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Abstract
Background: Allergic reactions to metals and metal salts used in tattoo pigments occur surprisingly frequently. For this reason, 
this study focused on the determination of thallium (Tl) in the samples of color tattoo inks. These inks are commonly used in 
tattooing processes worldwide. Material and Methods: The samples were analyzed with the use of differential pulse anodic strip-
ping voltammetry. The stripping anodic peak current of Tl was linear over its concentration range of 0.5–6.0 μg/l, which corre-
sponds to 2.45×10–9–2.94×10–8 M. The determined value of the limit of detection (LOD) was equal to 0.149 μg/l (7.29×10–10 M).  
Results: The obtained results revealed a wide range of Tl contents in tattoo inks, i.e., 0.0029–0.4275 µg/g. The content of this metal 
varied substantially depending on the pigment used in tattoo inks. Conclusions: Thallium was identified and determined in all 
tested samples. Its content depends on the country of origin but it does not depend directly on the color. The lowest content of Tl 
was found in the pink ink and the highest in the violet ink (from Israel), and a similar content was also found in the yellow ink 
(from Israel). The use of colored inks in larger quantities (a dense pattern and a larger surface area covered) may potentially pose 
a health risk. The danger of Tl poisoning from tattooing depends on the type of the ink (color) and its origin. As Tl is not consid-
ered a micronutrient, introducing such a Tl content into the body may be associated with a potentially harmful accumulation of 
this metal in body organs, causing various types of ailments and toxic effects primarily on the nervous, skeletal and circulatory 
systems. The obtained results suggest that tattooists may be exposed to the toxic effects of Tl in tattoo inks. The analytical data pre-
sented in the paper may constitute the basis for determining the acceptable limits of toxic Tl contents in tattoo inks. Med Pr. 2020; 
71(4):405–11
Key words: human toxicity, dermal exposure, thallium, potential health risk, DPASV, tattoo ink

Corresponding author: Bożena Karbowska, Poznan University of Technology, Institute of Chemistry and Technical  
Electrochemistry, Berdychowo 4, 60-965 Poznań, Poland, e-mail: bozena.karbowska@put.poznan.pl
Received: 20 September 2019, accepted: 7 February 2020

Medycyna Pracy 2020;71(4):405–411
http://medpr.imp.lodz.pl/en

THALLIUM IN COLOR TATTOO INKS: 
RISK ASSOCIATED WITH TATTOOING

ORIGINAL PAPER

INTRODUCTION

The practice of introducing a permanent colored pat-
tern under the skin has occurred globally and was al-
ready common in antiquity. Nowadays, tattooing has 
gained more social recognition and has become very 
popular around the world, with millions of people hav-
ing black or colored tattoos. In Europe, the number of 
tattooed people is estimated at approx. 100 million [1,2].

Nowadays, a body decorated with tattoos ceases to 
amaze and shock. More and more companies also pro-
duce tattoo inks, the composition of which is very com-
plex, and both tattooists and tattoo-makers are not 
fully aware of what is permanently introduced under 
the skin surface. Tattoos most likely represent one of  

the most extensive exposures of humans to chemical 
substances and various particles at the micro- and na-
no-scale [2].

Although tattoo inks are products injected into the 
skin, they are not classified as medicines or cosmetics. 
However, the injected ink remains under the skin per-
manently; thus, the body is exposed directly to its com-
ponents, including very toxic heavy metals.

Some of the pigments remaining in the dermis give 
the skin a specific color, while some part of the inject-
ed pigment is removed from the skin via the lymphatic 
system. Consequently, the pigments are in direct con-
tact with the skin tissue and the lymphatic system, and 
may be further accumulated in the lymph nodes or oth-
er organs [3]. The potential human health hazards asso-
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ciated with exposure to tattoo pigments are presented 
in Figure 1.

Tattoo inks contain many dyes to obtain a specific 
color, as well as other chemicals, including hydrocarbons 
and phthalates, which have carcinogenic properties and 
exhibit a detrimental effect on the hormonal balance [4]. 
Tattoo pigments are colorful nano- and microparticles 
which are practically insoluble and are permanently in-
troduced into the dermis by the tattooist [5].

The composition of tattoo pigments, depending on 
the color, can be presented as follows [6]:
 ■ black inks contain various types of hydrocarbons 

(petroleum) – most of them are carcinogenic – and 
may also consist of nickel, iron, carbon (soot or ash);

 ■ yellow inks contain traces of cadmium sulphite,  
PbCrO4 (often mixed with PbS);

 ■ orange inks consist mainly of cadmium and azo dyes;
 ■ red inks are the most dangerous dyes for human he-

alth. Among iron and cadmium salts, they may also 
contain mercury or cyanides;

 ■ green inks usually contain cobalt, chromium, alum-
inium, copper, ferrocyanides and ferricyanides;

 ■ violet inks mainly contain aluminium, manganese 
and also azo compounds;

 ■ brown inks consist of iron compounds and azo ad-
ditives;

 ■ white inks contain lead, zinc, titanium and barium 
sulphate.

