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Abstract: Energy drinks are designed to keep the human body
alert during prolonged mental and physical exertion. They in-
clude, among others, caffeine, taurine, inositol, glucuronolactone,
and carnitine. No doubt these substances have a stimulating ef-
fect. All this makes people willing to reach for energy drinks.
However, there are still issues concerning these drinks that may
raise doubts whether their consumption is healthy. Toxic thal-
lium content can have a very negative effect. Thallium is highly
toxic to the biosphere, its toxicity is higher than of Hg, Cd, Pb
and Cu. Moreover, it shows mutagenic, carcinogenic and ter-
atogenic characteristics. Stomach and intestinal ulcers, alopecia,
and polyneuropathy are considered classic syndromes of thallium
poisoning. The aim of this paper was to develop a method for
detecting thallium in energy drinks, as well as the estimation of
the levels of this metal. The analytical method used to determine
the concentration of thallium was differential pulse anodic strip-
ping voltammetry (DPASV) coupled with flow injection analysis
(FIA).

1. Introduction

In recent years a market for soft drinks emerged. It is still relatively small, but it has
a high growth potential. Energy drinks are designed to keep the human body alert
during prolonged mental and physical exertion. They include, among others, caffeine,
taurine, inositol, glucuronolactone, and carnitine. No doubt these substances have a
stimulating effect. However, there are still issues concerning these drinks that may
raise doubts whether their consumption is healthy. The main of them is the amount of
information about significant heavy metal contents in energy drinks. We read about
the dangers of cadmium or sealed lead and their high content in these beverages. One
of the components which is not mentioned is undoubtedly thallium (E., 2011).
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Thallium is a soft, malleable metal with blue-white colored surface similar in ap-
pearance to lead. Due to the similarity of alkali metals it can replace potassium
in biological systems. It interferes with the metabolism by reducing the activity of
important enzymes and coenzymes. It is characterized by high toxicity to aquatic
organisms, humans and other animals. Thallium compounds (I) with high solubility
in water are readily absorbed through the skin. Thallium is probably carcinogenic to
humans (J., 2006). Thallium is highly toxic to the biosphere, its toxicity is higher than
that of Hg, Cd, Pb, and Cu. Moreover, it shows mutagenic, carcinogenic, and terato-
genic characteristics. Stomach and intestinal ulcers, alopecia, and polyneuropathy are
considered classic syndromes of thallium poisoning (Xiao T., 2007). Ingestion of more
than 10 – 15 mg × kg-1 body weight (approximately 0.2 – 1 g) can be fatal. Thallium
salts are rapidly and almost completely absorbed through the gastrointestinal route.
Unfortunately, thallium poisoning awareness among doctors and forensic experts is
very low. No symptoms, at least at the beginning of intoxication, often prevent ac-
curate diagnosis of early thallium poisoning, and thus the application of appropriate
therapeutic measures (Lech T., 2007). Skin contact, ingestion, and getting to the root
of the respiratory tract are very dangerous and cause irritation of the gastrointestinal
tract and nervous system disorders. Thallium poisoning can cause changes in blood
chemistry, liver, kidney, intestine and testis tissue. It also causes abdominal pain,
diarrhea and tingling of the extremities. The highest concentration of thallium after
intoxication can be identified in urine within a few hours (Nagaraja P., 2009), so in
case of any risk its content is systematically examined.

The aim of this work was to develop a method for detecting and estimating the
level of thallium in energy drinks.

The material consisting of energy drinks was bought at one of the supermarkets.
The selection was based on a survey of students, or potential buyers. Based on the
responses the choice was made of the most often purchased energy drinks. A series of
analyzes that have devised the best conditions, and method for the detecting thallium
in these beverages were conducted. Before starting the tests EDTA was added to the
degassed energy drinks, so that the solution had a concentration of 0.05 M. It was
found by typing nitric acid, ammonia and pH 4.5. This solution was ready for the
signs.

The analytical method used to determine the concentration of thallium was dif-
ferential pulse anodic stripping voltammetry (DPASV) coupled with flow injection
analysis (FIA). In comparison to other methods FIA DPASV is the only recently
available analytical technique used to detect thallium at low concentrations. The
developed method provides the opportunity to detect thallium in real environmental
samples at a single pM level with the detection limit of 0.25 pM.

2. Apparatus and Reagents

A MicroAutolab electrochemical analyzer from Eco Chemie (Utrecht, Netherlands)
was used, together with a previously described (Lukaszewski Z., 1992) flow-through
cell of wall-jet type, which facilitates medium exchange and medium circulation. The
differential-pulse amplitude was 50 mV. A mercury film electrode based on glassy
carbon was used as a working electrode. A saturated calomel electrode was the
reference electrode, and a platinum wire was the auxiliary electrode. The mercury
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film was deposited over a period of 10 min from a solution consisting of 0.05 mM
mercury (II) nitrate and 0.1 M potassium nitrate. Only one mercury film was required
for one day of measurements.

