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Abstract

The aim of the study was to assess the effectiveness of purification of spirit preparations denatured by Bitrex by means of sodium
hyphochlorite. The subject matter was chosen following analysis of evidential material submitted to the Institute, which indicated
that such a process might be applied by companies trading in products prepared on the basis of alcohol, e.g. windscreen washers,
disinfectants, alcoholic solvents, or barbecue lighting fluid. High-performance liquid chromatography (HPLC) was used in the
analysis and the obtained results were confirmed by means of mass spectrometry (MS). The addition of sodium hypochlorite to
spirit preparations causes the formation of a white precipitation, the amount of which increases together with an increase in the
amount of sodium hypochlorite added to the solution. An increase in the amount of added sodium hypochlorite causes a decrease
in the concentration of denatonium benzoate. Introduction of sodium hypochlorite at a concentration of 12—15% active chlorine
in an amount corresponding to 0.05 ml per 1 litre of spirit denatured by Bitrex at 3 mg/l caused a decrease in denatonium ions con-
centration in the solution, whereas addition of an amount corresponding to 0.20 ml/1 of spirit caused its disappearance. The lack of
denatonium ions in the solution meant that the concentration of Bitrex in the solution was below the limit of detection and, thus, it
was practically removed. Such a small addition of sodium hypochlorite does not significantly influence the pH of the solution.
Disappearance of denatonium ions also caused a disappearance of the characteristic bitter taste of Bitrex, which was assessed by
means of an organoleptic examination. Addition of the mentioned amounts of sodium hypochlorite did not cause a decrease in the
concentration of benzoate ions. Since consumer (beverage) spirits do not contain benzoate ions, their detection in a seized alco-
holic beverage indicates with high probability that it was previously denatured by Bitrex. The benzoate ions can also be removed
from solution by addition of sodium hypochlorite, but the amount required in this case is significantly higher: approximately
80 ml per 1 litre of spirit denatured by 3 mg of Bitrex. In this case, the pH of the solution is significantly raised (pH = 11-12),
which makes it unsuitable for consumption. Such a product would have to be further purified before being introduced onto the il-
legal market.
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1. Introduction characterised by a very intensive, bitter taste, which
means that a very small addition makes products un-

Denatonium benzoate, Bitrex, is a substance that suitable for consumption. Therefore, it is an ideal addi-
has been used all over the world for many years to de- tive to prevent people from accidentally ingesting
nature industrial alcohol. The common name for this liquids such as detergents, disinfectants, cleaning flu-

chemical, denatonium, alludes to this application. It is ids, and garden and horticultural products. Differences
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in perception of its bitter taste have also been observed
in children, adults and elderly persons [10]. The data
indicate that the addition of denatonium benzoate
would be expected to significantly reduce, but most
likely not eliminate, the probability of an accidental in-
gestion of products prepared on the basis of alcohol
denatured by this substance [1, 6]. Widespread appli-
cation of this compound has started in the United
States. At the beginning of the nineties, in Oregon,
mandatory addition of this denaturant to automotive
products containing at least 10% of ethylene glycol or
at least 4% of methanol was introduced [4]. In 1995,
the Toxic Household Products Statute required the ad-
dition of denatonium benzoate at a concentration of
30-50 ppm with the intention of reducing the fre-
quency of serious paediatric intoxications with these
products [9]. Since that time, many papers indicating
the preventative action of denatonium benzoate have
been published [2, 8, 11].

Denatonium benzoate is a denaturing agent for
ethyl alcohol, listed in the decree of the Ministry of
Agriculture and Rural Development of 11 August
2003 on agents permitted to denature ethyl alcohol [4].
Although this compound has been listed as a denatur-
ing agent for many years, it is only in the last few years
that a significant increase in its use has been observed.
There may be several reasons for this. Its addition does
not influence the basic physicochemical properties of
ethyl alcohol, because the amount of denatonium ben-
zoate that should be added in accordance with the
above mentioned decree is small, i.e. 0.3 g per 100 | of
100% ethyl alcohol. Bitrex can also be added in the
form of 20% alcoholic solution.

The only feature of ethyl alcohol that changes sig-
nificantly after addition of Bitrex is its taste. Previ-
ously, the most popular denaturant in Poland was
methanol. Unfortunately, it led to many deaths of per-
sons consuming industrial alcohol. In 2002, methanol
was withdrawn from the list of denaturants of ethyl al-
cohol. The second important reason for the growth in
the popularity of Bitrex application is the tax regula-
tions currently in force in Poland. According to the de-
cree of the Ministry of Finance dated 26 April 2004 on
exemption from excise tax [5], “the sale of ethyl alco-
hol denatured by denatonium benzoate in amounts not
less than 1 g per 100 dm® of 100% vol. ethyl alcohol,
dyed violet by addition of pure crystal violet in an
amount not less than 160 mg per 100 dm® of 100% vol.
ethyl alcohol, in individual containers of volume up to
1 litre” is excluded from special tax supervision. It is
highly probable that this clause led to great amounts of
ethyl alcohol denatured by Bitrex being present on the
illegal market. The intense bitter taste of alcohol dena-

tured by Bitrex, however, remains a problem for illegal
producers of alcoholic beverages. However, previous
studies by the authors [12] and operational materials of
the police have indicated that illegal producers remove
Bitrex by addition of sodium hypochlorite to the dena-
tured alcohol.

