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I N TRODUC TION

Tattoo inks are mixtures of chemicals that are injected into 
the human skin. The medical-toxicological assessment of 
such multi-component mixtures requires an interdisciplin-
ary understanding. This comprises technical aspects of tat-
too ink production through their interaction with a viable 
tissue.1 The production of tattoo inks requires pigments of 
different hues, solvents, emulsifiers, binders, thixotropic, 
antifoam agents and preservatives. The colouring pigments 
are either of inorganic or organic nature. Black and white 
are typically created by carbon black and titanium dioxide, 
respectively, and iron oxides may be used as black, red, and 

yellow pigments. Most of the coloured tattoos are based 
on organic azo, quinacridone or Cu-phthalocyanine pig-
ments.2,3 These pigments show a high light absorption in 
narrow spectral ranges and, therefore, exhibit a high colour 
strength.

Using mm-size solid needles, tattoo inks are injected into 
skin, creating multiple small holes. That injury prompts the 
skin to perform different actions, which may be subdivided 
into three phases over different time spans: inflammation 
(up to 10 days), tissue formation (up to 3 months) and tissue 
remodelling (up to 1 year).4 The inflammation phase in-
cludes haemostasis as well as the recruitment of neutrophils 
and macrophages. In the tissue formation phase, the initial 
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action is the re-epithelialization of the epidermis, followed 
by the repair of blood vessels, nerves and eccrine sweat 
glands.4 Complete remodelling of the injured skin may take 
up to 1 year. In the case of clean wounds, re-epithelialization 
of skin is usually completed within 1 week.5 It is unexplored 
so far, whether wound healing and particularly skin re-
epithelialization are altered by the chemical ingredients of 
the tattoo ink.

Histology has revealed that tattoo pigments move from 
the initial puncture location to randomly distributed lo-
cations in the dermis.6 The pigment particles in skin are 
mainly located in the cytoplasm of different cells like fi-
broblasts and macrophages, which ensure the macroscopic 
stability and hence, the long-term persistence of tattoos 
in skin through a constant capture–release–recapture 
process.7,8

Directly after tattooing, a concentration range of 0.60–
9.42 mg pigment per cm2 of tattooed skin has been determined 
in excised pig and human skin.6 However, this concentration 
is rapidly reduced by exudation processes that transport a 
part of tattoo colourants through the skin punctures to the 
outside. The concentration of the tattoo ink initially placed 
in skin additionally decreases after tattooing by the action 
of the immune system. Systemic transportation may occur 
actively with dendritic cells or passively with lymphatic 
fluid or blood. Neutrophilic granulocytes, macrophages or 
dendritic cells take up such material on site or transport it 
away through the lymphatic system.9,10 Thus, tattoo inks, in 
particular the pigments, can be expected in all organs and 
indeed, were reported in the lymph nodes located next to 
the tattoo.11–17 Specifically, the accumulation of particles in 
Kupffer cells of mice liver was suggested by observation with 
transmission electron microscopy (TEM) images taken after 
tattooing with black and red inks.18 Nevertheless, the extent 
and the relevance of pigment transportation to other organs 
of the human body is still unknown, so are, consequently, 
possible related health risks.

After healing, pigment particles in the skin may be ex-
posed to light, in particular ultraviolet (UV) radiation.19 
Hereby, pigment molecules may decompose upon UV, visible 
or infrared (IR) light from sunlight, lasers or other sources 
to yield new, possibly hazardous products.20,21 The high in-
tensities of laser radiation applied to tattoo removal may also 
cause various decomposition products.22–24 Scientific data to 

estimate the long-term health effects of radiation to tattooed 
skin and potentially other organs are scarce.

This review article presents the latest knowledge on 
medical complications of tattoos and permanent make-up 
(PMU) and their treatment strategies. Moreover, measures 
undertaken to protect consumers are discussed. Finally, ad-
vances in the analytics of tattoo inks and tattoo pigments 
are presented.

H E A LTH R ISK S OF TAT TOOS: 
CLI N ICA L EV IDE NCE

Categorization of tattoo complications and their 
treatment

Complications from tattoos and PMU can be categorized into 
inflammatory, infectious, proliferative and miscellaneous 
reactions (Figure 1; Table 1).25–28 Of all tattoo complications, 
inflammatory allergic tattoo reactions are frequent. These 
reactions are characterized by chronic itch or pain, usually 
restricted to one tattoo colour. Although different colours 
except black (carbon black) may have allergic manifesta-
tions, reddish tattoo pigments are involved in the vast major-
ity of cases estimated to be 97%.25,28 The clinical variations 
include ‘plaque-type’ elevation, excessive hyperkeratosis or 
rarely ulceration.25,28 The average time of onset of symptoms 
is 1 year after the tattoo is placed, varying from 1 month up 
to several years.29 The histopathology is characterized by the 
combination of dermal predominantly histiocytic infiltrates 
and epidermal interface dermatitis.30,31 Etiologically, these 
reactions are thought to be a delayed type IV allergy to tattoo 
pigments or their breakdown products.32,33 Two recent stud-
ies suggested that 2-hydroxy-3-naphthanilide (naphthol AS) 
azo pigments are likely to be involved.34,35

