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Abstract. 

Tattoos are not mentioned as a source of exposure to nickel. Traces of nickel are almost 

inevitably found in tattoo inks as impurities and sometimes in tattooed skin. The question 

whether nickel in tattoos has any health consequence is debated. We performed a narrative 

review of what is currently known about this topic. Today, nickel is frequently detected in inks, 

but at highly variable levels. It appears to be at higher concentrations in green, blue, sometimes 

brown and violet. Only nickel allergy in tattooed individuals and nickel -associated tattoo ink 

allergy are addressed in the literature. Reports of tattoo ink allergy related to nickel are rare 

and heterogenous. Authors often neglect possible implications of other metals or dyes. A 

positive patch test is not enough to confirm the role of nickel in a tattoo reaction. We found no 

report of any systemic complication attributed to nickel from tattoos. The Council of Europe 

ResAP(2008)1 ban the presence of nickel at high level in tattoo inks, which is a safety net for 

individuals with nickel allergy. Large epidemiologic case-control studies with systematic 

biopsies on normal and inflamed tattoos and patch-testing would help to understand the role 

of nickel in tattoo ink allergies. 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Tattoos are exceedingly popular as approximately 18% of the adults have at least one tattoo.1 

Allergic reaction to tattoo ink (or “tattoo ink allergy”) is the most common complication, that is 

encountered in specialized consultations.2-4 There are is international definition for an allergic 

tattoo reaction. We previously defined it as i) a chronic and constant reaction, ii) restricted to 

one or more tattoos, iii) limited to one colour, iv) occurring within a variable time frame, from 

immediately immediately after tattooing to many years later, v) clinically characterized by a 

swelling affecting a part of this colour or its totality, realizing a permanent diffuse infiltration, 

vi) often associated with pruritus and more rarely with pain.5 Ink allergy develops mostly 

against red shades.6 It is challenging to treat, with a protracted evolution, and a non-negligible 

impact on quality of life due to local itch or pain.7 Tattoo inks are a complex mixture of 

pigments or dyes, metallic salts and various additives8 and unifying culprit seems unlikely. Ink 

allergy is not a contact allergy stricto sensu as the culprit allergen is in the dermis. Contact 

dermatitis after tattooing are usually caused by aftercare products. Nickel is the most common 

cause of contact allergy and concerns 8 to 19% of adults worldwide.9-10 It is used in large variety 

of products. Sources of exposure include metallic items such as piercings, household products, 

cosmetic and implants.9 We performed a narrative review of the current knowledge about 

nickel in tattoos. References for this Review were found through a search of PubMed by use of 

the terms “tattoo or tattoos or tattooing” AND “nickel” with no time restriction. This review will 

not discuss specifically other metals in tattoos.  

 

1. Prevalence of nickel allergy in tattooed individuals 

There are very few data regarding the prevalence of nickel allergy among tattooed individuals. 

Fors et al evaluated the prevalence of patch-tested nickel allergy in 4376 Swedish pupils (aged 

15-23 years) and compared the results to lifestyle including tattoos.11 Five percent of the 

participants had tattoos (6% of the girls, 3% of the boys). Tattooed boys had a three-fold and 

girls a two-fold risk increase in nickel allergy compared to non-tattooed peers. However, 

multivariate analysis failed to find an association with tattooing. Piercing increased the risk of 

allergy and pierced individuals tended to have tattoos.11 In a more recent Swedish study among 

3115 adolescents aged 16 yo, 2.4% (n=71) had tattoos. 12 Tattoos were significantly more 



  

common among the nickel-positive adolescents (4.2%) compared to those nickel-negative 

(1.7%). Self-reported tattoos were associated with increased odd ratio of contact allergy to 

nickel (adjusted OR 2.34,95%CI: 1.02-5.39).12 However, the authors did perform statistical 

adjustment for gender, but not for piercing. Piercing is a major factor as 83% (n=59) of the 

tattooed adolescents had piercings and piercing is strongly associated with nickel allergy.12 

 

 

 

2. Nickel in tattoo ink samples 

Among eleven studies on samples on tattoo inks,13-23 numerous failed to report nickel.13-15,17,19 

Forte et al were the first to find nickel in a large survey of 56 inks from four different brands.20 

Nickel ranged from 0.037 to 9.59 μg/g and exceeded the safe allergological limit (at the time of 

the study) of 1 μg/g in 16% of cases (nine inks, all four brands had a least one ink over ranged). 