To the best of the authors’ knowledge, there is a lack 
of precise rules which define the raw materials that are 
used for the production of pigments. Moreover, data 
regarding toxicity tests of tattoo inks are also limited. 
However, there is a growing body of research reporting 
a number of heavy metals contained in tattoo inks. The 
motivation of this work is that the allergic reactions to 
metals and metal salts used in tattooing pigments have 
become surprisingly frequent. 

The mechanism of Tl toxicity involves a disorder of 
enzyme activity and metabolic processes [7,8]. Symp-
toms of Tl poisoning typically include hair loss, ulcers, 
internal bleeding, myocardial injury, alopecia, poly-
neuropathy, insomnia, paralysis, the loss of weight and, 
eventually, death [9]. 

The aim of this study was to examine the content of 
Tl in several types of tattoo inks in terms of the health 
risks borne by tattooed persons. The samples were ana-
lyzed with the use of differential pulse anodic stripping 
voltammetry (DPASV). The main benefits of this meth-
od include low detection and quantification limits, low 
costs and simplicity. 

MATERIAL AND METHODS

Sample collection, treatment and analysis
A total of 45 samples of 5 different imported tattoo pig-
ments were obtained from a tattoo ink supplier in Po-
land. Green and violet inks came from an Italian com-
pany, whereas pink, yellow and violet inks came from 
an Israeli company. All these colors were supplied as 
commercial liquids.

Total decomposition 
A tattoo ink sample (approx. 0.25 g) was placed in  
a tapered Teflon beaker and treated with 73% hydro-
fluoric acid (2 ml). The sample was then heated for  
2 h on a graphite heater until complete evaporation, 
and then further digested with HNO3 (65%), HClO4 
(70%), H2SO4 (98%) and H2O2 (30%) (3:2:1:1) [10,11]. 
All chemical reactants were obtained from Sigma-Al-
drich (Poland). 

Finally, after evaporation, the dry residue was dis-
solved for 2 h in 1 ml of nitric acid (the beaker was cov-
ered with a watch glass). The samples were digested in  
3 replicates in each test and reagent blanks were run.

The dissolved sample was transferred into a 25 ml vol-
umetric flask with ascorbic acid (1 M; 2.5 ml) and ED-
TA (0.2 M; 6.25 ml). The pH was adjusted to 4.5 (25% 
ammonia). Then, it was transferred into a flask (25 ml) 

Figure 1. Schematic representation of the potential human health 
hazards associated with exposure to tattoo pigments
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and supplemented with water. This solution was used to 
determine the total content of Tl in the tattoo inks with 
DPASV, using a mercury film electrode based on a glassy 
carbon disc (GCE/Hg(MFE)). Differences between  the 
mean concentration of Tl in particular color inks were 
determined with ANOVA and the post-hoc Tukey test.

Determination of Tl
The determination procedure was conducted with the 
use of a μAutolab electrochemical analyzer from Eco-
chemie (Utrecht, Netherlands), consisting of a typical 
3-electrode cell. The working electrode used in the vol-
tammetry measurements was a mercury film electrode 
deposited on a glassy carbon disc (d = 3 mm). A sil-
ver/silver chloride electrode (Ag/AgCl, 3M KCl) was 
the reference electrode, and a platinum wire served as 
the auxiliary electrode. The system worked under the 
following conditions: a differential pulse amplitude of 
50 mV, a step potential of 2 mV, pre-concentration at 
–1.2 V vs. an Ag/AgCl mercury film deposition period 
of 600 s, using a 0.05 mM mercury(II) solution of ni-
trate and 0.1 M potassium nitrate.

All the solutions were prepared in water by reverse 
osmosis in a Demiwa 5 rosa system (Watek, Czech Re-
public). Each sample was degassed by a nitrogen gas 
flow for 600 s. The pre-concentration of Tl in the sam-
ples was carried out over 300–900 s, depending on the 
Tl concentration, and EDTA (0.05 M) was used as the 
supporting electrolyte. 

The concentration of Tl in the samples was estimat-
ed with the standard addition method using a certified 
reference material. The standard soil sample NCS DC 
73382, certified for the total content of Tl (1.0±0.2 µg/g), 
was used as the reference material (Chinese National 
Standard Reference Materials, Beijing).

RESULTS

The obtained results revealed a wide range of Tl con-
tents in tattoo inks, i.e., 0.0029–0.4275 µg/g, and the 
content of this metal varied substantially depending on 
the pigment used in tattoo inks.

