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Background: Knowledge about the skin deposition and penetration of nickel into the stratum

corneum (SC) after short contact with metallic items is limited.

Objective: To quantify nickel skin deposition and penetration into the SC after short contact

with metallic nickel.

Methods: Sixteen nickel-allergic participants and 10 controls were exposed to 3 pure nickel

discs and 1 aluminium disc on each volar forearm for 3 × 10 minutes. Before exposure, 1 fore-

arm was irritated with 0.5% sodium lauryl sulfate under 24-hour occlusion. Immediately, as well

as 24 and 72 hours after metallic disc exposure, outer SC layers were removed with adhesive

tapes and the nickel content was measured.

Results: Nickel deposition and SC penetration capable of eliciting allergic nickel dermatitis were

found immediately and after 24 hours. Significantly higher nickel amounts were found on nor-

mal skin and in the SC of nickel-allergic participants than in controls both immediately and after

24 hours, and on irritated skin immediately after exposure.

Conclusions: Nickel deposition and SC penetration is considerable after nickel skin exposure of

3 × 10 minutes. Combined with the allergic responses resulting from the same exposures

reported previously, this study highlights that short skin exposure to nickel-releasing items may

cause allergic nickel dermatitis.
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1 | INTRODUCTION

Nickel remains the most prevalent cause of contact allergy worldwide.

The sustained high prevalence of nickel allergy in Europe1 is often

explained by prolonged skin contact with nickel-releasing items, whereas

the potential role of nickel exposure as a result of short and daily skin

contact with nickel-releasing items has largely been overlooked.

The nickel skin dose is related to the amount of nickel penetration

into the stratum corneum (SC) and viable epidermis, which, in turn, can

lead to induction of nickel allergy and elicitation of allergic nickel der-

matitis. Recent studies have shown that the rate of nickel release from

metallic items is particularly high immediately after contact with artifi-

cial sweat, and that even short skin contact can result in deposition of

nickel onto the skin.2–5 These studies were conducted in both con-

trolled laboratory settings with metallic items and occupational settings

where exposure to metallic items had occurred. Penetration of nickel

ions from different nickel salts into the SC has also been studied in

humans.6,7 However, knowledge on the penetration of nickel ions into

the SC after short contact with metallic items is lacking.

The aim of this study was to quantify nickel skin deposition and

subsequent penetration into the SC after relatively short contact with

metallic nickel (3 × 10 minutes) in normal and irritated skin of nickel-

allergic participants and controls.

2 | MATERIALS AND METHODS

2.1 | Study population and design

The study has been described in detail elsewhere.8 A flow chart of the

study design is shown in Figure 1. Briefly, a clinical experimental study
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was performed on 16 nickel-allergic participants from the Department

of Dermatology and Allergy at Herlev and Gentofte Hospital, and

10 control subjects recruited by advertisement. Before the study,

one of the volar forearms was randomized for skin irritation, and, on

day 0, 4 exposure areas of each arm were marked. To induce skin irri-

tation, the 4 areas were pretreated for 24 hours with 0.5% sodium

lauryl sulfate (SLS) aq. (99% purity SLS; Sigma-Aldrich, St Louis, Mis-

souri) under occlusion. All participants were exposed to 3 pure nickel

discs and 1 aluminium disc (as a negative control) on each forearm for

3 × 10 minutes. Exposures were made in an exposure chamber with a

temperature of 29.2�C � 0.7�C (range 28.8�C-29.4�C). The discs

were applied manually by the same investigator (M.G.A.) in

three 10-minute contacts, separated by 10-minute intervals, with

3 different metallic discs for each exposure area. Each disc was

applied with an initial 90� of rotation forth and back 2 times, to create

friction between the skin and the metal surface. Participants were not

allowed to take showers or use emollients during the study period.

Before recruitment, the study was approved by the local ethics com-

mittee (H-16050296) and the Danish Data Protection Agency, and all

participants gave written informed consent. The study was registered

at ClinicalTrials.gov (NCT03309215).