Colors that tended to have the highest amount were blue, green, violet and brown. Red hardly 

reached the safe limit.20 Cristaudo et al analyzed seven tattoo inks collected from tattoo shops 

(four colors: black, blue, red, violet).21 Nickel was detected in all sample (0.10-9.50 μg/g), but 

the highest concentrations were found in black and blue colors (2.1-9.50 μg/g). 

Corazza et al were the first to find nickel in a red ink.16 Graphite furnace atomic absorption 

demonstrated the presence of nickel at 1.90 μg/g in the ink. The patient had a lichenoid red 

tattoo reaction a few weeks after tattoo completion. Patch tests showed a strong reaction to 

nickel and to the original “cardinal red” pigment, but not to mercury.  The authors concluded 

on a possible role of nickel. However, the authors did not provide information regarding the 

levels of other elements in the ink. Cardinal red was indeed expected to contain cinnabar 

(mercury sulfide).16 Jäger & Jappe reported the case of a 52 year-old-woman who developed a 

reaction three days after permanent make-up of the lips.18 Patch tests were strongly positive 

for nickel sulfate (+++ at 72 h) and mildly for the lip liner (+ at 72 h). Nickel was found at the 

concentration of 1.8 μg/g. The detection by mass spectrometry of other elements was again 

omitted.18  

 



  

3. Nickel in tattooed skin samples 

We found only seven publications, in which the authors performed tattooed skin samples 

analysis for nickel.13,21,23-27   

Serup et al performed the largest analysis with a series of 104 skin biopsies from 104 patients 

with an allergic reaction in a red tattoo.23 Sixty-four percent (n=70) of the samples contained 

nickel at a mean concentration of 1.05 μg/g and 54% of the samples were above maximum 

control values.16 Morales-Callaghan et al identified iron, cobalt 12 μg/g , nickel 11 μg/g , and 

zinc 100 μg/g  in the biopsy of a granulomatous reaction, that developed within the black part 

of a 10-month-old tattoo in 23-yo woman. Patch tests displayed positive reaction to nickel, 

cobalt, and cadmium.25 Cristaudo et al analyzed skin biopsies of three patients with 

pseudolymphoma in the red part of tattoos.21 Eruption appeared between 12 to 18 months 

after tattooing for two patients. Nickel was found in all samples from 0.84-2.48 μg/g. Other 

detected metals were: cadmium, cobalt, chromium, mercury and lead. Patch tests were 

negative for all patients. The authors reported that they collected the inks involved at the 

shops, however due to the delay of onset> 1 year after tattooing, it is unlikely they analyzed the 

culprit vials (table 1).21 Schreiver et al analyzed four samples of human tattooed skin from 

anonymous deceased individuals.26 None of the individuals were reported to display an allergic 

reaction on their tattoos at the time of the study. Nickel was found at different levels. Medical 

history, habitus and occupational exposure were unknown.26 Van der Bent et al reported a 40 

yo woman who developed an itchy reaction against green color within a 10-year-old tattoo.27 

Reaction developed 6 years after tattooing. Patch testing was positive for nickel sulfate (++) at 

72h, but also methyldibromo glutaronitrile (++), palladium (+++) and cadmium (+). Micro-Xray 

fluorescence analysis and laser ablation-inductively coupled plasma-mass spectrometry 

revealed the presence in the tattoo reaction of chlorine, titanium, chromium, iron, nickel, 

copper, zirconium and niobium. The concentration of nickel ranged from <7 μg/g to > 30 μg/g. 

