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CASE REPORT

A 40-year-old woman visited the allergology department because of a
10-year-old tattoo on her right lower leg that had been itching for
4 years, specifically in the green part. The other tattoo areas, that is, red
and black, were asymptomatic. There were no triggering factors, and the
patient had no further relevant medical history. On physical examination,
we observed excoriations on the lower right leg, mainly in the green tat-
tooed area (Figure 1). Skin biopsy showed a lymphobhistiocytic inflamma-
tion with green pigment agglomerations. Patch testing on the back was
carried out with the European baseline series, Dutch supplements, and a
metal series. The original green tattoo ink could not be retrieved for test-
ing. Remarkably, during patch testing, the patient’s dermatitis worsened.

The results included ++ reactions to nickel sulfate 5% pet. and

FIGURE 1 Picture of the patient showing excoriations in the green
part of a tattoo on the right lower leg

methyldibromo glutaronitrile 0.3% pet. on day (D) 3. Furthermore, a +++
reaction to sodium tetrachloropalladate 3% pet. and a + reaction to cad-
mium chloride 1% pet. were observed on D3.

In order to identify chemical elements present in the pigment
region, chemical analysis of the skin tissue was carried out. A 3-um-
thick formalin-fixed paraffin-embedded section was analysed after par-
affin removal by use of chemical imaging techniques, namely, micro-X-
ray fluorescence analysis (u-XRF) and laser ablation-inductively coupled
plasma-mass spectrometry (LA-ICP-MS). Because, with these tech-
niques, no extraction of the pigments had to be performed before anal-
ysis, elemental distribution patterns within the tissue could be
recorded, and by using these distributions we were able to distinguish
between endogenous elements coming from the skin tissue itself and
exogenous elements from the tattoo ink. The quantification of the pre-
sent elements was performed with LA-ICP-MS by use of an external
calibration with matrix-matched standards made from gelatin. These
standards, which contained defined element concentrations, were sec-
tioned to the same thickness as the tissue thin section, and analysed
with identical laser ablation and mass spectrometric parameters. The
elemental concentrations in the gelatin standards were determined
with LA-ICP-MS after acidic digestion. Detailed method descriptions
and parameters are shown in Supporting Information File S1.

By using p-XRF and LA-ICP-MS, we showed that chlorine, tita-
nium, chromium, iron, nickel, copper, zirconium and niobium were pre-
sent in the pigment region. As one example, the results for nickel are
shown in Figure 2. The microscopic image of the investigated thin
section shows green pigment agglomerations beneath the epidermis in
the dermis (Figure 2A). Figure 2B shows the obtained distribution pat-
terns for nickel (magenta) and phosphorus (blue) as an overlay image.
Phosphorus as an endogenous element was used here to visualize the
tissue structure of the skin. Because there is a higher phosphorus con-
tent in the epidermis than in the dermis, these two skin layers can be
distinguished, and the tissue can therefore visualized. From this phos-
phorus distribution in the overlay image with the nickel distribution, we
can clearly see that the nickel signals were mainly located beneath the

epidermis in the dermis of the skin, as we expect in a tattoo, and as is
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FIGURE 2 Elemental analysis by means of laser ablation-inductively coupled plasma-mass spectrometry. (A), Microscopic image of the
investigated thin section. (B), Overlay image of phosphorus (eg, from nucleic acids for visualization of the tissue structure) and nickel. The overlay
image facilitates the allocation of the nickel signals within the tissue structure. (C), Quantitative distribution of nickel. Signals below the limit of

quantification (7 pg/g) are illustrated in grey

also visible in the microscopic image. Comparison of the overlay image
with the microscopic image shows good concordance of both.
Figure 2C shows the detected nickel concentrations as a concentration
heat map in a colour scale from blue to red (assigned to 7 pg of nickel
per gram of tissue and >30 pg of nickel per gram of tissue). Concentra-
tions below the limit of quantification (7 pg/g), and that could therefore
not be determined, are shown in grey. Within the concentration heat
map, all red hotspots show nickel concentrations of 230 pg per gram of
tissue. For some areas, lower concentrations (shown in blue, green, and
yellow) were also detected. In general, the concentration heat map
shows that the concentration of nickel varied widely within the dermis,
which can be explained by local pigment agglomerations.