During the successive additions of different contents 
of Tl+ to 10 mL of EDTA, a well-defined response was 
obtained, indicating good electroanalytical properties of 
the mercury film electrode deposited on the GCE elec-
trode. A linear relationship between the anodic current 
and the Tl concentration was observed over the range of  
0.5–6.0 µg/L, which corresponds to 2.45×10–9–2.9410–8 M 
(Figure 2). The calibration curve was obtained by fit-

ting the equation: y = 58.263x – 7.725 with a correlation  
coefficient (R2) of 0.9974. The limit of detection (LOD) 
was calculated according to the following formula: 
LOD = (κ×SDa)/b, where κ is 3.3 and SDa is the standard 
deviation of the intercept, and b is the slope. The deter-
mined value of LOD was 0.149 µg/L (7.29×10–10 M).

For Tl determination, the standard addition meth-
od previously described by Karbowska et al. [12] was  
adopted with slight modifications. Tl pre-concentration 
was carried out at a potential of –1.2 V vs. Ag/AgCl and 
the deposition time of 300 s. Also, EDTA (0.05 M) was 
used as the supporting electrolyte. Lead and Tl exhib-
it similar electrochemical properties. As a result, the 
overlapping voltammetric signals from both metals are 
usually observed in systems containing no complexing 
electrolytes [13]. To avoid such a problem, EDTA can 
be added. The complex of EDTA with Pb2+ is very stable 
and hinders the reduction of Pb2+ to the metallic state, 
thus minimizing the interference of this ion. Due to the 
use of EDTA supporting electrolyte, the method toler-
ates a 1000-fold excess of lead [14].

A preliminary voltammetric study allowed for the se-
lection of –1.2 V as the optimum potential for the pres-
ent investigation. The concentration of Tl in the sam-

EDTA – disodium ethylenediaminetetraacetic acid, GCE/Hg(MFE) –  
mercury film electrode deposited on a glassy carbon disc (d = 3 mm),  
TI – thallium.

Figure 2. Calibration curve obtained for the GCE/Hg(MFE) 
electrode in EDTA after addition of 0.5, 1, 2, 3, 4, 6 μg/l Tl+,  
300 s of pre-concentration at –1.2 V vs. Ag/AgCl, a pulse 
amplitude of 50 mV, a step potential of 2 mV
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ples was estimated on the basis of several standard ad-
ditions (Figure 3). In order to determine standard de-
viation (SD), each sample was measured 3 times (Fig-
ure 3). Control measurements were performed togeth-
er with each series of experiments. As many as 9 inde-
pendent trials were conducted for the reference materi-
al (the standard soil sample NCS DC 73382) in order to 
determine the Tl content. The average content of Tl was 
at 0.949±0.0967 µg/g (min. 0.821 and max 1.102 µg/g).

The obtained results for the Tl content in tattoo inks 
are presented in Table 1. The results show a great variation 
of heavy metal concentrations in the samples. The max-

imum concentration of Tl was observed in the violet ink 
(from Israel), with an average value of 0.4275 µg/g Tl. Con-
cerns have also been raised as regards the amount of Tl 
that can be introduced with the yellow ink (from Israel) 
into the human body (an average value of 0.4250 µg/g). 
In the pink ink, the content of Tl was the lowest (with an 
average value of 0.0029 µg/g). 

Such metal concentrations in tattoo inks can be as-
sociated with potentially harmful effects. The use of col-
ored inks in large quantities (a more dense pattern and 
the surface of the coated body) may be hazardous to hu-
man health. Actually, Tl rapidly enters the blood stream 

The supporting electrolyte was 0.05 M EDTA (pH = 4.5). Pre-concentration potential of –1.2 V vs. Ag/AgCl, pre-concentration time of 300 s, pulse amplitude of 50 mV,  
step potential of 2 mV.

Figure 3. Voltammetric curve for the tattoo ink sample and for a) the ink sample with sequential standard addition b) 1ppb Tl,  
c) 3ppb Tl
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Table 1. Thallium concentrations in tattoo inks (in total, 45 samples of 5 different imported tattoo pigments were obtained  
from a tattoo ink supplier in Poland)

Tattoo ink color 
(origin)

Thallium content

Me
[µg/g]

min.–max/
interquartile range

[µg/g]

M
[µg/g]

SD
[µg/g]

RSD
[%]

Yellow (Israel) 0.4250 0.330–0.500/0.1700 0.4300 0.06064 14.268

Pink (Israel) 0.0029 0.0025–0.0033/0.0008 0.0028 0.00026 9.123

Green (Italy) 0.1710 0.1650–0.1770/0.0120 0.1710 0.00364 2.120

Violet (Italy) 0.0210 0.0170–0.0250/0.0080 0.0200 0.00239 11.380

Violet (Israel) 0.4275 0.4200–0.4540/0.0340 0.4250 0.01040 2.433
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and is transported across the whole body, which leads 
to its accumulation in bones, kidneys and the nervous 
system. The type and severity of the observed effects are 
generally correlated with the dose concentration [15].