2.2 | Tape stripping of the SC

Immediately (0-1 hour), 24 hours and 72 hours after exposure to the

metallic discs, sequential tape stripping was used for measurement of

nickel penetration into the SC in one of the nickel-exposed areas on

each arm (normal and irritated skin). The aluminium-exposed skin on

each forearm was tape-stripped 72 hours after exposure and used as

a negative control (Figure 1). Each area was tape-stripped once with

15 consecutive tapes (3.8 cm2, D-Squame; Monaderm, Monaco,

France). Tapes were placed on the most central part of all test areas,

and, after use of a pressure applicator (225 g/cm2) (D-squame; Mona-

derm) for �10 seconds, the tape was gently removed with a quick uni-

form movement with a plastic tweezer. In addition, 8 consecutive

tape strips were taken from normal skin of both upper inner arms for

analysis of 2-pyrrolidone-5-carboxylic acid (PCA). The method for

tape stripping of the inner arms for PCA analysis was identical, except

that the skin around the first strip was marked. A new tweezer was

used for each test site. Optical density with D-Squame Scan 850A

(Heiland Electronic, Wetzlar, Germany) was used on each tape to nor-

malize for the variable amount of protein content. After protein mea-

surement, all tapes were stored separately in 2-mL microtubes

(Thermo Fisher Scientific, San Diego, California) at room temperature,

and transferred to the laboratory at Karolinska Institutet (Karolinska

Institutet) for nickel analysis.

2.3 | Determination of nickel in tape strips

On the basis of experience of analysing samples from pilot

exposures,8 we analysed 7 tape trips from each test site for nickel

content. For the extraction of nickel in tapes, the microtubes with

tape strips were filled with 2 mL of 67% HNO3 (Normatom; VWR,

Leuven, Belgium), completely covering the tape. After 72 hours, 1 mL

of the acid extract was transferred to a new microtube (1.5 mL; Sar-

stedt, Nümbrecht, Germany). Prior to analysis, 150 μL of acid extract

was transferred to a 12-mL PP-tube (Sarstedt) prefilled with 4.85 mL

of Milli Q water (Millipore, Solna, Sweden; 18.2 MΩ/cm), 5.0 mL of

2% HNO3 (67% Normatom [VWR, Leuven, Belgium], diluted in Milli Q

water), and indium added as an internal standard (5 ppb, prepared

from stock solution 1000 μg/mL Spectrascan; Teknolab, Kungsbacka,

Sweden). Standard solutions of an 8-point (0, 0.1, 1, 5, 10, 50,

100 and 500 μg/L) calibration curve were diluted from a nickel stock

solution (1000 μg Ni/mL, Spectrascan; Teknolab), by the use of 2%

HNO3 with the addition of indium as an internal standard (5 ppb).

Samples were analysed in kinetic energy discrimination mode with

helium as the collision gas and argon as the carrier gas, by use of an

iCAP Q inductively coupled plasma mass spectrometry (ICP-MS) sys-

tem from Thermo Scientific (Waltham, Massachusetts). Nickel was

monitored at masses 58 and 60, and indium was monitored at mass

115. The method detection limit (MDL) was evaluated on the basis of

the results from 72 blank tapes, and set to 0.08 μg/L (3 × SD of blank

Day 0 

SLS pretreatment 1 arm (24 h) 

Controls

(n = 10) 

Nickel-allergic

(n = 16)

Nickel-allergic:

Normal skin

Irritated skin 

Day 1 

0 h: Exposure with nickel discs

(area 1, 2 and 3 on each arm) and

aluminium disc (area 4 on each arm) 

(10 min x 3)

0 h: Tape stripping (area 1)

Day 4 

72 h: Tape stripping (area 3 and 4)

Day 2 

24 h: Tape stripping (area 2)

Controls:

Normal skin

Irritated skin

FIGURE 1 Flow chart of study, showing nickel exposure and

sampling (separate tape stripping for 2-pyrrolidone-5-carboxylic acid
is not included in the overview). SLS, sodium lauryl sulfate
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tape samples). The instrument limit of detection was calculated for

each run as 3 × SD by the use of 3 acid blanks, and ranged from

0.000771 to 0.122639 μg/L.