All other detected elements were distributed in the pigment
regions as well (Supporting Information Figure S1). Furthermore,
quantification was performed for copper, titanium, and chromium
(Supporting Information Figure S2). Very high local concentrations
of copper (21 mg/g) and titanium (=3 mg/g) were observed
(Supporting Information Figure S2f,c). The local concentrations of
chromium were 250 pg/g (Supporting Information Figure S2d). The
other elements were determined qualitatively. Palladium and cad-
mium were not detected in the pigment region. On the basis of the
clinical, histological and allergological findings and the chemical anal-
ysis, we conclude that nickel is the most likely allergen causing the

symptoms in this patient.

DISCUSSION

Tattooing is a popular trend in body art, with a prevalence in Europe of
12% having been reported.1 However, complications can occur, such as
infections, allergic reactions, foreign body reactions, and autoimmune
diseases.? Allergic reactions appear weeks, months or years after tat-
tooing. Therefore, it is difficult to trace the used ink and its compo-
nents, and the possible allergens. In addition, false information about
ink components has been reported.®> Moreover, impurities such as
heavy metals can be found in inks, even though they are not listed.*
This lack of information makes the identification of possible allergens
challenging. Therefore, the ink components were identified by chemical
analysis of the tattooed skin tissue directly. As critical components, we

identified nickel (Figure 2) and chromium (Supporting Information

Figure Sic), which were still present in the tattoo years after tattooing.
The chromium and nickel concentrations that we found are significantly
higher than in the surrounding tissue, but not as high as, for example,
those of the detected copper and titanium. Whereas copper most likely
originates from copper-containing phthalocyanine pigments and tita-
nium from TiO, pigments, we assume that chromium and nickel were
present as impurities in the used ink. The relevance of the presence of
nickel and chromium strongly depends on their chemical binding forms
with respect to solubility and thus bioavailability. The chemical species
cannot be evaluated with the techniques that we used, so it is difficult
to make statements about solubility and bioavailability. However, in the
review of Laux et al, it was argued that, because deposited pigments
and other components are present lifelong in the human body, even
slow metabolic processes are important.®

In allergic reactions to tattoos, the role of nickel is still unclear.
Nickel has been suggested before as a possible allergen in a red tattoo
reaction.® However, Serup et al assume that nickel is unlikely to be
the culprit allergen in red tattoo reactions, because the percentage of
nickel sensitization in these patients was not significantly higher than
in the European surveillance report.” Furthermore, it was mentioned
that sensitization also occurred prior to tattoo placement. Green tat-
too reactions are less frequently reported than red tattoo reactions.
The reported allergen in these cases was mainly chromium.®2° In our
patient, testing for hexavalent chromium (Cr[VI]) by the use of potas-
sium dichromate gave negative results. However, because chromium
was detected in the pigment region, and the chromium species in the
pigment region could not be determined, chromium cannot be totally
excluded as a possible allergen. For example, trivalent chromium (Cr
[I1]) is capable of eliciting dermatitis. Nevertheless, we assume that
nickel played a significant role in allergen formation, as it was the only
element both patch tested positive and identified by the chemical
analysis of the skin tissue. Furthermore, the worsening of the symp-
toms during patch testing supports the idea that the culprit allergen
was tested. In conclusion, we report a patient with an itching green
tattoo with nickel as the most likely culprit allergen. The role of nickel

in chronic tattoo reactions remains unclear.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the Sup-

porting Information section at the end of this article.
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Experimental section