2. Materials and methods

The standard of denatonium benzoate purchased
from Sigma-Aldrich was used in the study. Standard
solutions of Bitrex were prepared by weighing out an
appropriate amount of denatonium benzoate and dis-
solving in rectified spirit produced by Polmos War-
szawa, Poland. The accuracy of the Bitrex concentra-
tion in the prepared solution was assessed in inter-lab-
oratory examinations. Sodium hypochlorite at a con-
centration of 12—14% active chlorine, purchased from
Idalia, was applied in the study.

Determinations were also performed on evidential
material. Samples of ethyl alcohol secured over the
course of several months in 2005 from a plant dealing
with its processing were used for this purpose. This
plant purchased the denatured alcohol and produced
different products, including disinfectants, window
cleaners or windscreen washer fluid.

In order to determine the denatonium benzoate
content of the examined liquids, high-performance liq-
uid chromatography (HPLC) was applied. Measure-
ments were performed using a LaChrom (Merck/Hi-
tachi) instrument, which was equipped with a diode-
array detector (DAD). Chromatographic separation
was achieved on a Chromolith Performance RP-18e
(100 x 4.6 mm) monolithic column. Measurements of
denatonium benzoate concentration were taken at two
wavelengths: 205 nm and 230 nm. Mass spectrometry
(MS) was applied to confirm the presence of dena-
tonium benzoate. A Quattro Micro API mass spec-
trometer manufactured by Micromass was applied in
the study. Both positive (ES+) and negative (ES—) ion-
isation mode were used. The analytical details of both
chromatographic methods have been published in an-
other paper by the authors [12].

In order to assess the influence of sodium
hypochlorite on the content of denatonium benzoate in
denatured alcohol, a stock standard solution was pre-
pared by addition of Bitrex to rectified alcohol. The
minimal amount required by the decree of the Ministry
of Agriculture and Rural Development, that is 3 mg/I,
was used. Then, 100-ml portions of solution were mea-
sured into flasks and sodium hypochlorite at a concen-
tration of 12-14% active chlorine was added in the
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following amounts: O ul, 5 ul, 10 pl, 15 pl and 20 pl. In
order to maintain a constant total volume of the solu-
tion, appropriate volumes were removed from the
flasks before addition of hypochlorite. This ensured
that the concentration of Bitrex did not decrease due to
sample dilution. An identical procedure was repeated
with greater additions of sodium hypochlorite. 10-ml
portions of denatured alcohol were measured into
flasks and sodium hypochlorite was added in the fol-
lowing amounts: 0 ul, 50 pul, 100 pl, 200 pl, 400 pl,
600 pl and 800 pl. The above amounts were selected
on the basis of preliminary studies.

3. Results and discussion

The HPLC method used by the authors [12] al-
lowed two chromatographic peaks to be obtained dur-
ing analysis of standard solutions of denatonium
benzoate. The first peak at retention time 9.05 min cor-
responded to benzoate ions, whereas the second one, at
retention time 10.30 min, was dependent on the con-
centration of denatonium ions (it originated from
denatonium ions or from undissociated molecules of
denatonium benzoate). Measurement was performed
at 230 nm for the benzoate ion and at 205 nm for the
ion dependent on denatonium concentration.

The addition of sodium hypochlorite to ethyl alco-
hol denatured by Bitrex causes formation of a white
gelatinous precipitation. Its volume and the results of
elemental analysis performed by means of the
SEM-EDX method as well as spectrometric analysis in
the infra-red region (FT-IR) indicate that the main
component is sodium hypochlorite. The precipitation
of sodium hypochlorite after addition to denatured al-
cohol could result from the lower solubility of this salt
in alcohol compared with water.

In order to remove the formed precipitates, the
samples were centrifuged. Then, the liquid located
above the precipitate was transferred into measure-
ment vials and HPLC analysis was performed. In order
to assess the measurements precision, three samples
were collected from each solution. The results are
shown in Figure 1.

As can be seen from data shown in Figure 1, the ad-
dition of sodium hypochlorite significantly influences
the content of denatonium benzoate in denatured
spirit. Adding as little as approximately 5 ul per
100 ml of spirit, which is equivalent to approximately
0.05 ml per 1 litre of spirit, causes a decrease in peak
area at retention time 10.30 min, i.e. denatonium ions
or undissociated molecules of denatonium benzoate
(whose concentration also depends on the concentra-
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Fig. 1. The relationship between the areas of chromato-
graphic peaks originating from denatonium benzoate and the
amounts of sodium hypochlorite added to denatured spirit.

tion of denatonium ions). This means that the concen-
tration of denatonium benzoate has been lowered and,
therefore, the action of the denaturant has been weak-
ened. According to Polish law, such activity is a crime.
In accordance with Articles 13 and 14 of the Law dated
2 March 2001 on spirit production, production and
bottling of spirit products and production of tobacco
products [3] “any person that purifies denatured spirit
or otherwise reduces the action of a denaturing agent is
liable to a fine, a penalty of restriction of liberty, or im-
prisonment of up to 1 year. If the crime was the regular
source of income for the perpetrator, the person is lia-
ble to a penalty of imprisonment up to 3 years”.
Adding 20 pl of sodium hypochlorite to 100 ml of
denatured alcohol caused a disappearance of the peak
at retention time 10.30 min. This means that the con-
centration of Bitrex in solution was below the limit of
detection, which is 0.1 mg/l. Such a small addition of
sodium hypochlorite does not significantly influence
the pH of the solution. The result of performed
organoleptic examinations of the above liquid was
consistent with expectations, indicating that the char-
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acteristic bitter taste of Bitrex had disappeared. The
obtained product was difficult to distinguish from con-
sumer (beverage) alcohol.