A certified reference material – GBW 07401 soil of Chinese origin, containing 1 ±
0.2 µg ×g−1 of thallium – was used. Ammonia solution (25 %), nitric acid (65 %),
hydrogen peroxide (30 %), acetic acid (99.8 %), EDTA (all puriss. p.a., supplied by
Fluka), hydrofluoric acid (pract. 73 %, Fluka) were used.

All solutions were prepared in water by reverse osmosis in a Watek-Demiwa 5 Rosa
system (Czech Republic), followed by triple distillation from a quartz apparatus. Only
freshly distilled water was used.

3. Procedures

Analytical method used to determine the concentration of thallium was differential
pulse anodic stripping voltammetry (DPASV) coupled with flow injection analysis
(FIA). In order to stabilize the measurement a series of studies which optimized the
conditions for the detection of thallium was performed. Dependence of the peak
height: on the concentration of thallium, on the potential of thallium and time con-
centration of thallium were determined.

3.1. Detection of thallium by FI-DP-ASV

The content of thallium was measured using flow injection analysis (FIA) coupled with
differential pulse anodic stripping voltammetry (DPASV) (Fig. 1). A peristaltic pump
was used to produce forced flow with a constant flow rate of 2 cm3/min. The sample
was pumped into the system out of a vial containing 10 cm3 of the sample solution and
the output was directed back to the same vial. In the experiment a wall-jet system was
used consisting of three electrodes: a glassy carbon electrode coated with a mercury
film which was used as a working electrode, a saturated calomel electrode was the
reference electrode and the platinum wire was the auxiliary electrode. A custom wall-
jet measuring vessel made in our laboratory was used. The inlet flow of the circulating
solution was perpendicular to the working electrode surface (Lukaszewski Z., 1992).

The mercury film was deposited over a period of 10 min from the solution consist-
ing of 0.05 mM mercury (II) nitrate and 0.1 M potassium nitrate. Only one mercury
film was required for a whole day of measurements.

After creating the mercury film electrode potential was kept constant at 0.0 V
vs. the saturated calomel electrode. A saturated calomel electrode was used as a
reference electrode. It was introduced into the cell and worked with an electrolytic
key filled with 0.1 M potassium chloride. A platinum electrode inserted directly into
the measuring cell was the auxiliary electrode (Lukaszewski Z., 1992).

The use of a flow measuring system made it possible to avoid the problem of
sample solution depletion caused by the limited capacity of the measuring vessel and
allowed the circulation of the electrolyte. A 0.05 M EDTA solution was used as the
base electrolyte. A series of studies was carried out in order to make a proper selection
of the parameters, which helped to choose the right concentration, potential and time
(Jakubowska M., 2008).
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Fig. 1. Flow-injection voltammetric system (A); and measuring cell (B).

3.2. Selection of concentration potential

The effect of the preconcentration potential of thallium on its peak height (Fig. 2)
was examined in the range from -0.60 V to -1.3 V vs. the saturated calomel electrode,
using solutions with a concentration of thallium 1 ppb. Peak height vs. concentra-
tion potential dependence shows a plateau for preconcentration potential values lower
than -0.9 V. These potentials may be recommended for the detection of thallium per-
formed with graphite electrode. Under such conditions, thallium forms a well-formed
peak and its height increases with thallium concentration. The preconcentration po-
tential of -0.9 V selected for further study was found optimal between more positive
potentials that would cause significant lowering of the thallium peak and more neg-
ative potentials that could cause electrodeposition of interfering ions. Each point on
the curve is the average of 5 measurements. A standard deviation of the points was
approximated to 0.

Fig. 2. The dependence of the peak height on the preconcentration potential. Results
for 0.1 ppb Tl and 10 min preconcentration time. (↓) Selected preconcentration
potential -0.9 V used in determinations.
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3.3. Dependence between the peak height and the time of concentration

In order to determine the dependence between the concentration of thallium and the
time (Fig. 3) a series of analyses were performed using 0.05 M EDTA (pH 4.5) as
a base electrolyte containing: 1 ppb Tl (I). The measurement was carried out using
concentration potential -0.9 V, changing the time of the concentration in the range 60
– 900 s. Function equation for the time of concentration is y = 9E−11x + 3E−9, the
coefficient of determination value on the chart, R2 = 0.99. Each point on the curve is
the average of 5 measurements. A standard deviation of the points was approximated
to 0.

In the subsequent analysis the dependence of the peak concentration of thallium
on time is used to determine how long thallium should be concentrated to get read-
ily measurable results. Linearity of this dependence shows the lack of depletion of
thallium (I) in a solution.

Fig. 3. The dependence of the peak height on the time of concentration. Results for
1 ppb Tl and 60 – 900 s preconcentration time. Selected preconcentration
potential -0.9 V used in determinations.

3.4. Dependence between the peak height and the concentration of
thallium

In order to determine the peak height as a function of concentration of thallium
(Fig. 4), a series of studies on the effect of concentration were conducted using the fol-
lowing conditions: 600 s and the potential of -0.9 V. The base electrolyte 0.05 M EDTA
was used and the concentration of thallium (I) varied in the range of 0.1 ppb – 1 ppb.
The function equation for the concentration of thallium is y = 8E−8x – 1E−9, the
coefficient of determination value on the chart R2 = 0.99. Each point on the curve is
the average of 5 measurements.