2.4 | Estimation of the nickel exposure
concentration

To study nickel release from the nickel discs used on the skin, discs

were immersed in artificial sweat for 3 × 10 minutes and for 1 week

(168 hours). Samples were kept in a heating cabinet (Memmert,

Schwabach, Germany) at 30�C during the respective immersion

period. Additionally, a wipe test was performed to mimic the nickel

release from nickel discs during skin contact (a full description is given

in Appendix S1). The released concentrations of nickel in artificial

sweat and wipe extract were determined with ICP-MS. The MDL was

0.0073 μg/L for nickel.

2.5 | Filaggrin gene (FLG) genotyping and analyses
of PCA

For all participants, buccal mouth swaps were taken for FLG genotype

analysis. The FLG mutation status for R501X, 2282del4 and R2447X

were determined by multiplex analysis of buccal swabs at Herlev and

Gentofte Hospital, as previously described in detail.9

To quantify FLG degradation products, the tape-stripping tech-

nique was performed on both inner upper arms. PCA from tape strip

number 3 was analysed by ultra-performance liquid chromatography

at the Department of Autoimmunology and Biomarkers at Statens

Serum Institut (a full description is given in Appendix S1). The sample

preparation was performed as described by Kezic et al.10

2.6 | Statistical analysis

For presentation of data and statistical analysis, nickel in the first

2 tape strips on each sampling occasion was interpreted as being

taken from the skin surface, and was thus analysed separately. Nickel

in tapes 3 to 7 was considered to indicate penetration into the SC.11

The participants were divided into 4 groups according to nickel allergy

and skin status (nickel-allergic vs control; irritated vs normal skin). FLG

mutation status was categorized as ‘wild type’ or ‘null mutation’, the

latter including any of the 3 mutations tested for. A mean value of the

PCA from tape strip 3 of both upper arms was used in the analysis.

Non-parametric analyses were used. A P-value of ≤.05 was considered

to be significant. The Mann-Whitney U test was used for comparison

of nickel doses between nickel-allergic and control participants, and

for testing of differences in nickel doses in participants with or with-

out FLG mutation. To test for differences between patch test reactivity

and nickel penetration into the SC or nickel deposition onto the skin

surface, the Kruskal-Wallis test was used. Spearman’s correlation

coefficient (rs) was used to correlate PCA levels and nickel penetration

into the SC or deposition onto the skin surface. For comparison of

nickel in normal and irritated skin or of the nickel area with the alu-

minium control area on the same participants, the Wilcoxon signed

rank test was used.

REDCAP electronic data capture tools were used for data collec-

tion.12 Statistical analysis and graphs were created in SAS, Version 9.4

for Windows (SAS Institute, Cary, North Carolina), GRAPHPAD PRISM ver-

sion 6.07 for Windows (GraphPad Software, La Jolla, California), and

Microsoft Excel (Excel 2010; Microsoft, Redmond, Washington).

3 | RESULTS

All participants completed the study. The study population and their

clinical reactions and blood flow measurements have previously been

described in detail.8 In brief, we showed that 63% of nickel-allergic

participants reacted with allergic nickel dermatitis on irritated skin,

and 19% on normal skin with previous dermatitis, whereas none of

the controls had any clinical reactions or blood flow increases. The

study population characteristics are shown in Table 1.

A substantial amount of nickel was deposited onto the skin after

the exposures (3 × 10 minutes). Nickel was found in all of the ana-

lysed tapes from the nickel-exposed areas; immediately, 24 hours and

72 hours after exposure (Figure 2). At all 3 time points, the highest

amount was present in the first tape, ranging from 8.7 μg/cm2 (range:

5.9-14.4 μg/cm2) in normal skin of controls to 13.3 μg/cm2 (range:

7.4-44.2 μg/cm2) in normal skin of nickel-allergic participants immedi-

ately after exposure. The nickel content in tapes decreased in the

same pattern in tapes from deeper SC layers for the 4 groups. The

variation in nickel penetration was largest immediately after exposure

and higher in nickel-allergic participants.