Further addition of sodium hypochlorite to alcohol
denatured by Bitrex can also lead to the disappearance
of the peak at retention time 9.05 min, i.e. benzoate
ions. But the amount of sodium hypochlorite required
for this purpose is very large and amounts to about
80 ml per 1 litre of denatured spirit. Such great addi-
tion of a salt of a weak acid and strong base causes
a significant rise in pH (pH = 11-12). The consump-
tion of a strongly basic liquid is a threat to the health or
even life of consumers. In passing, it should be noted
that in the previous year, spirits with a very strong ba-
sic chemical reaction were delivered for investigation
to the Institute of Forensic Research. This may con-
firm the thesis that the mentioned procedure is applied
by illegal producers of alcoholic beverages. On the
other hand, it seems that the basic pH of spirit from
which Bitrex has been removed can be simply elimi-
nated, for example, by adding an appropriate amount
of acid.

The above results incline us towards the conclusion
that after addition of sodium hypochlorite to alcohol
denatured by Bitrex, there is a reaction of hypochlorite
anions with denatonium cations and probably co-pre-
cipitation of them with sodium hypochlorite ensues.
The added sodium hypochlorite can also oxidize the
denatonium ions (hypochlorite is a strong oxidant,
whereas Bitrex is sensitive to such substances). The
occurring processes cause a decline in Bitrex concen-
tration in solution. Adding large amounts of sodium
hypochlorite also causes the disappearance of the sec-
ond ion originating from Bitrex. This can result from
the precipitation of sodium benzoate as well as from
oxidation of compounds present in solution.

The above results were confirmed by means of
mass spectrometry. During analysis of alcohol dena-
tured by Bitrex in positive-ionisation mode, the peak
corresponding to the mass of the denatonium ion
(m/z = 325) was obtained, whereas in negative-ionis-
ation mode — the peak corresponding to the mass of
benzoate ion (m/z = 121). Next, samples of alcohol de-
natured by Bitrex with a small addition of sodium
hypochlorite (10 pl per 100 ml of denatured alcohol)
were analysed. In positive-ionisation mode, beside the
ion at m/z ratio = 325, an additional peak of mass 360
appeared (mass greater than that of chorine). In nega-
tive-ionisation mode, the configuration of peaks char-
acteristic for chloride derivatives was obtained.
Analysis of denatured spirit, to which was added so-
dium hypochlorite in an amount causing disappear-
ance of the peak at retention time 10.30 min on the

HPLC chromatogram, indicated disappearance of the
peak at m/z = 325, corresponding to denatonium ions.
Analysis of the solution in negative-ionisation mode
confirmed the presence of chloride derivatives. The
mass spectra of the mentioned solutions in positive-
ionisation mode are shown in Figure 2, whereas in
negative-ionisation mode — in Figure 3.

4. Results of evidential samples analyses

The worked out method of denatonium benzoate
determination and the results of the performed experi-
ments were utilised in expert opinions. The results of
examinations obtained in one of the cases are pre-
sented below.

A procurator conducting an investigation suspected
that, in a plant dealing with processing of denatured al-
cohol, the denaturant, i.e. Bitrex, was being removed.
The mechanism of this process was not known. The
plant bought the denatured alcohol and it was used for
production of different products, e.g. antibacterial fluid,
window cleaners or windscreen washer fluid. The lig-
uids and copies of plant norms used in preparing of the
products were submitted for examination.

Results of analyses by means of high-performance
liquid chromatography are shown in Table 1.

TABLE I. THE CONCENTRATION OF DENATONIUM
BENZOATE CALCULATED BY THE INDIRECT
METHOD USING THE CONCENTRATION OF
BENZOATE IONS (Chenzonc) AND DENATONIUM
IONS OR UNDISSOCIATED MOLECULES OF
DENATONIUM BENZOATE (Cgenatonium)

Evidence nr Chenzoate [Mg/1] Clenatonium [Mg/1]
1.2 1.0
1.3 1.1
1.1 -
1.1 -
1.9 -
1.8 -
1.4 -
1.8 -
1.4 -
1.7 -
2.1 -
11.5 9.1

O 0 9 & N B W o~

—_— =
b= O
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Fig. 2. Mass spectra of alcohol denatured by Bitrex in positive-ionisation mode: a) without sodium hypochlorite, b) after addition
of sodium hypochlorite in the amount of 100 pl/1, ¢) after addition of sodium hypochlorite in the amount of 80 ml/1.

As can be seen from data in Table I, the evidential
spirits can be divided into two or three groups. In evi-
dences 1 and 2, the concentrations of denatonium ben-
zoate calculated on the basis of two different
chromatographic peaks were equal (within the range
of analytical error of the method). In evidences 3—11,
the presence of benzoate ions was ascertained, but the
second peak at retention time 10.30 min was not de-
tected on HPLC chromatograms. In the case of the lig-
uid from evidence 12, the concentration of Bitrex
calculated on the basis of benzoate ions content was
higher than that calculated on the basis of analysis of
the second ion and the difference exceeded the
analytical error significantly.