It should be emphasized that the effects of a perma-
nent exposure to Tl, even at low levels, are not fully un-
derstood.

DISCUSSION

The research carried out by the authors revealed a surpris-
ingly wide range of Tl contents in tattoo inks, i.e., 0.0029– 
0.4275 μg/g depending on the origin and color of the 
ink. This may cause a serious problem because Tl salts 
are currently considered to be one of the most toxic 
compounds [15]. In order to prevent Tl poisoning, its 
content must not exceed the environmentally safe limits 
which are: 2 µg/l for drinking water, 0.008–1.0 µg/g for 
land plants, 0.03–0.3 µg/g for edible plants, and 2 µg/day 
for the average daily intake [16–18].

The maximum admissible content of Tl in tattoo 
inks has not been determined yet. For other heavy met-
als such as lead, cadmium, chromium and arsenic, the 
allowable content was determined by the U.S. Environ-
mental Protection Agency (USEPA) in 2013 [18]. There-
fore, estimating the safety assessment of tattoo inks is  
a complex problem, especially due to the fact that they 
are more invasive to the body than cosmetics, which are 
used only on the skin and can be easily removed during 
washing.

Tattoo inks were previously analyzed mainly using 
spectroscopic methods (ICP-MS) to detect heavy metals 
such as cadmium, lead, mercury, chromium, copper, co-
balt and nickel. The distributions of metals found in var-
ious tattoo inks, sorted by color [19], together with the 
determined Tl content in the samples tested in this work, 
are summarized in Figure 4. Green inks were found to 
contain high concentrations of chromium, copper, lead, 
nickel and cadmium, as well as cobalt. Violet inks con-
tain similarly substantial amounts of chromium, copper, 
lead, nickel and cadmium. High concentrations of cad-
mium and chromium were found in pink inks [19]. Lead 
is a known toxin that can cause kidney failure, hyperten-
sion, neurological disorders, birth defects and liver dam-
age. In tattoo pigments, lead is present in the form of lead 
chromate and was observed in bright green and yellow 
inks. Chromium is known to cause damage to the cen-
tral nervous system and nickel is an allergen to approxi-
mately 20% of people, and can cause skin sensitivity and 
rashes. The presence of copper in high concentrations in 

tattoo pigments (max 22.04 µg/g) is most likely associat-
ed with copper phthalocyanine blue BN, and phthalocy-
anine green ink pigments that have been used in tattoos 
for almost 100 years [20].

Body tattooing can be an important risk factor for 
human health, and it is all the more dangerous because 
mostly young people get tattooed. It is worth emphasiz-
ing that a tattoo will remain for life or for many years. 
In order to determine the exposure in the form of a sys-
temic dose, expressed as mg/kg per day, it is necessary 
to know how much of the substance deposited in the 
tattooed skin area, following tattooing, is subsequent-
ly absorbed, i.e., to know the percentage of the depos-
ited substance that is transported from the tattooed 
skin area to the tissues and organs in the body via the 
blood circulation and/or the lymphatic system [21].  
It  is  worth noting that tattoo inks are not covered by 
legislation on cosmetic products or on medicine.

CONCLUSIONS

Thallium was identified and determined in all tested 
samples. Its content ranged 0.0029–0.4275 µg/g. Gen-
erally, its content depends on the country of origin but 
it does not depend directly on the ink color. The lowest 
content of Tl was found in the pink ink and the highest 
in the violet ink (from Israel), and a similar content was 
also found in the yellow ink (from Israel).

The use of colored inks in larger quantities (a dense 
pattern and a larger surface area covered) may poten-
tially pose a health risk. The danger of Tl poisoning 
from tattooing depends on the type of the ink (color) 
and its origin. As Tl is not considered a micronutrient, 
introducing such a Tl content into the body may be as-
sociated with a potentially harmful accumulation of 
this metal in body organs, causing various types of ail-
ments and toxic effects primarily on the nervous, skel-
etal and circulatory systems. The introduction of cer-
tain contents of various chemical compounds, includ-
ing toxic heavy metals which form part of the pigment 
used in the tattooing process, into the body (under the 
skin) can be an important risk factor for human health. 
The obtained results suggest that tattooists may be ex-
posed to the toxic effects of Tl present in tattoo inks.

The health effect assessment includes local effects in 
the skin as well as systemic effects, i.e., the effects that 
occur in tissues and body organs after the substance is 
absorbed from the tattooed skin area [21]. Unlike cos-
metics, tattoo inks are not officially controlled. Al-
though the industry needs to comply with certain reg-
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ulations, scientists have a responsibility to investigate 
the potential risks associated with tattooing. The ana-
lytical data presented in the paper may constitute the 
basis for determining the acceptable limits of the toxic 
Tl content in tattoo inks. 
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