The overall mean concentration in the skin sample was not provided.27  

 

4. Prevalence of nickel allergy in patients with an allergic tattoo reaction. 



  

A study of allergy patch testing in 90 patients with chronic tattoo reactions, including allergy in 

red tattoos, but not only, showed positive reaction to nickel sulfate in 21% of the cases. All of 

those nickel patch test positive group was sensitized before the tattooing.28 In a second series 

from the same group of 104 patients with allergic reactions in red tattoos, 27% stated that they 

had metal allergy.23  In a retrospective review by the North American Contact Dermatitis Group 

from 2001 to 2016, 29 individuals were patch tested for tattoo related allergic contact 

dermatitis. The group found only one individual (4%) with nickel allergy. However, the study is 

limited by the lack of distinction between temporary and permanent tattoos.29 In a series of six 

patients with reactions in red tattoos, two of them had positive patch tests to Nickel.30 

 

5. Needles as another source of nickel? 

Schreiver et al found that tattoo needle wear, composed of iron, 6-8% nickel and 15-20% 

chromium, could be deposited in the skin in case of presence of titanium dioxide in the ink used 

for tattooing.31 However, this is a unique small study and nickel was found both in the skin and 

draining lymph nodes. Of interest, they also found in a patient with an allergic skin reaction in a 

tattoo, high nickel concentration was found in the tattooed skin was attributed to possible steel 

wear from the tattoo needle.31 Therefore, metals found in tattooed skin samples may have 

various origins (tattoo inks, needle wear or other environmental factors). 

 

6. Interpretation and limitations 

Nickel is definitely present in tattoo inks and tattooed skin samples.  It mainly originates from 

pigments impurities, mainly iron oxides,31,32 but also possibly needle wear and other individual-

based environmental factors.23 Nickel concentrations are highly variable between brands and 

colors. Therefore, detection of nickel in inks or tattooed skin sample should not be a surprise 

and caution is warranted regarding interpretation. The likelihood of a fortuitous discovery of 

nickel allergy in tattooed individuals during patch testing is high.28  

To date, there is no evidence that tattooing is an independent risk factor for nickel allergy. 

Piercing is a major cofounding factor,11,12 and other environment factors need to be considered, 



  

such as occupations9 or smoking for instance. Indeed, smoking is prevalent among tattooed 

individuals33 and associated with nickel sensitization.34 

Evidence that nickel could be implicated in tattoo reactions are very limited. The few detailed 

clinical reports about tattoo reactions and nickel allergy are heterogenous: lichenoid reaction to 

red,16 pseudolymphoma to red,21 granulomatous reaction to black,25 lympho-histiocytic 

reaction to green.27 Authors usually speculate on the role of nickel based on patch tests and 

detection of nickel in the ink or in the skin, with the limitations stressed above. The possible 

role of other metals like mercury,16 azo or other dyes23,28,30 is usually neglected. Besides, green, 

blue, sometimes brown and violet are the colors that contain the highest concentration of 

nickel in the reviewed studies. This is important as large studies have focused on red tattoo 

reactions.23   

Nickel allergy could play a role in already sensitized individuals causing elicitation reactions in 

new tattoos during the first days after tattooing, as suggested by Serup et al.28 For instance, the 

case reported by Jäger & Jappe with a PMU reaction within a few days in a woman with nickel 

allergy fits this hypothesis.18 On the other hand, allergy to nickel is unlikely to explain delayed 

reaction months to years after tattooing.23,28  

There is a gap of knowledge in the amounts of tolerable nickel injected intradermally and the 

risk of elicitation. Nickel soluble ions are responsible for nickel allergy.9,23 In tattoo inks, iron 

oxides are one of the main sources of nickel as an impurity. However, nickel in iron oxides is not 

soluble in water, and therefore its bioavailability should be limited and its implication in allergy 

reaction unlikely.32 According to the Resolution ResAP(2008)1 of the Council of Europe,35 

maximum levels of nickel should be “as low as technically achievable”.  The lack of analytical 

methods and of clear threshold leave room for interpretation by the authorities.32 In 2016, 

specific legislation, based on the Council of Europe ResAPs (either of 2003 or 2008), existed in 

seven Member States and three European Free Trade Association countries.36 Therefore studies 

prior to 2009-2010 are unlikely to have any relevance anymore. Inks that do not respect the 

ResAP(2008)1 are expected to be withdrawn from the European market. Current inks on the EU 

market are expected to have very low level of nickel impurities, which is an important safety 



  

net for patients with nickel allergy. It is also important to know when and where tattoos have 

been performed, as well as the origin of the inks, when analyzing a tattooed skin sample.  

