can affect the
conclusions in different ways. This fact can also
be influenced by various additives in fire-
fighting foams e.g. bacteria that are added to
some extinguishing foams [10].

Jhaumeer-Laulloo et al. [39] performed an
experiment using various kitchen detergents
that can be mixed with water in a fire. They
concluded that some of them contain high
amounts of alkylbenzenesulfonates, which can
produce alkylbenzenes by thermal degradation.
In pyrolysis these alkylbenzenes can cleave
toluene, ethylbenzene, xylenes, propylbenzene,
indan or naphthalenes, which are gasoline
compounds. The presence of such relatively
inconsistent substances in small amounts can
also be a source of interference. For this reason,
the performer must be aware of the effects of
surfactants [39].

When comparing the state of samples taken
from fire sites, the vast majority are solid state
samples. Water samples represent only 5 % of
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sa v pritomnych troskéach. Tieto prostriedky na
potlacenie poziaru mézu mat’ dva t€inky. Mézu
viest’ k znizeniu mnozstva ILR, alebo mdzu
prispievat  k  pritomnosti interferujicich
produktov [13].

Niektori autori uviedli, ze pouzitie inych
hasiacich médii, ako napr. prasku a peny ma
odlisné ucinky v porovnani so samotnou vodou
[35]. Pri sledovani ziskanych chromatogramov
po uhaseni poziaru s vodnymi filmotvornymi
(AFFF) sa potvrdilo, ze zluceniny sa menia
pocas pyrolyzy, pretoze lahSie penové
uhl'ovodikové frakcie su zachované [36].

Naopak, ini autori dospeli k zaveru, Zze
pouzitie stlacenej vzduchovej peny vyznamne
nezasahovalo do identifikacie uhl'ovodikovych
paliv v poziarnych zvyskoch [37, 38]. EXistuje
mnoho roznych druhov pien a praskov, ktoré
mozu rézne ovplyvnit’ zavery. Tato skuto¢nost’
mozu ovplyviiovat’ aj rozne primesi V hasiacich
penach, napr. baktérie, ktoré sa pridavaju do
niektorych hasiacich pien [10].

Jhaumeer-Laulloo akol. [39] vykonali

experiment, pri ktorom pouzili rézne kuchynské
saponaty, ktoré sa mozu zmiesat’ s vodou pri
poziari. Dospeli k zaveru, ze niektoré z nich
obsahuju  vysoké mnozstvo alkylbenzén-
sulfonatov. ktoré tepelnou degradiaciou mozu
produkovat’ alkylbenzény. Pri pyrolyze sa mézu
tieto alkylbenzény Stiepit’ na toluén, etylbenzén,
xylény, propylbenzén, indan alebo naftalény, co
st zluCeniny pochadzajice z benzinu. Aj
pritomnost’ takychto relativne nekonzistentnych
latok v malych mnozstvach méze byt zdrojom
interferencie. Ztohto dbévodu si musi byt
vykonavatel analyzy vedomy vplyvom
povrchovo aktivnych latok [39].
Pri porovnani skupenstva odobratych vzoriek
Z miest poziaru ide v drvivej vicsine o vzorky
tuhého skupenstva. Vzorky vody predstavujt
len 5 % zo vsetkych vzoriek ziskanych pri
procese zistovania [40]. Pouzitie vody pri
haseni do takej miery neovplyviiuje vznik resp.
zmenu pritomnych zlacenin, nakolko sa
v troskach a v popole na poziarisku Vv ur¢itom
mnozstve prirodzene nachadza. Dovodov jej
pritomnosti je hned’ niekol'ko, ato vzdusna
vlhkost, zrazky a aj dosledok hasenia [41].

Poveternostné  podmienky  ovplyviuju
predovsetkym lahSie zlozky benzinu, rovnako
tak moézu niektoré zliCeniny podliehat
mikrobialnej degradacii. Chalmers et al. [42] sa
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all samples obtained in the detection process
[40]. The use of water for extinguishing to such
an extent does not affect the formation or
alteration of the compounds present, as it is
naturally present in a certain amount in the
debris and in the ash on the fire. There are
several reasons for its presence, namely
humidity, precipitation, and the consequence of
extinguishing [41].