The above liquids were also subjected to analysis
by means of mass spectrometry. In liquids of evi-
dences 1 and 2, the presence of denatonium ions was
confirmed (and thus that of Bitrex). Furthermore, the
results of the studies indicated that the above men-
tioned liquids do not contain products of the reaction

between denatonium benzoate and sodium hypochlo-
rite. The concentrations of Bitrex determined in the
liquids of evidences 1 and 2 were lower than the
amount required according to the decree of the Minis-
try of Agriculture and Rural Development and there-
fore, according to the regulation being in force, could
not be classified as denatured ethyl alcohol. On the
other hand, it has been observed in the practice of the
Institute of Forensic Research that 20% technical solu-
tion of Bitrex contains significantly lower amounts of
this substance. The concentration of Bitrex determined
in such liquids by means of the HPLC method was
10-12%. The liquids used for denaturation are exam-
ined before their use, but the analytical methods ap-
plied for this purpose are highly non-selective
(measurement of density is used most often). Thus, it is
possible that the lower content of Bitrex determined in
the liquids of evidences 1 and 2 resulted from its lower
content in the denaturing fluid.
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Fig. 3. Mass spectra of alcohol denatured by Bitrex in negative-ionisation mode: a) without sodium hypochlorite, b) after addition
of sodium hypochlorite in the amount of 100 pl/l, ¢) after addition of sodium hypochlorite in the amount of 80 ml/1.

Spectrometric analysis of the liquids of evidences
3—11 confirmed that they did not contain denatonium
ions (and therefore they did not contain Bitrex),
whereas the presence of mass peaks that could origi-
nate from the products of reaction between denato-
nium benzoate and sodium hypochlorite were detec-
ted. Therefore, one can assume that liquids of evi-
dences 3—11 contained denatonium benzoate (Bitrex)
and it was removed afterwards, e.g. by addition of so-
dium hypochlorite.

Analysis of the liquid of evidence 12 by means of
mass spectrometry confirmed that it contains dena-
tonium benzoate (Bitrex). In the obtained mass spec-
tra, both in positive- and negative-ionisation mode,
additional peaks that probably came from products of
the reaction between denatonium benzoate and sodium
hypochlorite were observed. They were identical to
those obtained during the analysis of standard solu-
tions of denatonium benzoate in spirit to which sodium
hypochlorite had been added. This confirmed the hy-
pothesis resulting from analysis by means of the HPLC

method that some of the denatonium ions were re-
moved from evidence liquid 12, probably by addition
of sodium hypochlorite.

5. Conclusions

The results of performed studies show unambigu-
ously that the addition of sodium hypochlorite to ethyl
alcohol denatured by Bitrex causes partial or total re-
moval of this denaturant. The effectiveness of removal
depends on the volume of sodium hypochlorite added
to the solution.

The worked out procedure of spirit products exam-
ination by means of the HPLC method and mass spec-
trometry allows determination of the concentration of
denatonium benzoate (Bitrex) by the determination of
benzoate ions content as well as the content of benzo-
ate ions or molecules of denatonium benzoate. Analy-
sis of the content of these components allows us to
establish whether the examined liquid contains Bitrex,
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or whether it was denatured by Bitrex and purified af-
terwards. This information is of great importance in
the preparation of expert opinions for courts.
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OCENA EFEKTYWNOSCI METODY USUWANIA BENZOESANU
DENATONIUM (BITREXU) ZE SKAZONYCH WYROBOW
SPIRYTUSOWYCH ZA POMOCA PODCHLORYNU SODU

1. Wprowadzenie

Benzoesan denatonium (Bitrex) jest substancja sto-
sowang od wielu lat na calym $wiecie do skazania alko-
holu przeznaczonego do celow przemystowych. Gtowny
czlon nazwy tego zwiazku, denatonium, zwiazany jest
Z tym zastosowaniem, poniewaz pochodzi od angiel-
skiego stowa ,,denaturated”, czyli skazony (stad tez po-
chodzi polska nazwa ,,denaturat”). Charakteryzuje si¢ on
bardzo intensywnym, gorzkim smakiem, co powoduje, ze
juz niewielki dodatek Bitrexu czyni wyrob nienadajacym
si¢ do spozycia. Z tego wzgledu jest idealnym dodatkiem
zapobiegajacym przypadkowemu przyjmowaniu przez
ludzi takich ptynow, jak detergenty, srodki dezynfeku-
jace, ptyny czyszczace, srodki wykorzystywane w ogrod-
kach domowych czy produkty ogrodnicze. W badaniach
zauwazono roznice w percepcji jego gorzkiego smaku
u dzieci, dorostych i 0s6b starszych [10]. Dane wskazuja,
ze dodatek benzoesanu denatonium zdaje si¢ w znaczacy
sposob zmniejszac, choé nie do konca eliminowac, praw-
dopodobienstwo przypadkowego spozycia produktow
sporzadzonych na bazie spirytusu skazonego tym zwiaz-
kiem [1, 6]. Powszechnie zacz¢to stosowac ten zwiazek
w Stanach Zjednoczonych, gdzie na poczatku lat dzie-
wigcédziesiatych w stanie Oregon wprowadzono koniecz-
no$¢ dodawania go do produktow stosowanych w samo-
chodach, a zawierajacych co najmniej 10% glikolu etyle-
nowego lub co najmniej 4% metanolu [7]. Wydane
w 1995 roku rozporzadzenie dotyczace toksycznosci pro-
duktéw gospodarstwa domowego uznawalo wymodg do-
dawania do nich benzoesanu denatonium w st¢zeniu
30-50 ppm w celu zmniejszenia czgsto$ci powaznych
zatru¢ dzieci tymi produktami [9]. Od tego czasu opub-
likowano wiele prac wykazujacych na jego prewencyjne
dziatanie [2, 8, 11].