The proportions of nickel that had penetrated into the SC (tapes

3-7) and nickel on the skin surface (tapes 1 and 2) are shown in

Figure 3.11 In normal skin, the nickel in SC/nickel on surface ratio was

similar in nickel-allergic participants and controls at all time points,

except for a lower ratio in controls immediately after exposure. How-

ever, the actual amount of nickel on the skin surface in normal skin

was significantly higher in nickel-allergic participants than in controls

both immediately (mean difference: 13.4 μg/cm2) (P ≤ .03) and

24 hours after exposure (mean difference: 2.0 μg/cm2) (P ≤ .01). In

TABLE 1 Characteristics of the study population

Nickel-allergic
(N = 16)

Controls
(N = 10) Pa

Sex (n)

Women 13 9 NS

Men 3 1

Age at test (years),
median (25/75)

55.5 (44.0-63.5) 34 (25.0-58.0) NSa

Atopic dermatitis everb 2 0 NS

Hand dermatitis everb 4 0 NS

Filaggrin gene
mutation carriersc

2 2 NS

NS, not significant.
a The Mann-Whitney U test was used.
b Participants were asked whether a doctor had ever told them that they
had atopic dermatitis or hand dermatitis.

c Genotyping was performed for the 3 most common loss-of-function
mutations in the filaggrin gene (501X, 2282del4, and R2447X). Two
nickel-allergic participants and 1 control were heterozygous in 1 filaggrin
gene, and 1 control was compound heterozygous.

*Fisher’s exact test was used.
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FIGURE 2 Measured nickel amount per tape (μg/cm2) at different time points after exposure (0, 24 and 72 hours) in normal or irritated skin of

nickel-allergic participants (A, C) and controls (B, D). The results are indicated by bars for interquartile range, markers for median value, and
colours for time points: red, 0 hours; blue, 24 hours; and violet, 72 hours

FIGURE 3 Comparison of nickel on the skin surface (tapes 1 and 2) and amount penetrating into the stratum corneum (SC) (tapes 3-7) at

different time points (0, 24 and 72 hours) after exposure for nickel-allergic (n = 16) (A, C) and control (n = 10) (B, D) participants in normal skin
(A, B) and skin irritated with sodium lauryl sulfate (C, D). The actual mean amount of nickel (μg/cm2) is noted on the bars; differences between
nickel-allergic and control participants were tested with the Mann-Whitney U test. *P ≤ .05, **P ≤ .01
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irritated skin, the amount of surface nickel was higher in nickel-allergic

participants, but only immediately after exposure (mean difference:

10.7 μg/cm2) (P ≤ .05).

The amount of nickel on the skin surface (tapes 1 and 2) corre-

lated with the amount penetrating into the SC (tapes 3-7) in both irri-

tated and normal skin of all participants (normal rs = 0.91) (irritated

rs = 0.94) (P < .0001) (Figure S1A,B). Also, a correlation was found

between the amounts of nickel on the skin surface in normal and irri-

tated skin of all participants (Figure S2). The amount of nickel pene-

trating into the SC in normal skin was higher in nickel-allergic than in

controls both immediately (median difference: 2.2 μg/cm2) (P = .047)

and after 24 hours (median difference: 0.54 μg/cm2) (P = .006)

(Figure 4). No difference in the amount of nickel penetrating into SC

of irritated skin was found between the groups. When nickel penetra-

tion into the SC was compared between normal and irritated skin of

the same nickel-allergic participants, a higher amount was found in

normal skin immediately after exposure (median difference:

1.85 μg/cm2) (P = .02), but there was no difference in the deposition

of nickel on the skin surface.

Nickel penetration into the SC (tapes 3-7) in normal skin

decreased over time to 18%-22% and 10%-15% of the amount found

in the SC immediately after exposure after 24 hours and after

72 hours, respectively. Seventy-two hours after exposure; nickel was

still present in the SC at the nickel-exposed areas. At this time point,

significantly more nickel was found on the surface of the nickel-

exposed skin than on the surface of the aluminium-exposed skin

(median difference: 0.68 μg/cm2) (P < .0001) and in the SC (median

difference: 0.28 μg/cm2) (P < .0001).