Chemicals and consumables

Nitric acid (69%, Emsure), xylene, ICP multi-element standard solution IV
(1000 pg-mL™Y), titanium ICP standard (1000 pg-mL™), and copper(ll) sulphate
pentahydrate were provided from Merck (Darmstadt, Germany). Ethanol was
acquired from Fisher Scientific UK (Loughborough, England) and gelatine from
Griissing (Filsum, Germany). Rhodium ICP standard solution (1000 ug-mL™) was
supplied from SPC Science (Baie D’Urfé, Canada). Titanium(lV) bis(ammonium
lactato)dihydroxide solution (50 wt.%) were provided by Sigma-Aldrich (Steinheim,
Germany). Scandium ICP standard (1000 pg-mL™) was purchased from High-Purity
Standards (Charleston, South Carolina). An Aquatron Water Still purification system
model A4000D (Barloworld Scientific, Nemours, France) was used for generating

doubly distilled water.

Skin tissue preparation

A 3 um thick formalin-fixed and paraffin-embedded (FFPE) skin section was used for
H-XRF and LA-ICP-MS analysis. The thin section was placed onto a microscopic
glass slide and the paraffin was removed with several washing steps: 10-min
washing step in xylene and 2-min washing steps in 100, 90, 70% ethanol, and doubly
distilled water. Generating of microscopic images was completed with an inverted
fluorescence/bright field microscope (Keyence, Osaka, Japan). Brightness, contrast,
and saturation within the microscopic image were adjusted by using the software
Adobe Photoshop CC (Adobe Systems, San José, California) resulting in improved

pigment visibility in the microscopic image.

Preparation of matrix—-matched calibration standards

The quantification of titanium, chromium, nickel, and copper was achieved by
external calibration using matrix-matched gelatine standards. The applicability of
matrix-matched gelatine standards for skin tissue was shown by Birka et al.*® For
titanium standard preparation, nine standard solutions (concentration range: 0 to
10 mg-mL™) were prepared from a titanium(lV) bis(ammonium lactato)dihydroxide



stock solution. Chromium and nickel solutions were prepared from diluting the ICP
multi-element standard solution IV (six solutions, concentration range: 0 to
100 pg-mL™). A copper(ll) sulfate solution was used as stock solution for copper
standards (six solutions, concentration range: 0 to 2.5 mg-mL™). Dilution was
performed with doubly distilled water. 900 pL of each aqueous solutions were added
to 100 mg gelatine powder and heated at 50°C until viscous suspensions resulted.
After freezing the viscous suspensions, the gelatine standards were sectioned to a
thickness of 3 um with a cryomicrotome (Cryostar NX70, Thermo Scientific, Bremen,

Germany).

Bulk analysis of calibration standards

The titanium, chromium, nickel, and copper concentrations in the gelatine standards
were determined by ICP-MS analysis after acidic digestion. The determined
concentrations were used for external calibration of LA-ICP—MS by linear regression.
In order to determine the concentrations, 100 mg viscous gelatine was dissolved in
1 mL concentrated nitric acid. Doubly distilled water was added to a volume of 50 mL
and if necessary, further dilution was performed with HNO3; (2%, (w/v)) to obtain
maximum concentrations of 30 pg-L™*. Quantification of the digested standard
solutions was achieved by external calibration (seven calibration points in the
concentration range from 1 pg-L™ up to 30 pg-L™) and a blank. Scandium was added
as internal standard for titanium and rhodium was added as internal standard for
chromium and nickel with a final concentration of 1 ug-L™*. The internal standards
were added to the digested standard solutions and to the solutions of the external

calibration.



Instrumentation and experimental parameters

H-XRF analysis. The thin section was investigated with a laboratory TORNADO M4
X-ray spectrometer (Bruker Nano, Berlin, Germany) in an evacuated sample
chamber (20 mbar) after paraffin removal and before LA-ICP-MS analysis. The X-ray
tube was operated with a voltage of 50 kV and an anode current of 600 pA. Rhodium
was used as anode target material. Spatial resolutions down to 25 um for the
Mo-K line were obtained. An acquisition time of 200 ms per spot and a step size of
12 um were chosen and the signal intensity was averaged over three acquisition
cycles. Signals were evaluated for phosphorus (Kq12.010 keV) and chlorine
(Kay 2.622 keV). The software ESPRIT HyperMap (Bruker Nano) was used for data

evaluation and image generation.