The resulting linear dependence of the peak height vs. concentration of thallium
shows no signs of depletion of thallium and can help determining the pattern of
standard additions in the analysis of tobacco and cigarette ashes.

3.5. The method of standard additions

After the mineralization procedure the concentration of thallium in the samples was
determined on the basis of several standard additions (typically three additions).
Fig. 5. shows a series of voltammograms of the processed residual concentration
of thallium in the sample (d) together with voltammograms of the sample with
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Fig. 4. The dependence of the peak height on the concentration of thallium. Results
for 0.1 – 1 ppb Tl and 600 s preconcentration time. Selected preconcentration
potential -0.9 V used in determinations.

standard additions (a) – (c) as well as the calibration graphs (below; R2 = 0.99)
(Jakubowska M., 2008). All measurements were repeated 5 times. The table shows
mean values. All measurements were performed using the FIA-DPASV method.

Fig. 5. Voltamperometric curves without (d) and with subsequent (c, b, a) standard
additions: a) 0.1 ppb Tl; b) 0.2 ppb Tl; c) 0.3ppb Tl. Preconcentration
potential: -0.9 V, preconcentration time: 10 min.

3.6. Conclusions

The studies demonstrated that the analyzed energy drinks contain thallium. There is
nowhere to report about the limits for thallium in energy drinks. It was shown that
the metal concentration is about 0.1 ppb. This is not a life-threatening concentration
for humans. However, the excess consumption of energy drinks for a long period of
time can have negative effects on health.
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The paper presents the entire procedure for the detection of thallium in energy
drinks. Preliminary results showed thallium content in these beverages. It is therefore
a subject of interest and could be subject of further research.

For the safety of human health, it is important to estimate the size of the intake
of heavy metals in food within a specified period of time. Use this indicator PTWI
(provisional tolerance weekly intake) or weekly tolerable intake of metals. There are
no reports in the literature about such index for thallium. Due to its toxicity, though,
its concentration should be checked and controlled.

It is therefore, important to develop an analytical method that will detect even
trace amounts of thallium. One of the ideal solutions is the use of FIA DPASV.

DPASV detects thallium at very low concentrations. The low limit of detection,
0.25 pM, makes this method one of the best among analytical techniques for the de-
termination of trace amounts of thallium. The use of DPASV measurement in a flow
injection analysis system made it possible to remove the problem of depletion of the
sample solution, the limited capacity of measurement vessel and allowed the circula-
tion of the electrolyte. Lead is the main element hindering thallium determination by
ASV. The position of the lead peak coincides with the thallium peak. However, the
EDTA addition significantly changes the preconcentration characteristics of lead, and
thallium may be accumulated and determined even in the presence of 1000-fold excess
of lead. The presence of iron may also be a disruption in thallium determination by
ASV. Iron commonly occurs in environmental samples. However, it was proved that
iron does not accumulate on a mercury film. Iron content may significantly change the
current background and in this way make thallium determination difficult. Only the
use of EDTA as electrolyte and electrolyte replacement after the concentration step
led to a satisfactory solution to the problem. If an element from the main matrix that
does not accumulate during electrodeposition (e.g. iron ions), its impact is removed
when replacing the electrolyte. The flow-injection voltammetric system significantly
improves the performance of such operations.

References

E., Stasiuk (2011), ‘Zawartość ołowiu i kadmu w napojach energetyzujących kupi-
onych w sklepach trójmiasta’, Bromat. Chem. Toksykol. pp. 635–638.

J., Emsley (2006), ‘Thallium. the elements of murder: History of poison’, Oxford
University Press pp. 326–327.

Jakubowska M., Zembrzuski W., Lukaszewski Z. (2008), ‘Thallium determination of
the single picomole per liter level by flow-iniection differential-pulse anodic stripping
voltametry’, Electroanalysis pp. 1073–1077.

Lech T., Sadlik J. K. (2007), ‘Thallium intoxication in humans’, Toxicol. Lett. pp. 1–
240.

Lukaszewski Z., Zembrzuski W. (1992), ‘Determination of thallium in soils by flow-
injection-differential pulse anodic stripping voltamperometry’, Talanta pp. 221–227.

Nagaraja P., Ghllan Saeed Al-Tayer N., Shivakumara Shresta A. K. Gowda A. K.
(2009), ‘Spectrophotometric determination of the trace amount of thallium in water
an urine samples by novel oxidative couplin reaction’, Elec. J. Chem pp. 1153–1163.

Xiao T., Guha J., Liu C. Q. Zheng B. Wilson G. Ning Z. He L. (2007), ‘Potential
health risk in areas of high natural concentrations of thallium and importance of
urine screening’, Appl. Geochem. pp. 919–929.


	Introduction
	Apparatus and Reagents
	Procedures
	Detection of thallium by FI-DP-ASV
	Selection of concentration potential
	Dependence between the peak height and the time of concentration
	Dependence between the peak height and the concentration of thallium
	The method of standard additions
	Conclusions