The mean amounts of nickel released from nickel discs after

immersion in artificial sweat for different time periods are shown in

Table 2. The total amount of nickel released during 3 immersion

periods of 10 minutes each (1.82 μg Ni/cm2) corresponded to 70% of

the release after 1 week (2.60 μg Ni/cm2). One simulated participant

exposure by use of a wipe moistened with artificial sweat resulted in

released amounts of nickel orders of magnitude higher (165.7 μg

Ni/cm2) than measured after immersion in artificial sweat for 1 week.

This is reflected by the nickel amount in the 7 tapes taken immedi-

ately after exposure; 7–83 μg Ni/cm2.

Three participants were heterozygous FLG mutation carriers,

whereas 1 was a compound heterozygous mutation carrier. There was

no correlation between nickel on the skin surface or nickel penetrating

into the SC at any time points and FLG mutation status, self-reported

hand dermatitis, or a history of atopic dermatitis. No trend could be

found between patch test reactivity and nickel on the skin surface or

penetration into the SC. In normal skin of nickel-allergic participants,

there was a significant negative correlation between PCA concentra-

tion and nickel penetration immediately after exposure (rs = −0.54)

(P = .03).

4 | DISCUSSION

4.1 | Principal findings

This is the first study to quantify nickel penetration into the SC after a

relatively short duration of skin contact with metallic nickel. A large

amount of nickel was deposited onto the skin, and penetration into

the SC took place within 1 hour. Nickel was recovered from the skin

surface and the outer layers of the SC up to 72 hours after exposure,

emphasizing sustained exposure from nickel on the skin surface.

Unexpectedly, higher amounts of nickel were found on the skin sur-

face and in the SC in normal skin of nickel-allergic participants than in

controls, both immediately and 24 hours after exposure. There was a

large variation within the group of nickel-allergic participants; some

individuals had a much higher level of nickel on the skin surface,
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FIGURE 4 Amount of nickel (μg/cm2) that had penetrated into the

stratum corneum measured in tape 3 to tape 7 at different time points
after exposure (0, 24 and 72 hours) for the 4 groups (nickel-allergic/
controls, irritated/normal skin). Each dot represents 1 participant. Bars:
interquartile range. Lines: median. At different time points after exposure
to nickel discs, the Mann-Whitney U test was used to compare the
amounts of nickel between nickel-allergic and control participants, and
the Wilcoxon signed rank test was used to compare the amounts of
nickel in normal and irritated skin of the same individuals

TABLE 2 Mean nickel release per unit surface area from nickel discs

in artificial sweat for 1 week (168 hours); 3 × 10 minutes (with
3 different nickel discs) and 10 minutes. Also shown is the mean
amount of nickel deposited onto a wipe moistened with artificial
sweat, from 1 nickel disc that was rotated 90� forth and back 2 times,
simulating participant exposure

Procedure μg Ni/cm2 (mean) SD

Release in artificial sweat

168 h 2.60 0.31

3 × 10 min 1.82 0.70

1 × 10 min 0.30 0.04

Wipe

1 × simulated participant exposure 166 37

All results are based on triplicate experiments.
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resulting in higher penetration into the SC. An interesting negative

correlation between nickel penetration into the SC and PCA concen-

tration was found in nickel-allergic participants.

4.2 | Interpretation

Studies of nickel on the skin surface and subsequent penetration into

the SC, following real-life exposure to nickel-releasing metallic items,

are very limited. Although it has been claimed that short contact with

metallic items is harmless in the context of nickel allergy, studies have

shown rapid deposition of nickel onto the skin following contact, for

example, coin handling.5 On the basis of these findings, it has been

suggested that short and repeated skin contact with metallic items

may lead to considerable nickel build-up in the skin. In a recent study,

in which fingertip skin was stroked against metallic nickel for 3 sec-

onds, 4.7 μg/cm2 nickel could be detected on the skin surface with

the acid wipe method. In the same study, the amount of nickel depos-

ited on the skin from nickel alloys and pure nickel was more depen-

dent on contacts with newly abraded surfaces than on the actual

number of repeated contacts with the same surface.3 We found

higher but comparable nickel skin doses (mean: 10.1–23.5 μg/cm2)

