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Abstract

This study focused on determining thallium content in tobacco samples collected from a commercial

cigarette brand commonly available in Poland (manufactured by Philip Morris). The samples were analyzed

with the use of differential pulse anodic stripping voltammetry (DPASV) coupled with a flow injection

analysis (FIA) system. The obtained results confirmed that thallium was present in the studied tobacco

samples (average content at 0.0089 £0.0012pg/g). These findings suggest that cigarette smokers in Poland

may be exposed to the toxic effects of thallium-based compounds present in tobacco.
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Introduction

It is estimated that approximately 10 million cigarettes
are smoked every minute in the world and that the number
of smokers is now about 1.3 billion people [1]. The health
hazards associated with smoking tobacco are mainly
caused by the presence of numerous chemical compounds.
To date, more than 4,000 different chemicals (including
hydrocarbons, aldehydes, ketones, and aromatic
hydrocarbons) have been isolated from tobacco [2]. These
substances also include heavy metals such as lead, arsenic,
and cadmium, which are mainly absorbed from the soil
and accumulate in leaves. It is believed that the presence
of heavy metals in cigarette smoke may be responsible for
the loss of health in active and passive smokers. Moreover,
exposure to heavy metals associated with smoking is
often correlated with cancer incidence and mortality [3-
5]. Studies show that metal concentrations are higher in
pulmonary tissues of lung cancer cases than controls [6].
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Recent studies have confirmed that, aside from other
heavy metals, tobacco may also contain thallium [7].
Thallium is considered to be severely toxic for humans,
animals, plants, and microorganisms [8]. It is absorbed
through the skin and mucous membranes, spreads rapidly
in the body, and accumulates in bones, kidneys, and
throughout the central nervous system [9]. The toxic effect
of thallium is caused by its similarity to the potassium
(I) ion, which results in potassium-associated metabolic
process disorders [10]. The toxicity of this element
is higher compared to mercury, cadmium, and lead
(maximum admissible concentration at 0.1 mg/ml) [8].
It is believed that the maximum dose of thallium should
not exceed 15 micrograms, and the LD, for humans is
8-12 mgTlxkg ' [11-12]. A high dose of thallium received
over a short period of time may even lead to death.
Diagnosis of thallium poisoning is very complicated,
therefore its confirmation requires chemical analysis. The
symptoms of thallium poisoning in the case of exceeding
the maximum permissible doses are: vomiting, diarrhea,
hair loss, and disturbance in the functioning of the nervous
system, lungs, heart, liver, and kidneys.
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The aim of this study was to determine the content of
thallium in tobacco samples collected from a commercial
cigarette brand commonly available in Poland. The
employed analysis method was differential pulse anodic
stripping voltammetry (DPASV) coupled with flow
injection analysis (FIA).

Materials and Methods
Tobacco Samples

The analyzed tobacco samples were collected from
a commercial brand of cigarettes available in Poland
(Marlboro). The following average concentrations were
reported on the label of the package: tar (8 mg/cigarette),
nicotine (0.6 mg/cigarette), and carbon monoxide (9 mg/
cigarette). Each sample of cigarette tobacco was collected
from 15 Marlboro cigarettes (three cigarette sticks were
randomly selected from five packets). The tobacco
samples were removed from the cigarettes (2 g of tobacco
per one cigarette on average), and dried for 2 h in an oven
at 110°C to remove any humidity and to obtain a constant
weight.

Total Decomposition of Tobacco

The decomposition of tobacco samples was carried out
according to the procedure described by [9].

The tobacco samples (0.25 g) were dried, digested
with hydrofluoric acid, and then further digested with a
nitric acid and hydrogen peroxide solution. Upon filtration,
the residues were mixed with ascorbic acid and EDTA
and the pH value was adjusted to 4.5 using ammonium.
This solution was subjected to FIA-DPASV to determine
thallium.

Determining Thallium
Determining thallium was performed in accordance

with the procedure described previously by [10]. A
series of studies were carried out previously in order to
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select optimal analysis parameters: the most appropriate
concentration, potential, and time [13].

The content of thallium was measured using flow
injection analysis (FIA) coupled with differential pulse
anodic stripping voltammetry (DPASV) (Fig. 1.).
Measurements were performed three times for each
sample.

Results and Discussion

The obtained results confirmed that the employed
method is effective in terms of determining thallium
content in tobacco samples. It exhibited sufficient sufficient
sensitivity, accuracy and reproducibility for characterizing
metal in cigarettes. The combination of FIA coupled
with DPASV allows for determining thallium in actual
environmental samples at a pM level and is characterized
by a detection limit of 50 pg/ dm* (0.25 pM). Moreover,
this method provides notable variability since it may be
used for analysis of thallium in different types of samples.

The results of thallium determination in a series of
samples (n = 15) are summarized in Table 1. The results
were obtained using the standard addition method and
expressed as thallium per 1 g of tobacco. The established
thallium content ranged from 0.0070 to 0.0113 pg/g with
an average value of 0.0089 pg/g.