Weather conditions are mainly affected by
the lighter components of gasoline, as well as
some compounds may be subject to microbial
degradation. Chalmers et al. [42] studied these
two negative effects, deliberately exposing
samples to weather conditions. They found that
1,3,5-trimethylbenzene and 2-ethyltoulene were
the least susceptible to both factors [42].

Aliafio-Gonzaélez et al. [43] investigated the
weathering process of gasoline. The results
showed that sampling time is crucial in environ-
ments where the presence of petrol is suspected.
It was observed that after 6 hours, the gasoline
lost most of its signal intensity and changed
dramatically after this time. Its significant
change occurred between 0 and 6 h with
a dramatic decrease in signal intensities and
ratios(m/z), which means that the weathering
process starts strongly during the first hours
[43].

Ferreiro-Gonzalez et al. [44] investigated the
influence of water species on the possibility of
determining petroleum-based substances. They
focused their attention on the determinability of
oil fractions in fresh as well as salt water. When
analysing petroleum substances from fresh
water, they found that it is possible to monitor
the grouping and aggregation of substances in
individual samples. In most cases, however,
specific signals were present which were more
intense than others [44].

Tankiewicz, Morrison and Biziuk have
discussed the interaction of matrix and
extinguishing water [45]. An analysis of
unfiltered water used to extinguish a simulated
household fire was performed with the
materials used: plastic, carpet, glass, clothing,
rubber, etc. From the obtained results, it can be
stated that all hydrocarbons were sufficiently
separated, except for p-xylene and m-xylene,
which were leached from the column
simultaneously. The authors proved by the
results that the type of matrix and pyrolysis
products from different types of materials
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zaoberali Studiom tychto dvoch negativnych
ucinkov, zamerne vystavili vzorky pdsobeniu
poveternostnych ~ podmienok.  Zistili, Ze
najmenej ovplyvnitelnymi latkami voci obom
faktorom  boli  1,3,5-trimetylbenzén a 2-
etyltoulén [42].

Aliafio-Gonzalez et al. [43] skimali process
zvetravania benzinu. Vysledkami dokdzali, ze
¢as odberu  vzorieck je  rozhodujtci
v prostrediach, kde existuje podozrenie na
pritomnost’ benzinu. Pozorovalo sa, ze po
6 hodinach benzin stratil va¢Sinu svojej
intenzity signalu a po tomto ¢ase sa dramaticky
zmenil. K jeho vyznamnej zmene doslo medzi
0a 6 h so zretelnym poklesom intenzit a
pomerov signalov (m/z), ¢o znamena, Ze proces
zvetravania silne zacina pocas prvych hodin
[43].

Ferreiro-Gonzalez et al. [44] skamali vplyv
druhu vody na moznosti stanovenia latok na
baze ropy. Svoju pozornost zamerali na
stanovitelnost’” ropnych frakcii v sladkej
arovnako aj slanej vode. Pri analyze ropnych
latok zo sladkej vody zistili, Ze v jednotlivych
vzorkdch je mozné sledovat’ zoskupovanie
a zhlukovanie latok. Vo vicsine pripadov vSak
boli pritomné S$pecifické signaly, ktoré boli
intenzivnejSie ako ostatné [44].

Interakciou matrice ahasiacej vody sa
zaoberali Tankiewicz, Morrison a Biziuk [45].
Bola vykonana analyza nefiltrovanej vody
pouzitej na uhasenie simulovaného poziaru
domacnosti S pouzitymi materialmi: plast,
koberec, sklo, odev, guma, a. i. Zo ziskanych
vysledkov mozno konstatovat, Zze vSetky
uhl'ovodiky boli dostato¢ne separované, okrem
p-xylénu a m-xylénu, ktoré boli eluované
Z kolény sucasne. Autori vysledkami dokazali,
ze druh matrice a produkty pyrolyzy z r6znych
druhov materidlov pritomnych na poziarisku
nemali na vysledky Ziadny vplyv [45].

4 Zaver

Prispevok sa zaobera skimanim moznosti
detekcie rezidui benzinu pouzitého ako
urychllova¢ horenia v hasiacej vode po horeni
matric prirodnych a syntetickych polymérnych
materialov (slama, PUR, EPS) so zameranim na
porovnanie roznych metéd odberu hasiacej
vody.