Treatment modalities include topical or intralesional cor-
ticosteroids. However, for a permanent treatment result, re-
moval of the culprit tattoo pigment is required. Full surface 
and fractional ablative CO2 laser therapy, surgical excision 
or dermatome shaving are possible treatments.36,37 As these 
therapies may lead to undesirable scars, especially in PMU, 
alternative therapy with systemic medication, including hy-
droxychloroquine, allopurinol and methotrexate in combi-
nation with Q-switched Nd:YAG (532 nm) laser therapy have 

F I G U R E  1   Representative manifestations of tattooed skin complications. (a) Plaque-like allergic reaction to a red tattoo on the right lower arm, (b) 
chronic inflammatory black tattoo reaction with papulo-nodules on the upper back, (c) psoriasis vulgaris in a recent black tattoo on the right shoulder, 
(d) blow out around a black tattoo of the upper arm.
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been utilized in selected cases.38–41 Tattoo-related allergies 
may also involve tattoo aftercare products or protective wear 
for the tattooist, such as latex gloves.42,43

Another frequent tattoo reaction is papulo-nodular gran-
ulomatous reaction primarily not only observed in black 
tattoos but also reported in blue and exceptionally in red 
tattoos.25,28,44 These reactions are defined as chronic pap-
ules or nodules limited to the tattooed skin, therefore named 
papulo-nodular black tattoo reactions.25,28,44 There are no 
clinical or histological signs of infection. The symptoms 

are generally mild itch or pain. The onset of symptoms 
may vary from a few weeks to several years after tattooing. 
Histopathology shows granulomatous inflammation or 
multiple granulomas, which may be sarcoid. Involvement of 
other organs is reported in 15%–21%, including pulmonary 
sarcoidosis, uveitis and erythema nodosum.25,28,44–47 Older 
black tattoos may be triggered by a more recent tattoo with 
papulo-nodular reaction and suddenly develop a similar 
pathology, the ‘rush phenomenon’.28 Therefore, with these 
reactions, screening for sarcoidosis is required. Uveitis may 

T A B L E  1   Clinical diagnosis of tattoo-associated complications by category.26,27

Categorization Description of variation

Allergic reactions, local 
in the tattoo, ‘plaque 
elevation’ and other 
local reactions

•	 ‘Plaque elevation’, f lat elevation of one specific colour and in any tattoo with that particular colour injected, type IV 
allergy

•	 ‘Excessive hyperkeratosis’, type IV allergy
•	 ‘Ulcero-necrotic reaction’, severe type IV allergy
•	 ‘Acneiform reaction’, possibly with epidermoid inclusions
•	 Allergic reactions showing ‘cross sensitivity reactions’ with activation of older tattoos similar in colour

Allergic reaction, general •	 Dermatitis/rash, primary sensitization or by challenge (nickel, preservative etc.), type IV allergy
•	 Urticaria, widespread, type I allergy
•	 Anaphylaxis on laser removal, type I allergy

‘Papulo-nodular 
reaction’, local and 
general, sarcoidosis 
associated

•	 Non-allergic inflammatory reaction, limited to parts of the tattoo that are more densely tattooed; with pigment 
agglomerates, sarcoid granuloma, or cutaneous sarcoidosis, associated with pulmonary, ocular or other systemic 
affection including erythema nodosum

•	 Older tattoos may react abruptly due to autoimmunity, the ‘rush phenomenon’.
•	 Known sarcoidosis of internal organ(s) secondarily afflicting the tattoo

Bacterial infections •	 Local, regional and possibly systemic with sepsis; Gram-positive human pathogens and environmental Mycobacteria

Viral and other 
infections/
infestations

•	 Papilloma and Herpes Simplex viruses
•	 Hepatitis B, C and HIV
•	 Lepra, syphilis, leishmaniosis

Reactions induced by 
external factors 
including light 
(‘photosensitivity’)

•	 Light and sun induced urticaria-like tattoo reactions, mostly in dark tattoos, possibly Reactive Oxygen Species (ROS) 
mediated

•	 Urticaria-like reactions by heat, trauma, alcohol intake, affecting any tattoo

‘Neuro-sensitivity 
reaction’

•	 Chronic pain and hypersensitivity in tattoo, including chronic pain syndrome induced by tattooing