LA-ICP-MS analysis. The skin tissues and gelatine standards were investigated
using the LA system LSX-213 G2" (Teledyne CETAC Technologies, Omaha,
Nebraska) coupled to a quadrupole-based ICP-MS analyser (iCAP TQ, Thermo
Fisher Scientific). The LA system was equipped with a frequency quintupled Nd:YAG
laser of 213 nm wavelength and a HelEx Il cell. Connection of ablation cell and
ICP-MS was achieved with Tygon tubing and an additional argon gas flow was added
for plasma stabilization after the ablation cell. Aerosol transportation to the ICP-MS
was performed by a helium gas flow. The LA system was operated with the
Chromium 2.2 software) (Teledyne CETAC Technologies) and the ICP-MS with the

software Qtegra 2.8 (Thermo Fisher Scientific).

The skin thin section was investigated using a spot size of 20 um and a scan rate of
40 um-s™*. The laser shot frequency was set to 20 Hz and the laser fluence was
adjusted to obtain a quantitative ablation of standards and tissue. Ablation of
standards and tissue were performed in the line-by-line mode and no gap between
lines. The instrument was run in the sensitive kinetic energy discrimination mode for
interference removal. The following dwell times were used: 25 ms (*'Ti), 40 ms (®**Cu)
and 50 ms (**P, *Cr, %°zr, *Nb, *°Pd, **'Cd), and 60 ms (*°Fe and *°Ni) each.

The obtained calibration functions showed all good linear regression coefficients:
R? = 0.9969 for *'Ti, R* = 0.9977 for **Cr, R*=0.9980 for ®Ni, and R* = 0.9938 for
®Cu. The limits of detection (LODs) and limits of quantification (LOQs) were
determined using the 3- and 10-c criterion as the following: *'Ti (15.5 pg-g™,



51.6 pg-g™), °*Cr (3.3 ug:g?, 5.3 pg-g?), ©Ni (2.0 pg-g™, 6.6 ug-g?), %cu (2.4 pg-g?,
7.8 ug-g™). The relative standard deviations (RSDs) for the gelatine standards were
for *'Ti, *2Cr, and ®*Cu below 15 %. For ®Ni, the RSDs ranged between 15% and
36% with higher deviation for lower nickel concentration. In general, signal intensities

for ®*Ni were very low, explaining the poor precision.

Bulk analysis of calibration standards. An ASX-560 autosampler (Teledyne
CETAC Technologies) and a quadrupole-based ICP-MS (iCAP Qc, Thermo Fisher
Scientific) were used to determine the titanium, chromium, nickel, and copper
concentrations in the standards. For interferences reduction, the ICP-MS was
operated in the KEDS mode. *'Ti, *°Sc, **Cr, *°Ni, ®*Cu, and '®*Rh were monitored
with 70 ms dwell time each. The ICP-MS was controlled using the Qtegra

software 2.8 (Thermo Fisher Scientific).

The operational parameters for LA-ICP-MS and bulk analysis are summarized in
Table 1.

Table 1. ICP-MS operational parameters.

Parameter LA-ICP-MS Bulk analysis
Plasma power/W 1550 1550
Auxiliary gas flow/L-min™ 0.8 0.8
Nebulizer flow/additional Ar flow/L-min™* ~1 ~1

Cool gas flow/L-min™ 14 14
KEDS cell gas flow/mL-min™ 45 4-5

He carrier gas flow/L-min™ 0.8 -
Sampler and skimmer Pt Ni

Inner diameter quartz injector tube/mm 3.5 3.5
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