after 3 × 10 minutes of exposure with newly abraded metallic nickel

discs. In our previous questionnaire study of 342 nickel-allergic indi-

viduals, a large proportion reported allergic nickel dermatitis after rela-

tively short contact with metallic items (21.4% with ≤ 10 minutes of

contact, and 30.7% with ≤ 30 minutes of contact).13

The large variation in nickel skin deposition observed in nickel-

allergic participants is interesting. Considerable interindividual varia-

tion in nickel skin deposition after skin contact with nickel-containing

metallic items has previously been shown in 2 studies that included

individuals without nickel allergy.3,14 The present study is the first to

show a difference in skin deposition between persons with and with-

out nickel allergy in a controlled set-up. One possible explanation

could be differences in the amount and composition of sweat, which

was not measured in this study, as sweat may affect nickel release

and accumulation of nickel in the SC. “Rusters” in industry were

described in the 1960s as workers with a tendency to cause corrosion

on metal surfaces, owing to a high chloride content in sweat.15,16 The

skin topography, affecting friction and contact area, may also be

important, but has rarely been studied in this context.17

Estimating the penetration of a contact allergen in the skin

(μg/cm2) is of importance, as the penetration is a requirement for sen-

sitization, or for elicitation of allergic contact dermatitis. Penetration

of nickel into the SC has previously been studied with different nickel

salts in aqueous solutions after hours of contact, mostly in vitro.7,18,19

If an aqueous solution with a nickel salt is used, the actual applied

nickel ion dose and counter-ion are known, so the skin absorption can

be calculated. These studies provide important information on the

kinetics of nickel ion penetration and associated rate-determining fac-

tors. In addition, SC penetration has been studied after application of

nickel powder, where both particles and released nickel ions were

involved.20–22 However, it is important to keep in mind that most

short and daily contacts with nickel occur with metallic nickel items.

The mechanism of nickel transfer to the skin surface in these contacts

is also governed by pressure and friction.

The primary rate-limiting factor for nickel skin absorption is the

SC.19,23 A limited amount of the applied nickel dose is supposed to

penetrate through the SC; 1 study found that <1% of nickel chloride

penetrated the SC within 96 hours of exposure.18 In the present

study, the nickel amount was highest in the first tape and decreased

in tapes from deeper layers. This is consistent with the observation

that nickel accumulates superficially in the SC after exposure to nickel

salts.6,7,19,24,25 One study is of particular interest regarding compari-

son of the results of nickel penetration. Hostynék et al used tape

stripping to measure the penetration of nickel in forearm skin in vivo

after 30 minutes to 24 hours of exposure to an aqueous solution of

different nickel salts.7 Important differences from the present study

were occlusion of the test areas, surface decontamination prior to

stripping, and the use of another type of tape. However, similarly to

our results, they found that the main nickel dose was located on

the skin surface, and that the nickel concentration decreased with the

number of tapes within 24 hours after exposure. If we exclude the

first 2 tapes in our study, the amount of nickel in the following tapes

were similar to those found 30 minutes after open application of a

single liquid dose of nickel chloride (concentration: 19.8 μg/cm2).

Whereas there is little insight into nickel skin penetration, it is likely

that the continuous proliferation and shedding of corneocytes will

help to remove nickel that has been bound in the upper layers, in turn

limiting the tendency of nickel ions to reach the viable layers. How-

ever, excessive exposure, either prolonged or repeated, will lead to

high nickel concentrations and, in turn, allergic nickel dermatitis.