Lymphadenopathy •	 Local or regional, affecting lymphatic drainage and regional nodes; podoconiosis-like with pigment obliteration, 
lymphedema or swollen nodes

Tumours •	 Keratoacanthoma, fibroma, pyogenic granuloma
•	 Malignant skin tumours, by coincidence

Abnormal scaring •	 By predisposition or as sequel of tattoo needle trauma/tattoo removal by lasers or caustic chemicals

Tattoo pigment diffusion 
or fan

•	 Horizontal visible pigment propagation in skin or deeply into underlying structures. Also called ‘blow out’

Irritant and local toxic 
events

•	 Common during tattoo healing causing delayed healing but uncommon as a chronic event

Tattoo technique failure 
and hazards, by 
mechanism

•	 Needle trauma with delayed healing, ‘overworked tattoo’, hooked needle
•	 Overdose of tattoo ink, inflammation, late healing and discharge of pigment to the skin surface
•	 Infections from identified source (needle, machine, inks)

Tattoo removal failures 
and hazards, by 
mechanism and 
technique

•	 Incomplete tattoo removal by laser, Intense Pulsed Light (IPL), chemicals/caustics/dermabrasion/salabrasion
•	 Surgery complicated by infection, scar, dyspigmentation or defect left to heal per primam

Miscellaneous •	 Local events (pimples and other minor manifestations)
•	 Provocation of other diseases by tattooing (Köbner phenomenon in psoriasis)

Psycho-social 
complications without 
and with associated 
psychiatric disease

•	 Tattoo regret ranging from mild to severe dissonance with society; tattooing of the face/neck/hands/genitals/eyes or 
covering extensive skin fields; motives that frighten
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occur as the sole complication to a granulomatous tattoo re-
action and be recalcitrant.48 Pulmonary affection and ery-
thema nodosum also may be sole complications indicative 
of systemic sarcoidosis. Treatments include local corticoste-
roids and in advanced cases, especially if ‘rush phenomenon’ 
and systemic manifestation occur, oral prednisone, immu-
nosuppressives or biologics.25,28,49 The aetiology of these 
systemic reactions may be autoimmunity triggered by tattoo 
pigment. Pigment agglomeration is suggested as a possible 
pathomechanism.50,51 Rarely, targeted therapies and im-
mune checkpoint inhibitors are other suggested triggers.52

Also skin diseases like psoriasis vulgaris, lichen planus, 
cutaneous lupus erythematosus and vitiligo have been re-
ported to be triggered by tattooing with debut of psoriasis 
directly in the tattoo or even widespread in the skin.53,54 
These skin manifestations may be induced by the needle 
trauma of the tattooing, causing an inflammatory response 
known as the Koebner phenomenon.55

Miscellaneous tattoo reactions include blow out, hypertro-
phic scarring, keloid formation, photosensitivity and neuro-
sensory pain or itch. Despite the extensive cutaneous trauma 
of tattooing, only few cases of tattoo keloid have been re-
ported.56 Neurosensory tattoo reaction is a rare complication 
defined by a chronic neurogenic pain or itch in the absence of 
clinical or histological abnormalities.25 Its pathomechanism 
is yet unknown. In terms of tattoo removal, laser-induced 
tattoo removal complications are hypo- or hyperpigmenta-
tion, blistering, scars, incomplete tattoo removal or paradoxal 
darkening. In dermatological practice, a rise of complications 
due to alternative tattoo removal approaches also has been 
observed.57 These removal methods include caustic products 
and may cause severe ulceration, infection and scarring.

In a hospital setting, the vast majority of tattoo compli-
cations are chronic. Black and red tattoos are the most fre-
quently involved, whereas green and blue tattoos represent, 
with 2%, only a small minority of the total of tattoo com-
plications.28 Dermatological practices have reported that the 
percentage of complications in PMU is relatively high with 
7%. Tattoo removal-induced complications account for up to 
6% of all tattoo complications.28

Recent research on potential 
tattoo-related allergens

The first systematic study of 90 patients with allergic reactions 
in red tattoos came out with mostly negative patch test find-
ings of a tattoo ink series, culprit inks delivered by patients, 
and the common standard battery including metals and pre-
servatives.32 Taken the period of months to years from the 
point at which the tattoo was made until the appearance of 
the tattoo allergy, it was concluded that the epitope or culprit 
allergen was likely to be formed from a chemical breakdown 
of the pigment becoming active through haptenization. Thus, 
the pigment allergen was not present in the inks bottle. This 
along with questionable skin permeation of pigments marks 
severe methodological limitations of patch testing of tattoo 

pigment allergies. Yet tape stripping and prolonged reading 
periods might improve diagnostic quality.58

In Germany's Information Network of Departments of 
Dermatology (IVDK) over 43,000 patients were patch tested 
between January 2017 and June 2021. Tattoos were increas-
ingly mentioned as suspected allergens by 0.20% of the pa-
tients in 2017 and 0.43% in 2021.