Benzoesan denatonium jest srodkiem skazajacym al-
kohol etylowy zgodnie z rozporzadzeniem Ministra Rol-
nictwa i Rozwoju Wsi z dnia 11 sierpnia 2003 r.
w sprawie §rodkoéw dopuszczonych do skazania alkoholu
etylowego [4]. Wprawdzie zwiazek ten znajdowal si¢ na
wykazie srodkow skazajacych juz od wielu lat, to dopiero
w ostatnich latach zauwazono znaczny wzrost jego uzy-
cia. Wynika¢ to moze z kilku przyczyn. Jego dodatek nie
wplywa na podstawowe wiasno$ci fizykochemiczne al-
koholu etylowego, poniewaz ilo$¢ benzoesanu denato-
nium, jaka nalezy dodaé¢ zgodnie z ww. rozporzadze-
niem, jest niewielka i wynosi 0,3 gna 1001 100% alkoho-
lu etylowego. Bitrex moze by¢ dodany rowniez w postaci

20% roztworu alkoholowego. Jedyna cecha alkoholu
etylowego, ktéra w znaczacy sposob zmienia dodatek Bi-
trexu, jest jego smak. Poprzednio najpopularniejszym
skazalnikiem w Polsce byt metanol, co niestety doprowa-
dzitlo do wielu zgondéw osdb spozywajacych alkohol
przemystowy. Metanol zostat w 2002 roku wycofany
z listy substancji stosowanych jako skazalniki alkoholu
etylowego. Drugim istotnym czynnikiem odpowiedzial-
nym za wzrost popularnosci stosowania Bitrexu sa obo-
wiazujace obecnie przepisy podatkowe. Zgodnie z roz-
porzadzeniem Ministra Finanséw z dnia 26 kwietnia
2004 r. w sprawie zwolnien od podatku akcyzowego [5],
ze szczegoOlnego nadzoru podatkowego wylacza sig
,sprzedaz alkoholu etylowego skazonego benzoesanem
denatonium w ilosci nie mniejszej niz 1 g/100 dm® alko-
holu etylowego 100% vol., zabarwionego na fioletowo
przez dodanie czystego fioletu krystalicznego w ilo$ci nie
mniejszej niz 160 mg/100 dm’ alkoholu etylowego
100% vol., w opakowaniach jednostkowych o pojemnos-
cido 1 litra”. Zapis ten spowodowat prawdopodobnie, ze
duza ilo$¢ alkoholu etylowego skazonego Bitrexem zna-
lazta si¢ na nielegalnym rynku. Problemem dla niele-
galnych producentéw napojow alkoholowych pozosta-
wat jednak intensywny, gorzki smak alkoholu skazonego
Bitrexem. Jednak, jak wynikalo z poprzednich badan
[12] oraz materialdbw operacyjnych policji, nielegalni
producenci usuwaja Bitrex poprzez dodanie do skazo-
nego alkoholu podchlorynu sodu.

2. Material i metody

W badaniach wykorzystano wzorzec benzoesanu de-
natonium zakupiony w firmie Sigma-Aldrich. Roztwory
wzorcowe Bitrexu sporzadzano poprzez odwazenie od-
powiedniej iloSci benzoesanu denatonium i rozciencze-
nie go spirytusem rektyfikowanym produkowanym przez
Polmos Warszawa. Doktadno$¢ stezenia Bitrexu w spo-
rzadzonym roztworze zostala oceniona w ramach badan
migdzylaboratoryjnych. Do badan zastosowano réwniez
podchloryn sodu firmy Idalia o stezeniu 12—14% aktyw-
nego chloru.

Ponadto przeprowadzono oznaczenia w materiale do-
wodowym. Wykorzystano w tym celu probki alkoholu
etylowego zabezpieczonego w przeciagu kilku miesigcy
2005 roku w zaktadzie zajmujacym si¢ jego przetwor-
stwem. Zaklad ten kupowat skazony alkohol, z ktérego
wyrabial rézne produkty, np. plyny antybakteryjne,
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ptyny do mycia szyb czy ptyny do spryskiwania szyb sa-
mochodowych.