Of note, a new REACH regulation on tattoo inks  has been accepted in EU and will be in force 

from 4 January 2022.37  

The exploration of tattoo allergy in a patient is also challenging. The chemistry of inks is 

complex and numerous components are possible culprits. There are no reliable standardized 

tests available to identify the cause of these reactions in clinical practice.38 Missing information 

on the ingredients of the ink has also an impact on patch tests interpretation.  The lack of 

studies on the importance of nickel release from tattoo needles should be mentioned. As the 

needle is forced 3000 times/minute through the epidermis and into the dermis, this area of 

research deserved more focus. 

Lastly, limitations of our review include that we did not include possible ink studies performed 

by national authorities. Additional case reports with positive nickel patch testing may have 

been missed. 

 

7. Conclusion 

The impact of nickel in tattoos is largely unclear. The main difficulty is currently to advice 

properly individuals with nickel allergy, who are willing to get tattooed. According to non-

controlled studies, nickel allergy seems to be more frequent in those with a tattoo reaction 

than in the general population. On the European market, professional manufacturers should 

respect the current European resolution and nickel should be now at the lowest achievable 

level. Regarding the implication of nickel in tattoo reactions, only large epidemiologic case-

control studies would help to understand the role of nickel. Studies should not only include 

patients with tattoo reactions, but also tattooed controls. Explorations should include analysis 

of cutaneous biopsies from inflamed area, but also from healthy tattoos and associated with 

systematic patch-testing.   
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Table 1. Detection of nickel in inks and tattooed skin  

Inks analysis 
Samples (n) Technic used Nickel detection 

(yes/no, levels) 
Reference 

4 EDXS  No Taafe, 1978 [13] 
1 XRF No Clarke, 1979 [14] 
30 Electron x-ray No Timko, 2001 [15] 
1 AAS Yes, 1.90 μg/g1  Corazza 2002 [16] 
19 EDXS No Schmitz, 2004 [17] 
1 MS Yes, 1.80 μg/g1  Jäger, 2005 [18] 
28 Diode-array 

spectrophotometry 
No Beute, 2008 [19] 

56 ICP-MS Yes, 0.037-9.59 μg/g 
Samples exceeding 
the safe limit in 9 
inks (16%) 

Forte, 2009 [20] 

7 ICP-MS Yes, 0.10-9.50 μg/g Cristaudo, 2012 [21] 
7 Synchrotron 

radiation XRF, AAS, 
Raman spectroscopy 

Yes, one ink (black) 
contained 0.4 μg/g. 

Manso, 2018 [22] 

7 ICP-MS 0.7 μg/g1 (0-9.6) Serup 2020 [23] 
Tattooed skin analysis 

Skin biopsies samples 
(n, color and reaction 

Detection technic  Nickel (yes, no, 
levels) 

References 

4, red, lichenoid 
reaction  

EDXS No Taafe,1978 [13] 

18, red, various 
tattoo reactions  

EDXS No Sowden, 1991 [24] 

1, black, 
granulomatous 
reaction 

AAS 

 

Yes, 12 μg/g1,  Morales, 2006 [25] 

3, red, 
pseudolymphoma 

ICP-MS Yes, 0.84-2.48 μg/g Cristaudo, 2012 [21] 

4, red, green, blue, 
normal tattoos.  
 

ICP-MS Yes, 0.45-2.51 μg/g1 Schreiver, 2017 [26] 

1, green, 
lymphohistocytic 
reaction 

XRF, ICP-MS Yes, no mean value Van Der Bent, 2020 
[27] 



  

104, red, various 
tattoo reactions 

ICP-MS 67% of the samples 
had nickel  
Mean 1.05 μg/g1 
(0.02-7.75) 

Serup, 2020 [23] 

1Data in the articles provided as ppm.  
AAS : Atomic absorption spectroscopy ; EDXS: Energy-dispersive X-ray spectroscopy; ICP-MS: 
inductively coupled plasma mass spectrometry; MS: mass spectrometry; XRF: X-ray 
fluorescence 
 