Between August 2018 and July 2019, out of 57 tattooed 
patients, 32% were diagnosed with allergic contact derma-
titis (ACD). Patch test results showed no significant differ-
ences in the proportions of positive reactions to metal salts 
between the tattooed and the non-tattooed population. 
Microbiological contamination of tattoo and PMU inks, 
which is favoured by the high content of organic substances 
and water and potentially occurring upon bottle opening, is 
commonly prevented by the addition of preservatives, up to 
concentrations of 1.5% by weight, to ink formulations.3 Since 
preservatives are potential skin sensitizers or irritants, they 
may contribute to allergic reactions following tattoo or PMU 
application. For sensitization to methylisothiazolinone (MI) 
and formaldehyde, no significant differences between tat-
tooed and non-tattooed individuals were found. Proportions 
of positive reactions to benzisothiazolinone (BIT) between 
tattooed and non-tattooed showed a noticeable, albeit not 
significant, increase in the tattooed group (6% vs. 3%). 
However, the clinical relevance of the observed positive re-
actions to BIT or nickel59 remains questionable and should 
be re-evaluated in bigger cohorts.60

A recent study aimed to estimate the occurrence and the 
concentrations of 14 preservatives in 138 inks (99 tattoo and 
39 PMU inks).61 Isothiazolinone derivatives were the most 
frequently detected preservatives in both tattoo and PMU 
ink formulations. In particular, BIT was the most frequently 
detected isothiazolinone. Undisclosed use of preservatives 
was found to be frequent, since methylparaben, ethylpara-
ben, BIT and other isothiazolinones were declared in none of 
the tested sample labels. Phenoxyethanol (PE) was found in 
24 samples, out of which only 10 were labelled as containing 
PE. With reference to the country of origin of inks, BIT was 
detected only in those manufactured in the United States, 
whereas PE was present in both Italian and US inks.

In contrast to the implemented insoluble pigment dis-
persion, which is responsible for delayed, long-lasting, and 
elevated reaction patterns of patients, the easily soluble frac-
tion of a tattoo ink is excreted within days or weeks from the 
body and may be the culprit of short-term eczematous, rash 
reactions in patients usually not consulting dermatological 
practices, particularly patients who were sensitized through 
other exposure before tattooing.62,63

Tattoos and cancer

The risk of development of skin cancers on tattoos has been 
long feared.64 A comprehensive review in 2012, which de-
scribed the occurrence of skin cancer on tattoos as fortui-
tous,65 has not been contradicted so far. While skin cancers 
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develop in the epidermis, for example basal cell carcinoma 
(BCC) in the epithelial basaloid cells and melanoma in the 
pigment-producing melanocytes, tattoo inks are generally 
injected into the deeper lying dermis with a different histo-
logical composition less associated with skin cancer develop-
ment.8,66 On the other hand, haematopoietic and lymphoid 
neoplasms arising in the T and B cells of the lymphatic sys-
tem particularly regional lymph nodes, could be more likely 
candidates.67 The number of case reports of skin cancers has 
increased but so has the number of tattooed individuals as 
well. Causality remains not documented. Only isolated case 
reports or limited series of cases of melanoma,68 basal cell 
carcinomas69 and squamous cell carcinomas70 have been 
reported. Furthermore, the experience of tattoo clinics and 
consultations throughout Europe confirms that this type of 
event is exceptional.25,28,71–74 However, keratoacanthoma, a 
rapidly growing tumour of debated malignancy can develop 
shortly after tattooing, usually within a few months after 
the tattoo was made. They may heal spontaneously despite 
sharing features of squamous cell carcinoma in histology. 
Lesions can be unique or multiple and eruptive, and they 
display a striking affinity for red-coloured tattoos. Other 
factors that could be involved in the pathophysiology of ker-
atoacanthomas in tattoos include trauma and inflammation 
during the procedure, sun exposure during healing or tat-
tooing on an area of prior chronic sun exposure. Moreover, 
patients developing these syndromes are usually older than 
those with tattoo allergies.70 Studies of mice tattooed with 
black inks and subjected to UV irradiation have shown that 
the mice as expected developed light-induced skin cancer 
in normal skin, surprisingly, contrasting significantly fewer 
skin cancers in the tattooed skin, despite the presence of the 
polycyclic aromatic hydrocarbon (PAH) benzo(a)pyrene in 
the ink used for tattooing.75 This may be attributed to the ex-
traordinarily high molar absorptivity in the UV and visible 
ranges of PAHs. In a similar study with a red ink containing 
2-anisidine and UV exposure, few skin cancers developed, 
but the co-carcinogenic effect was uncertain, since counting 

of lesions also may have included keratoacanthomas, known 
to be associated with red pigments.76