W celu wyznaczenia zawarto$ci benzoesanu denato-
nium w badanych ptynach zastosowano metode¢ wysoko-
sprawnej chromatografii cieczowej (HPLC). Badania
przeprowadzono za pomoca urzadzenia LaChrom
(Merck/Hitachi) wyposazonego w detektor szeregu diod
(DAD). Rozdziat chromatograficzny byl prowadzony na
kolumnie monolitycznej Chromolith Performance RP-18e
(100 x 4,6 mm). Pomiary st¢zenia benzoesanu denatonium
byly wykonywane przy dwoch dlugosciach fali: 205 nm
1230 nm. Do potwierdzenia obecnosci benzoesanu dena-
tonium wykorzystano metode spektrometrii masowej
(MS). W badaniach zastosowano spektrometr masowy
Quattro Micro API firmy Micromass. Pomiaréw dokony-
wano zaréwno przy dodatniej, jak i ujemnej jonizacji.
Szczegodly analityczne obu metod chromatograficznych
zostaly opublikowane w odrebnej pracy autorow [12].

W celu oceny wptywu podchlorynu sodu na zawar-
to$¢ benzoesanu denatonium w skazonym alkoholu spo-
rzadzono podstawowy roztwor wzorcowy poprzez do-
danie do spirytusu rektyfikowanego Bitrexu w mini-
malnej ilo§ci wymaganej przez rozporzadzenie Ministra
Rolnictwa i Rozwoju Wsi, tj. 3 mg/l. Nastgpnie do kolb
miarowych odmierzono po 100 ml tego roztworu i do-
dano podchloryn sodu o stgzeniu 12-14% aktywnego
chloru w nastepujacych ilosciach: 0 pl, 5 ul, 10 pl, 15 pl
120 pl. Przed dodaniem podchlorynu usunigto z kolb od-
powiednie objgtosci roztworu, aby nie zwigkszaé catko-
witej objgtosci roztworu, a tym samym nie zmniejszac¢
stezenia Bitrexu. Identyczny eksperyment przeprowa-
dzono dla wigkszych dodatkéw podchlorynu sodu. Do
kolb miarowych odmierzono po 10 ml roztworu skazone-
go alkoholu i dodano podchloryn sodu w nastgpujacych
ilosciach: 0 ul, 50 pl, 100 pl, 200 pl, 400 pul, 600 pl
1 800 pul. Powyzsze ilo$ci zostaly dobrane na podstawie
badan wstgpnych.

3. Wyniki i ich oméwienie

Stosowana przez autoré6w metoda HPLC [12] poz-
wolita na uzyskanie podczas analizy roztworéw wzor-
cowych benzoesanu denatonium dwoch pikéw chroma-
tograficznych, z ktorych pierwszy, o czasie retencji
9,05 min, odpowiadal jonowi benzoesanowemu, nato-
miast drugi, o czasie retencji 10,30 min, byt zalezny od
stezenia jondw denatonium (pochodzil badz to od sa-
mych jonow badz tez niezdysocjowanych czasteczek
benzoesanu denatonium). Dla jonu benzoesanowego po-
miar zostat przeprowadzony przy 230 nm, natomiast dla
jonu zaleznego od stg¢zenia denatonium — przy 205 nm.

Dodanie podchlorynu sodu do alkoholu etylowego
skazonego Bitrexem powoduje wytracenie bialego, se-
rowatego osadu. Jego objgtos¢ oraz wyniki analizy pier-

wiastkowej przeprowadzonej za pomoca metody
SEM-EDX i analizy spektrometrycznej w podczerwieni
(FT-IR) wskazuja, ze jego glownym skladnikiem jest
podchloryn sodu. Wytracenie si¢ podchlorynu sodu po
dodaniu do roztworu skazonego alkoholu moze wynikac
z mniejszej rozpuszczalnosci tej soli w alkoholu w po-
rownaniu z woda.

W celu usunigcia powstalych osadéw probki odwiro-
wano. Nastepnie plyn znad osadu przeniesiono do na-
czyniek pomiarowych i poddano analizie metodqa HPLC.
W celu oceny precyzji oznaczen z kazdego roztworu po-
brano po trzy probki. Wyniki przedstawiono na rycinie 1.

Jak wynika z tych danych, dodatek podchlorynu sodu
wplywa istotnie na zawarto$¢ benzoesanu denatonium
w skazonym alkoholu. Dodanie juz niewielkiej jego ilos-
ci (rzedu 5 ul na 100 ml spirytusu, co odpowiada okoto
0,05 ml na 1 litr spirytusu) powoduje zmniejszenie po-
wierzchni piku o czasie retencji 10,30 min, czyli jonow
denatonium lub niezdysocjowanych czasteczek benzo-
esanu denatonium (réwniez zaleznych od st¢zenia jonow
denatonium). Oznacza to spadek st¢zenia benzoesanu de-
natonium w skazonym spirytusie, a tym samym ostabie-
nie dzialania $rodka skazajacego. Taka dziatalno§¢ we-
dtug polskiego prawa jest przestgpstwem. Zgodnie z art.
13114 ustawy z dnia 2 marca 2001 r. o wyrobie spirytusu,
wyrobie 1 rozlewie wyrobow spirytusowych oraz wy-
twarzaniu wyrobow tytoniowych [3] ,kto odkaza spiry-
tus skazony lub w jakikolwiek sposdb ostabia dziatanie
srodka skazajacego, podlega grzywnie, karze ogranicze-
nia wolnosci albo pozbawienia wolnosci do roku. Jezeli
z popelniania tego przestgpstwa sprawca uczynil sobie
state zrodlo dochodu, podlega karze pozbawienia wol-
nosci do lat 3”.