Po spaleni a uhaseni bola odoberana hasiaca
voda priamo absorpciou v kozmetickej vate
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present at the fire place had no effect on the
results [45].

4 Conclusions

The paper deals with the research of the
possibility of determination residues of gasoline
used as a flame accelerant in extinguishing
water after burning matrices of natural and
synthetic polymeric materials (straw, PUR,
EPS) with the focus on the comparing different
methods of extinguishing water collection.

After incineration and extinction, the
extinguishing water was taken directly, by
absorption in cosmetic cotton wool and by
absorption in cellulose cotton wool. In all
samples, the captured volatile compounds were
determined by the combination of HS-GC-MS.
Depending on the type of matrix, 15 to 38
compounds have been identified. The obtained
results indicate the diversity of analyte
concentration from different methods of
extinguishing water collection. Absorption in
cosmetic cotton wool can be described as the
most suitable method when the compared
amount of the identified compounds was always
more than 100 % on average. The determined
amount of compounds trapped by the cellulose
wadding was in each case less than the amount
determined in the extinguishing water. It would
be ideal to collect and analyse extinguishing
water in combination with the collection and
analysis of solid residues after afire to
determine the residues of combustion
accelerators. In real cases of sampling from the
fire place, the collection of extinguishing water
is almost impossible. Extinguishing water is lost
by infiltration and run-off, and by the time of FI
arriving, there is usually not enough water
available for collection. The firefighters from
the Fire and Rescue Service, whose priority is
to save lives, property, stop the spread and fight
the fire, do not have time to take samples of
extinguishing water in addition to the
firefigting. However, taking extinguishing
water in close proximity to afire can play
acrucial role in fire investigating as time-
shifted sampling of a fire can cause ,,loss“of the
used fire accelerator due to ambient conditions
or its natural decomposition. Until the arrival of
FI the solution could be the use of suitable
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a absorpciou v buniéitej vate. Vo vsetkych
vzorkach boli stanovené zachytené prchavé
zluceniny kombinaciou HS-GC-MS.
V zavislosti od druhu  matrice  bolo
identifikovanych 15 az 38 zlucenin. Ziskané
vysledky  poukazuji na  premenlivost’
zakoncentrovania analytu z roéznych metod
odberu hasiacej vody. Ako najviac vhodnu
metodu je mozné oznacit  absorpciu
v kozmetickej vate, ked’ porovnavané mnozstvo
identifikovanych zli¢enin bolo v priemere vzdy
viac ako 100 %. Stanovené mnozstvo zlucenin
zachytenych prostrednictvom bunicitej vaty
bolo v kazdom pripade menSie ako mnozstvo
stanovené v hasiacej vode. Idedlne by bolo pre
stanovenie rezidui akceleratorov  horenia
odoberat  aanalyzovat  hasiacu  vodu
Vv kombinécii s odberom a analyzou tuhych
zvyskov po poziari.

V redlnych  pripadoch  odberu  vzoriek
z poziariska je odber hasiacej vody takmer
nemozny. Hasiaca voda sa vsakovanim
a odtekanim straca a do prichodu ZPP zvicsa
nie je kdispozicii dostatoéné mnozstvo na
odber. Zasahujici prislusnici Hasi¢ského
a zachranného zboru, ktorych prioritnou
ulohou je zachrana zivotov, majetku,
zastavenie Sirenia a zdolania ohnia, nemaju
popri zasahu ¢as odoberat’ vzorky hasiacej
vody. Odoberanie hasiacej vody tesne po
poziari vSak modze zohrat rozhodujicu
ulohu pri stanoveni pri€iny vzniku poZiaru,
nakol’ko odoberanie vzoriek s poziariska
S ¢asovym posunom mdze sposobit’ ,,straty*
pouzitého urychlovaca horenia vplyvom
podmienok okolia, ¢i jeho prirodzenym
rozkladom. RieSenim by do prichodu ZPP
mohlo byt pouzitie vhodnych sorpénych
materialov (napr. kozmetickej a bunicitej vaty),
ktorych aplikacia je ¢asovo nenarocna aj pre
zasahujucich hasic¢ov.
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