Due to the transport of tattoo pigments, the exposure 
of the regional lymph nodes is of highest concern.12,77 
Although unknown, it appears plausible that this local 
exposure to pigment particles, particularly with metal 
content, could trigger an immune response in the lymph 
nodes as an effort to defend the body.78,79 The defense 
efforts of the immune system could give rise to chronic 
inf lammation, a mechanism closely linked to cancer de-
velopment.8,80 Since blood vessels are damaged during 
tattooing, some pigments may enter the blood stream. 
Primary aromatic amines (PAAs) as possible carcinogenic 
decomposition products of organic pigments and PAHs as 
possible impurities in organic pigments are of particular 
systemic concern.15,18,81,82

Several in vitro studies have shown the appearance of car-
cinogenic substances upon tattoo laser treatment. Therefore, 
the risk of skin cancers or inner organs cancers after such 
treatments remains of concern.22,24,83,84 For example, de-
composition products of an azo pigment (Pigment Orange 
(PO) 13) and a quinophthalone pigment (Pigment Yellow 
(PY) 138) were identified in tattooed pigskin upon irradia-
tion with a Q-switched ruby and Nd:YAG laser (Figure 2).22 
Among others, the carcinogens hexachlorobenzene (HCB) 
and 3,3′-dichlorobenzidine (DCBD) were detected upon the 
laser treatment of PY 138 and PO 13, respectively. While 
HCB is a non-genotoxic carcinogen, DCBD induced DNA 
double-strand breaks at relevant concentrations.

To date, only two limited case–control studies have 
analysed the relationship between tattoos and cancer.85,86 
However, the results of these studies, both re-analyse 
case–control data collected (mostly) approx. 20 years ago, 
remain elusive due to major methodological limitations. 
However, there are recent advancements: To prospec-
tively study the potential relationship between tattoos and 
cancer, the International Agency for Research on Cancer 
(IARC) and the German Cancer Research Center (DKFZ) 

F I G U R E  2   (a) Pigskin tattooed with quinophthalone pigment yellow (PY 138) and the diazo pigment orange (PO 13) displayed as bright field (BF) 
and 4′,6-diamidino-2-phenylindole (DAPI) staining of the cell nuclei with pigment autofluorescence (AF) (scale bar = 100 μm). (b) Laser decomposition 
products of the pigments upon irradiation of the pigskin with three laser wavelengths. The pink-coloured fields indicate the concentration of the 
detected products as for >10 pmol (bright), >100 pmol (middle), and >1000 pmol (dark). Hydrogen cyanide (HCN), hexachlorobenzene (HCB), 
3,3′-dichlorobenzidine (DCBD), limit of quantification (LOQ).22
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have set up a tattoo exposure collection in the French and 
German national cohorts, Constances and NAKO.87,88 
Each cohort enrolled approximately 200,000 individuals 
and collected detailed data on sociodemographic factors 
and potential confounders. Cohort participants are being 
followed up prospectively to compare the occurrence of 
certain diseases, including cancers, among the tattooed 
versus non-tattooed cohort participants.89 Due to the 
large number of tattooed people followed in both cohorts 
(~30,000 combined), this approach will also allow assess-
ment of dose–effect relationships. While the study design 
is scientifically sound, due to the low haematopoietic can-
cers incidence and a presumably long lag time, reliable re-
sults based on sufficiently large numbers are expected in 
10–20 years only.

R ISK ASSE SSM E N T A N D 
R EGU L ATION OF TAT TOO I N K S: 
CH A NCE S A N D CH A L L E NGE S

Gaining in vitro, human and in silico data on 
tattoo ink toxicology

Risk assessment in general is conducted by the combina-
tion of data on the inherent health hazards of a certain sub-
stance, product or mixture with data on human exposure. 
For tattooing, only limited exposure data exists.6,90,91 In 
2021, a short-term biokinetics study for soluble ink ingre-
dients was conducted with human volunteers.92 This study 
depicts a realistic exposure scenario and can be used to cal-
culate the dose, that is the amount of ink per tattooed square 
centimetre. However, quantitative pigment distribution data 
would require first the development of analytical techniques 
for pigments in biological matrices followed by appropriate 
human or animal studies.