Dodanie 20 pl podchlorynu sodu do 100 ml ska-
zonego spirytusu spowodowato zanik piku o czasie re-
tencji 10,30 min, co oznacza, ze st¢zenie Bitrexu w roz-
tworze bylo ponizej granicy wykrywalnos$ci metody wy-
noszacej 0,1 mg/l. Tak niewielki dodatek podchlorynu
sodu nie wplynat w istotny sposob na odczyn chemiczny
roztworu (pH). Przeprowadzone badania organoleptycz-
ne powyzszego ptynu wskazaly zgodnie z oczekiwaniem,
ze gorzki smak charakterystyczny dla Bitrexu zanikl,
a otrzymany produkt byl trudny do odréznienia od alko-
holu konsumpcyjnego.

Dalsze dodawanie podchlorynu sodu do alkoholu ety-
lowego skazonego Bitrexem moze doprowadzi¢ réwniez
do zaniku piku o czasie retencji 9,05 min, a wigc jonu
benzoesanowego. Jednak ilo$¢ podchlorynu sodu, jaka
nalezy uzy¢ w tym celu, jest bardzo duza i wynosi okoto
80 ml na 1 litr skazonego spirytusu. Tak duzy dodatek
soli stabego kwasu i mocnej zasady powoduje znaczny
wzrost odczynu chemicznego (pH = 11-12). Spozycie
ptynu o odczynie mocno zasadowym stanowi jednak za-
grozenie dla zdrowia, a nawet zycia potencjalnych kon-
sumentow. Na marginesie nalezy zaznaczy¢, ze w ubieg-
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tym roku do Instytutu Ekspertyz Sadowych dostarczono
do badania spirytusy majace silnie alkaliczny odczyn. Po-
twierdza¢ to moze tezg, ze proceder dodawania pod-
chlorynu sodu jest stosowany przez nielegalnych produ-
centow napojow alkoholowych. Wydaje si¢ jednak, ze
odczyn zasadowy spirytusu, z ktdrego usunigto Bitrex,
mozna w prosty sposob wyeliminowac¢ np. poprzez do-
danie odpowiedniej ilosci kwasu.

Powyzsze wyniki sktaniaja do wniosku, Zze po doda-
niu podchlorynu sodu do alkoholu etylowego skazonego
Bitrexem dochodzi do reakcji aniondw podchloryno-
wych z kationami denatonium i nastgpuje prawdopodob-
nie ich wspolstracanie ze stracaniem samego podchlo-
rynu sodu. Dodany podchloryn sodu moze rowniez utle-
nia¢ jony denatonium (podchloryn nalezy do silnych
utleniaczy, na ktére Bitrex jest wrazliwy). Zachodzace
procesy powoduja spadek st¢zenia Bitrexu w roztworze.
Dodanie duzych ilosci podchlorynu sodu powoduje zanik
drugiego jonu pochodzacego z Bitrexu. Moze to wynikaé
z wytracenia benzoesanu sodu lub tez moze dochodzi¢ do
utleniania zwiazkéw obecnych w roztworze.

Powyzsze wyniki potwierdzono badaniami z zastoso-
waniem spektrometrii mas. W trakcie analizy spirytusu
skazonego Bitrexem w jonizacji dodatniej uzyskano pik
odpowiadajacy masa jonowi denatonium (m/z = 325), na-
tomiast w jonizacji ujemnej — pik odpowiadajacy jonowi
benzoesanowemu (m/z = 121). Nastgpnie analizie pod-
dano spirytus skazony Bitrexem, do ktorego dodano nie-
wielka ilo$¢ podchlorynu sodu (10 ul/100 ml skazonego
alkoholu). Przy jonizacji dodatniej oprocz jonu o sto-
sunku m/z = 325 pojawil si¢ dodatkowy pik o masie 360
(masa wigksza o masg chloru). Przy jonizacji ujemnej
uzyskano uktady pikéw charakterystyczne dla chlorow-
copochodnych. Analiza skazonego spirytusu, do ktorego
dodano podchloryn sodu w ilosci powodujacej zanik piku
o czasie retencji 10,30 min na chromatogramie HPLC,
wskazata na zanik piku o m/z = 325, a wigc odpowia-
dajacemu jonom denatonium. Analiza tego roztworu
W jonizacji ujemnej potwierdzita obecnos¢ chlorowcopo-
chodnych. Widma masowe omawianych roztworéw przy
jonizacji dodatniej przedstawiono na rycinie 2, natomiast
przy jonizacji ujemnej — na rycinie 3.

4. Wyniki analiz prébek dowodowych

Opracowana metoda oznaczania benzoesanu dena-
tonium oraz wyniki przeprowadzonych eksperymentow
zostaly wykorzystane w rutynowej pracy przy sporzadza-
niu ekspertyz. Ponizej przedstawiono wyniki badan otrzy-
mane w jednej ze spraw.

Prokurator prowadzacy spraweg podejrzewat, ze w za-
ktadzie zajmujacym si¢ przetworstwem skazonego al-
koholu nastepuje usuwanie $rodka skazajacego, tj. Bit-
rexu. Mechanizm tego procesu nie byt znany. Zaktad ku-

powat skazony alkohol, z ktoérego wyrabiat rézne pro-
dukty, np. ptyny antybakteryjne, ptyny do mycia szyb czy
plyny do spryskiwania szyb samochodowych. Do badan
przestano ptyny oraz kopie norm zaktadowych stosowa-
nych przy sporzadzaniu produktow. W tabeli I zebrano
wyniku analiz metoda wysokosprawnej chromatografii
cieczowe;j.