The hazardous effects of carbon monoxide, nicotine,
tar, and common heavy metals (e.g., Hg, Cd, Pb, and
Cr) present in tobacco smoke are well established,
whereas the negative health impact associated with
the presence of thallium compounds (which exceed
mercury, cadmium, and lead in terms of toxicity) are
not sufficiently emphasized. As a result, the number of
studies focused on the content of thallium in cigarettes
is limited. Furthermore, the majority of such studies is
focused solely on the thallium content in cigarette smoke.
According to the few available literature reports, thallium
content in cigarette smoke from Marlboro determined by
ICP-MS is in the range 0.6-1.6 ng/cigarette [7], 1.1 £0.1
ng/cigarette, 2.0 ng/cigarette [ 14], and 1.7-2.0 ng/cigarette
[15]. Analysis regarding the distribution of heavy metals
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Fig. 1. Flow injection analysis (FIA) coupled with the differential pulse anodic stripping voltammetry (DPASV) system.
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Table 1. Thallium concentrations in tobacco from Marlboro brand (for sale in Poland).

Marlboro Brand | Average content of thallium | Minimum — Maximum Median Standard deviation RSD
(ng/g) (ng/g) (ng/g) (ng/g) (%)
Tobacco 0.0089 0.0070-0.0113 0.0090 0.0012 13.57

in tobacco while smoking suggest that approximately
70-75% of the metals are retained in the ash and only
20-25% is transported in smoke [16]. This suggests that
cigarette ash may be a notable source of heavy metal
contamination, therefore a complete analysis of heavy
metal contents is required in order to properly assess the
environmental hazards associated with cigarette smoking.

The content of thallium in tobacco depends on soil
properties, atmospheric conditions, and agricultural
practices associated with tobacco farming. This contributes
to notable variations in the content of thallium in tobacco
between different areas. It was established that mining
and industrial activities in some areas have caused a major
pollution of agricultural irrigation water, resulting in
dramatic increases for thallium and other metals in some
agricultural products [17-19]. Due to the fact that tobacco
products originate from many different geographical
areas, determining thallium levels has become more
important [20]. Since heavy metals may accumulate
in plant tissue, their impact on human health is greater
compared to substances that are quickly metabolized and
excreted. Thus increased levels of toxic and carcinogenic
thallium compounds represent health risks not only to the
active smoker, but to individuals passively exposed to
tobacco smoke [7]. Aside from the adverse health effects
associated with direct/passive consumption of cigarettes,
the smoke and ash produced during tobacco smoking
could be significant sources of heavy metal load in soil,
air, and water [21]. Thallium may accumulate in micro-
[22] and macroorganisms [23], ultimately posing a severe
hazard to human health.

Although its concentration is usually low (at pg per
g.of soil), thallium is present in the natural environment in
the form of various minerals [24]. The increase in thallium
content in plant tissues may be caused by emissions of
specific contaminants and their subsequent distribution
in the environment. The two main sources of thallium
include natural (volcano emissions) and anthropogenic
(combustion of coal) activity. It is estimated that
approximately 5,000 tons of thallium is released into
the environment every year due to industrial activity
[25]. The originating fly ash contains two to 10 times
higher concentrations of thallium compared to the state
prior to combustion [26]. The ash may contaminate soil
[27] and surface water [28], which may lead to indirect
uptake by tobacco plants, resulting in increased thallium
content. Additionally, the deposition of ash on the plant
leaves allows for direct uptake of thallium into the plant
tissues [29]. The natural content of thallium in plants
is usually approximately 0.05 mg kg [30]. Increased
thallium content has been determined in several plant
species in the vicinity of heavily industrialized areas. The

determined values reached 0.02 to 0.6 mg kg™ for grasses,
0.02-0.3 mg kg for vegetables, 9.4 to 12.6 mg kg in
buds, and approximately 18.5 mg kg™ in the leaves of birch
[31-33]. Although the data regarding thallium content in
tobacco tissues is very limited, the distribution and uptake
mechanisms described above may explain the alleviated
levels of this heavy metal in the studied tobacco samples.

Thallium exhibits notable toxicity and has a very
negative effect on human health. Studies among U.S.
citizens have revealed that the average content of
thallium in the human body was approximately at
0.1 mg [34]. Thallium rapidly enters the bloodstream and
is transported across the whole organism, which leads
to its accumulation in bones, kidneys, and the nervous
system. Subsequent analysis has indicated that thallium
preferentially distributes in nails, bones, and hair, but it
can also accumulate in kidneys, liver, and the brain [35].
The presence of thallium disrupts the functioning of
several enzymes at the cellular level and causes damage
at the tissue level, which results in ulcers, alopecia, and
polyneuropathy. It is believed that prolonged exposure
to thallium is the source of various disorders and may
ultimately lead to death. It should be emphasized that the
data regarding the effects of chronic exposure to small
doses of thallium is very limited. This is an important topic
for future studies, since this issue is directly associated
with cigarette smoking.

Due to the fact that there were no data regarding
the thallium content in cigarette brands available on the
Polish market, the presented studies may provide crucial
insight into this issue and become valuable information
for healthcare-related organizations. The obtained results
suggest that cigarette smokers in Poland may be exposed
to the effects of toxic thallium compounds present in
cigarettes. This study confirms that FIA-DPASV may be
used successfully for determining thallium in tobacco
samples originating from commercially marketed
cigarettes, and presents measurable data regarding the
potential exposure risks and environmental contamination
due to tobacco smoking in Poland. These initial findings
suggest that the negative health effects of thallium content
in cigarette tobacco should be reduced. This is crucial for
the life and health of future generations.
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