Data gaps also exist in terms of in  vitro tests that can 
be used to assess possible toxicological effects of tattoo 
inks.93 For soluble ingredients, Organisation for Economic 
Co-operation and Development (OECD) test guidelines 
and other standardized methods can be applied. Yet these 
were not designed to address the intradermal application 
route. Moreover, some of the most common adverse ef-
fects of tattoos, such as contact allergies, can to date not be 
linked to specific compounds or pigment properties.25,28,35 
Frequent side effects with unknown aetiology are photore-
actions in tattoos after sun exposure.94 Recently, the first 
model representing healed tattooed skin was developed.95 
Phagocytizing immune cells were incorporated into the 
model to resemble healed tattooed skin. In a proof-of-
principle study, the model's applicability for phototoxicity 
testing was investigated.96 Other commercial 3D models 
are helpful in investigating the general toxicity of tattoo 
inks during wound healing.97 In some of these experi-
ments tattoo inks were found to have a negative impact on 
cell viability. Application of in silico toxicity predictions in 
combination with existing in vivo and in vitro data needs 
to be evaluated regarding its suitability for tattoo ink risk 

assessment, in particular for the identification of structural 
alerts and confirmation purposes.98

Current regulations and future recommendation

The growing popularity of tattoos and PMU over the past 
years, particularly in the young population, has increased 
concerns about the safety of tattoo inks.99 In the EU, adopt-
ing the REACH restriction (entry No. 75, Annex XVII to 
Regulation (EC) No. 1907/2006) on substances in tattoo inks 
or PMU, aims to protect the health of EU citizens.100 The 
restriction bans substances prohibited in cosmetic prod-
ucts, harmonized classified chemicals that are carcinogenic, 
mutagenic or toxic for reproduction, and substances caus-
ing skin sensitization, skin corrosion or irritation, and eye 
damage or irritation. Maximum concentration limits have 
been established for either groups or individual substances 
such as certain azo pigments and carcinogenic PAAs, PAHs, 
metals (As, Ba, Cd, Cr, Co, Cu, Zn, Pb, Se) and methanol. 
The restriction also provides harmonized labelling require-
ments to give consumers and tattooists additional informa-
tion, facilitate the implementation of the restriction, prevent 
fragmentation of the internal market and ensure that inves-
tigations can be carried out properly in the event of adverse 
health effects. National laws within EU member states, for 
example in terms of labelling or sterilization requirements, 
may still apply additionally. The progress in regulatory ac-
tivities in the EU and the development of risk assessment 
criteria for tattoo inks are depicted in Figure 3.

In the United States, tattoo inks meet the definition of 
cosmetics and tattoo pigments meet the definition of colour 
additives. Currently, no colour additives have been approved 
by the US Food and Drug Administration (FDA) for in-
jection into the skin for cosmetic purposes, and no tattoo 
pigments have been approved by the FDA for use in tattoo 
inks. The FDA learns of problems with tattoo inks and pig-
ments through adverse event reports that are received by the 
agency through its MedWatch system or the Center for Food 
Safety and Applied Nutrition's Adverse Event Reporting 
System (CAERS).

With the aim to improve consumer safety, the German 
Institute for Risk Assessment (BfR) has compiled a set of 
requirements and test methods.93 These are intended to 
set the criteria for evaluating risks from tattoo inks and 
their ingredients according to the current state of science 
and technology. A series of OECD test guidelines were se-
lected based on their potential suitability for testing tattoo 
pigments (Figure  4). Nonetheless, as pigments possess dif-
ferent solubilities and may contain a considerable fraction 
of nanomaterials, adaptations of the test guidelines have 
to be considered.101 Potential effects of substances leach-
ing under physiological conditions needs to be considered. 
Furthermore, tests based on epithelial cornea models or re-
constructed human skin models require adaptations mimic a 
realistic exposure scenario, that is the placement of pigments 
into the dermis. Such models lack the mechanical injury of 
their barriers, which is typical for the tattooing procedure.
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A NA LYSIS OF TAT TOO 
I N K I NGR EDIE N TS

Statistical data on inks used in 2019: A historical 
benchmark

The leading Danish electronic registration system InkBase 
used by over 100 tattoo studios collected systematic infor-
mation on approximately 40,000 tattoo clients, who were tat-
tooed in around 50,000 sessions with over 110,000 different 
colours. The mean number of colours per client was 2.8. In 
2019, 98% of inks were produced in the United States with 

Eternal Ink, Fusion Ink, World Famous Ink, Intenze Ink and 
Dynamic Colours comprising 91% of the market. Despite the 
large number of registered inks, only 35 different pigments 
appeared on the bottle labels. The most frequently labelled 
pigments were: titanium dioxide (32%), carbon black (22%), 
Pigment Blue (PB) 15 (14%), Pigment Red (PR) 101 (6%), PR 
170 (5%), Pigment Green (PG) 36 (5%), PO 13 (4%), PR 210 
(4%), PY 14 (4%), PG 7 (1%) and Pigment Violet (PV) 37 (1%).