Jak wynika z danych zawartych w tej tabeli, dowodo-
we spirytusy mozna podzieli¢ na dwie lub trzy grupy.
W dowodach nr 1 i 2 stezenie benzoesanu denatonium
wyznaczone na postawie dwoch réznych pikow chroma-
tograficznych byto jednakowe (w granicach btgdu anali-
tycznego metody). W dowodach nr 3—11 stwierdzono
obecnos¢ jonéw benzoesanowych, nie stwierdzono na-
tomiast na chromatogramach HPLC drugiego piku o cza-
sie retencji 10,30 min. W przypadku ptynu z dowodu
12 stezenie Bitrexu obliczone na postawie zawartosci jo-
néw benzoesanowych bylo wyzsze niz uzyskane na pod-
stawie analizy drugiego piku, a roéznica znacznie prze-
kraczata btad analityczny.

Powyzsze ptyny poddano rowniez badaniom za po-
moca spektrometru mas. W ptynach z dowodow 11 2 po-
twierdzono obecno$¢ jonéw denatonium (a tym samym
Bitrexu). Wyniki tych badan wskazaty rowniez, ze ww.
plyny nie zawieraja produktow reakcji benzoesanu dena-
tonium z podchlorynem sodu. Stwierdzone stezenia Bit-
rexu w ptynach z dowodéw 1 i 2 byly mniejsze niz
wymagana minimalna ilo§¢ zgodnie z rozporzadzeniem
Ministra Rolnictwa oraz Rozwoju Wsi i dlatego te ptyny
zgodnie z obowiazujacym prawem nie mogly by¢ zali-
czone jako skazony alkohol etylowy. Z drugiej jednak
strony z praktyki Instytutu Ekspertyz Sadowych wynika,
ze techniczny 20% roztwdr Bitrexu zawiera znacznie
mniejsze jego ilosci. Wyznaczone st¢zenie Bitrexu me-
toda HPLC w takich ptynach wynosito 10-12%. Ptyny
stosowane do skazania sa badane przed ich uzyciem, jed-
nak metody analityczne stosowane w tym celu sa wysoce
niespecyficzne (najczesciej do takich badan wykorzys-
tuje si¢ pomiar gestosci). Mozliwe jest zatem, Ze nizsza
zawartos$¢ Bitrexu w plynach z dowodow 1 i 2 wynikata
z mniejszej jego zawartosci w ptynie skazajacym.

Analiza spektrometryczna ptynow z dowodow 3—11
potwierdzita, ze ww. plyny nie zawieraja jonéw denato-
nium (a wigc nie zawierajq Bitrexu), stwierdzono nato-
miast obecno$¢ pikéw masowych mogacych pochodzi¢
od produktow reakcji benzoesanu denatonium z pod-
chlorynem sodu. Na tej podstawie mozna przyjaé, ze
ptyny z dowodoéw 3—11 zawieraty benzoesan denatonium
(Bitrex), ktory nastgpnie zostat z nich usunigty, np. po-
przez dodanie podchlorynu sodu.

Analiza probki plynu z dowodu 12 za pomoca spek-
trometru mas potwierdzila, ze ptyn ten zawiera benzoe-
san denatonium. W uzyskanych widmach masowych
zardwno w jonizacji dodatniej, jak i ujemnej, zaobserwo-
wano dodatkowe piki masowe pochodzace prawdopo-
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dobnie od produktéw reakcji podchlorynu sodu z Bit-
rexem, identyczne jak w trakcie analizy roztworu wzor-
cowego benzoesanu denatonium w spirytusie, do ktérego
dodano podchloryn sodu. Potwierdzito to hipotezg wy-
nikajaca z wynikow analiz metoda HPLC, ze czg$¢ jonow
denatonium zostato usunigtych z ptynu z dowodu 12,
prawdopodobnie poprzez podanie podchlorynu sodu.

5. Podsumowanie

Wyniki przeprowadzonych badan wskazuja jedno-
znacznie, ze dodanie podchlorynu sodu do alkoholu ety-
lowego skazonego Bitrexem powoduje czgsciowe lub
catkowite usunigcie tego $rodka skazajacego. Efektyw-
no$¢ oczyszczania zalezy od objetosci dodanego pod-
chlorynu sodu.

Opracowana procedura badania wyrobow spirytuso-
wych za pomoca metody HPLC oraz spektrometrii mas
pozwala na wyznaczenie stgzenia benzoesanu denato-
nium (Bitrexu) poprzez oznaczenie zawartosci jonow
benzoesanowych, jak réwniez zawarto$ci jonow dena-
tonium lub czasteczek benzoesanu denatonium. Analiza
zawartosci tych sktadnikow pozwala ustali¢, czy badany
ptyn zawiera Bitrex, czy tez ptyn ten byt skazony Bit-
rexem, a nastepnie zostat odkazony. Informacje te sa bar-
dzo przydatne przy opracowywaniu ekspertyz dla celow
sadowych.
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