There was no difference in immediate nickel skin deposition

between normal and irritated skin of nickel-allergic participants, but

more nickel was found in the SC of normal skin. This finding may indi-

cate that nickel had already been absorbed into the viable epidermis

of irritated skin 0 to 1 hours after exposure, which is also supported

by the fact that most nickel-allergic participants (63%) developed aller-

gic nickel dermatitis in irritated skin.8 It is not known to what extent

rapid shunting of nickel ions via sweat ducts, pores, etc. occurs, and

this cannot be quantified by tape stripping.23

In this study, high SC nickel penetration correlated with a low

PCA concentration in nickel-allergic participants. PCA is an important

marker of the relative amounts of amino acids in the natural moisturiz-

ing factor (NMF). PCA and other amino acids originate from the

decomposition of SC proteins. The best known is filaggrin, but many

others participate. The active known nickel-chelating element in NMF

is the amino acid histidine. It is known that this amino acid varies in

parallel with PCA in the NMF.10 In this study, the PCA concentration

was used as an estimation of acquired filaggrin deficiency to supple-

ment filaggrin genotyping.26

No correlation was found between atopic dermatitis, hand

eczema or FLG mutations and deposition/penetration, although the

power of these analyses was low, owing to a limited number or partic-

ipants with these conditions. Previous epidemiological studies have

suggested higher risks of nickel allergy in individuals with FLG

mutations.27–29 Our study indicates that histidine levels in the outer

SC influence nickel penetration.

The duration of exposure to metallic discs of this study corre-

sponded to the definition of “prolonged contact” in the EU nickel

restriction (“10 minutes on three or more occasions within two weeks,

6 AHLSTRÖM ET AL.



or 30 minutes on one or more occasions within two weeks”).30 From

our results, we conclude that the duration of contact is not crucial for

the deposition of high amounts of nickel onto the skin surface. Ten

minutes 3 times is sufficient to result in nickel deposition onto the

skin, penetration into the SC, and allergic nickel dermatitis.8 In accor-

dance with others, we found that nickel ion release in artificial sweat

after a short duration of contact led to a considerable proportion of

the total release after 168 hours of immersion.2,3 It cannot be esti-

mated from our experimental study how longer, shorter or no time

intervals between nickel exposures may affect the dose of nickel

in skin.

4.3 | Strengths and weaknesses

The study was carefully controlled in many respects; most impor-

tantly, the metallic discs had equal surface properties, and exposures

with the metallic discs and the tape-stripping procedure were per-

formed by the same investigator. Furthermore, the temperature dur-

ing exposures was controlled, as it may influence nickel release and

SC penetration.19,31

Owing to the set-up with skin exposure to metallic discs, a limit-

ing aspect was that the exact nickel exposure dose remained

unknown. Although the rotations of discs were performed in the same

manner, pressure and rotation could not be fully standardized, and the

friction of the skin differed according to skin texture and moisture.

Furthermore, it is known that skin temperature and the amount and

composition of sweat vary between body parts and individuals. The

nickel exposure dose from nickel discs was estimated with a wiping

procedure, although it may be overestimated, as the wipe was moist-

ened in artificial sweat. Variations in measured nickel surface doses at

later time points may partly be attributable to differences in compli-

ance with restrictions during the study period (use of emollients and

washing) and differences in clothing. Another weakness was that we

used only pure nickel in this study. In real life, nickel alloys are more

commonly used in metallic items, although pure nickel is used in

nickel-plated items and some coins. Finally, we did not assess the pos-

sible influence of lipid bilayers or paracellular penetration via hair folli-

cles and sweat glands.

To obtain a quantitative measurement of protein removed in each

tape strip (an indirect measure of the mass of skin cells removed),

infrared densitometry was used. However, interference between

nickel and protein in tapes was noted; hence, the results are not pre-

sented. Previous research has indicated that a constant amount of SC

is removed after the first 2 tape strips, for a given test person, tape,

and skin site.7

5 | CONCLUSION

This study shows that relatively short skin contact with nickel, corre-

sponding to what is covered by the current EU restriction on nickel,

gives rise to substantial doses of nickel on the skin surface and pene-

tration into the SC, in amounts capable of eliciting allergic nickel der-

matitis.8 In some nickel-allergic individuals, nickel was apparently

“glued” onto the skin after exposure, which led to great differences in

nickel penetration as compared with controls. The current inclusion of

items intended for relatively short skin contact will likely result in

more efficient prevention of nickel allergy in EU countries.
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