Yet, pigment labels do not necessarily represent the 
chemical composition of the inks. In a Swiss market surveil-
lance study in the year 2020 with 85 tattoo inks, 19 samples 
(22%) contained one or more banned pigments in relevant 

F I G U R E  3   Progress in regulation and risk assessment of tattoo inks in the EU. DK, Denmark; IT, Italy; NOR, Norway.3

Resolutions
ResAP(2003) and
ResAP(2008)1

2020
Entry into force of the first
harmonized regulation of

ingredients of tattoo inks in the EU

2023
Establishment

of the BfR 
Commission

for Tattoo Inks

2017
Dossier on tattoo inks and

permanent make-up

DK, IT, NORJoint Research Center

A report on national
legislative frameworks,
ink ingredients in use
and reported adverse

health effects, as well as
new data on analytical 

methods, statistics, 
andmarket surveillance

F I G U R E  4   Selected endpoints for the toxicological assessment of tattoo pigments. GLP, good laboratory practice; OECD, Organisation for Economic 
Co-operation and Development.

Minimum requirements - in vitro/in chemico testing
Consider compatibility of tests with the physico-chemical properties of pigments
Test according to OECD Test Guidelines and GLP

Skin
irritation &
corrosion

PhototoxicityEye irritation
& damage

Skin
sensitisation

Mutagenicity/genotoxicity 
incl. photogenotoxicity
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quantities (PG 7 (7%), PR 122 (6%), PR 112, PV 19, PV 23 and 
PY 83 (3%)).102 Of these 23 instances, only two were correctly 
declared on the product label. In comparison, legal pigments 
which were not declared were only found in six samples. 
This indicates that manufacturers might be knowingly using 
clandestine pigments, especially for green, magenta and vi-
olet tattoo inks.

Analysis of tattoo pigments

Analysis of organic pigments and metallic 
impurities—Work in progress

Several methods for the identification of organic pigments 
in tattoo inks or biological specimens have been pub-
lished.2,103–107 The analytical methods used, Fourier trans-
form infrared spectroscopy (FTIR), Raman spectroscopy, 
laser desorption/ionization–time of flight–mass spectrom-
etry (LDI-ToF-MS) and pyrolysis gas chromatography–mass 
spectrometry (Py-GC–MS), seem less suited for quantitative 
analysis of pigments in inks, especially in complex mixtures 
or at levels below 0.1% as required by the REACH restriction.

The development of a quantitative determination of pig-
ments by high-performance liquid chromatography (HPLC) 
was presented recently.108 In this method a screening step 
is employed where small amounts of ink are extracted 
with small volumes of Dimethylformamide (DMF), N-
methylpyrrolidone (NMP) and chloronaphthalene (CLN) 
each using an ultrasonic homogenizer. Mono azo pigments 
like PR 22 (C.I. 12,315), PR 210 (C.I. 12,477) or PY 74 (C.I. 
11,741) are generally well extracted with DMF, whereas other 
pigments PV 19 (C.I. 73,900) or PR 122 (C.I. 73,915) are better 
extracted with NMP. Once extracted, samples are analysed 
by a standard reversed-phase HPLC method with photodi-
ode array detection (DAD) using a C8 stationary phase and 
gradient elution with phosphate buffer pH 6, methanol and 
acetonitrile. This method was used to determine organic 
pigments in 64 tattoo ink samples from the Swiss market. 
An assessment based on the REACH regulation showed that 
78% of the samples contained relevant levels of forbidden 
pigments.

Hazardous metals in tattoo inks can be analysed by 
total digestion of samples109 and followed by determina-
tion of the metal concentrations.110 Recently, analytical 
methods have been developed and validated for the mea-
surement of metal and metal nanoparticles concentrations, 
average particle size and particle size distribution by using 
inductively coupled plasma mass spectrometry (ICP-MS) 
and ICP-MS coupled online with separation techniques 
and multiple detectors.111–114 In particular, the presence of 
the metals Pb, Sb and Sn exceeded the set concentration 
limits under REACH. For the quantification of Cr(VI), 
an alkaline extraction of inks followed by ion chromato-
graphic separation coupled to ICP-MS was developed and 
applied.114 Results showed that 55% of the inks contained 
Cr(VI) exceeding the set limit.

In addition, a method using single particle ICP-MS (SP-
ICP-MS) was developed for the counting and sizing of metal 
nanoparticles.112 The study reported on several metals and 
metal oxides at nano- and micro-size ranges, with smaller 
particles found for Pb and Zn (27–38 nm), intermediate sizes 
for Cr and Cu (50–59 nm) and diameters between 100 and 
300 nm for Al and Ti particles. Moreover, the online cou-
pling of ICP-MS with asymmetric flow field fractionation 
and multi-angle light scattering (AF4-MALS-ICP-MS) was a 
powerful method for separation and the subsequent quanti-
fication of the metal nanoparticles.113

Identifying tattoo pigments in human 
skin samples

When adverse skin reactions within the tattooed region 
occur, especially allergic reactions, histological findings 
should be accompanied by chemical analysis to detect pos-
sible culprit pigments.115 A laser ablation (LA)–ICP–MS 
method was developed, and external calibration via matrix-
matched standards was used to quantify metals directly in 
the tissue. Here, the spatial dimension allowed the differ-
entiation from endogenous elements and the correlation of 
metal signals to visible pigment areas.116 Additionally, X-ray 
fluorescence (XRF) was used to identify more abundant 
metals in skin and lymph node samples116,117 while X-ray ab-
sorption near edge structure (XANES) analysis was capable 
of determining crystal structures of TiO2.34,117

Organic pigments in skin samples were previously 
identified by vibrational spectroscopy techniques, for ex-
ample Raman spectroscopy103,118 and FTIR.103,117 These 
techniques were limited when pigment mixtures were as-
sessed105 or when more complex matrices, for example 
human tissue, were investigated.119 Therefore, skin material 
was investigated by LDI-MS117 and matrix-assisted LDI-MS 
(MALDI-MS)119 after enzymatic digestion with collagenase 
and, subsequently, mechanical disruption. The addition of a 
highly absorbing matrix in MALDI enhanced signal intensi-
ties compared with LDI.119

Two recently published studies analysed the elemental 
and molecular composition of tattoo pigments in human 
skin samples with similar approaches.34,35 In one study, con-
ducting spatially resolved analysis, samples were taken as 
samples were taken as punch biopsies of adversely reacted 
tattooed areas (Figure 5). Initially, μXRF was used for rapid 
and non-destructive screening of characteristic elements of 
inorganic pigments and heteroatoms in organic pigments. 
LDI-MS and mass spectral library matching acquired molec-
ular information. A comprehensive study of 68 skin samples 
resulted in the detection of the elements Ti and Fe as well as 
the pigments PR 122 (C.I. 73,915), PR 170 (C.I. 12,475), PR 
266 (C.I. 12,474), PB 15 (C.I. 74,160) and PV 19 (C.I. 73,900). 
Frequent co-occurrences were observed for Ti and PR 122, as 
well as for PR 170 and PR 266. The latter can be explained by 
a commonly used pigment mixture, namely PR 210, contain-
ing both PR 170 and PR 266.
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The possibilities of using Raman spectroscopy to deter-
mine tattoo pigments and its use as a screening tool for diag-
nostics of tattoo complications were demonstrated as well.120 
This non-destructive method can be used for in vivo mea-
surements while maintaining a safe radiation power level. By 
using tissue phantoms, mimicking the skin optical proper-
ties, it is possible to investigate the light scattering behaviour 
on various samples. Moreover, due to their tunability, tissue 
phantoms can be used to calibrate optical measurements of 
substances in the skin.120–122

CONCLUSIONS

Medical-toxicological insights of tattoo complications as 
well as the preventions of risks remain despite better knowl-
edge today hampered by huge knowledge gaps with respect 
to clinical, epidemiological, chemical, physical, toxicologi-
cal and experimental research. The research field is highly 
complicated and facetted. Tattoo inks are industrial prod-
ucts with many impurities and contaminants and major 
variations between brands, batches and particles. The field 
is severely under-researched. Tattooing is performed by 
single dose injection in skin of robust and insoluble physi-
cal pigment particles. Their slow breakdown with chemi-
cals released to the body over years has found no valid 
toxicological model for the study of the biokinetics of this 
extraordinary dosage form and the long-term exposure of 
risk organs. Toxicological standard models to characterize 
potential risks such as carcinogenicity, potential for allergic 

sensitization and photosensitivity are primarily applied to 
soluble substances and not directly applicable to tattoo inks 
and tattoo pigments. Thus, an algorithm for tattoo ink prod-
uct assessment is not on hand, and surveillance strategies to 
register and limit risks of tattooing should be further devel-
oped and forcefully instituted since hundreds of millions of 
world citizens are exposed.

SEARCH STRATEGY AND SELECTION  
CRITERIA

Data for this review were identified by searches PubMed 
and references from relevant articles using the search terms 
“tattoo”, “tattoo inks”, and “tattoo pigments”. Reports from 
meetings were included only when they related directly to 
previously published work.
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by micro-X-ray fluorescence (μXRF) and laser desorption/ionization–mass spectrometry (LDI-MS), respectively. In μXRF analysis, sulphur (S) can be 
used to display the tissue structure, while iron (Fe) and titanium (Ti) occur as highly concentrated elements in inorganic pigments. Organic pigments 
are identified by mass spectral library matching after LDI-MS analysis. In the exemplary skin sample, the spatial distribution of sodium adducts ([M+ 
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