J Korean Med Sci 2008; 23: 315-9
ISSN 1011-8934
DOI: 10.3346/jkms.2008.23.2.315

Copyright © The Korean Academy
of Medical Sciences

Evaluating the Nickel Content in Metal Alloys and the Threshold for

Nickel-Induced Allergic Contact Dermatitis

Many patients are currently suffering from nickel (Ni)-induced allergic contact der-
matitis (ACD). There have been few Korean studies dealing with the threshold of
Ni-induced ACD and quantifying the total amount of Ni in the metal alloys. The aim
of this study is to evaluate the amount of Ni leached from metal alloys and Ni con-
tents in metal alloys, and to estimate the threshold of Ni-induced ACD. Al the ear-
rings we examined leached below 0.5 pg/cm?week, the upper limit of European
Union (EU) regulation, but the other metal alloys leached a much higher amount of
Ni than the limit. Likewise, all the earrings we examined contained less than 0.05%
Ni (500 pg/g), the upper limit of EU regulation, but the other metal alloys exceeded
this limit. Twenty Ni-sensitive subjects, who were patch-tested with various con-
centrations of Ni sulphate, showed positive reactions to 5% and 1% Ni sulphate,
10 subjects showed positive reactions to 0.01%, and the most sensitive subject
showed reaction even to 0.0001%. The subjects in this study were more sensitive
to Ni than those in the previous studies done in Europe. Taken together, strictly
regulating the Ni-containing alloys that are made in Korea is needed to lower the
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INTRODUCTION

Nickel (Ni) is the most common cause of allergic contact
dermatitis (ACD) among females. Epidemiological studies
conducted on the Korean general population in Korea have
shown that 6.1-13.8% of the population is allergic to Ni (1).
Ni sensitization frequently follows ear piercing, after which
a pin containing various amounts of Ni is left in place for 4
to 6 weeks so that the wound channel may epithelize (2, 3). To
prevent the occurrence of Ni-induced ACD from metal alloys
such as that in earrings, the amount of bioavailable allergen
in the product should be reduced below the level that elicits
an allergic reaction in sensitized individuals.

In the European Union (EU), the Ni directive was passed
in 1994, and this directive states that the concentration of Ni
in post assemblies (used after ear piercing) may not exceed
0.05% (500 ugl/g), and products that come into direct and
prolonged contact with the skin (e.g. earrings, watchstrips,
or zippers) should not release greater than 0.5 pg/cm?/week,
and also that the Ni released from coated products should
not exceed this level after 2 yr of normal use; further, in 2004,
the piercing metal should not release greater than 0.2 ug/
cm?/week (4, 5). In contrast, there have not yet been any
regulatory limits about the amount of leached Ni and Ni
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contents in metal alloys in Korea. Recent studies have indi-
cated a significant decline in the frequency of Ni-induced
ACD after the implement of the Ni-exposure regulations in
Europe (6).

Although the incidence of Ni-induced ACD is increasing
in Korea, most of reports are just case reports and only a few
clinical studies have been performed about metals in working
fluid (7) and dental materials (8). In this study, we investigat-
ed the amount of leached Ni and Ni contents in metal alloys
that are commonly used as jewelry and clothing accessories
in Korea. We also determined the provocation threshold of
Ni in Ni-sensitized individuals by conducting Ni-patch tests.

MATERIALS AND METHODS
The amount of Ni leaching into artificial sweat

Since the main cause of Ni-induced ACD is the Ni-con-
taining metals, such as jewelry, buckles, metal buttons, and
hooks, we analyzed 9 pairs of earrings, 2 belt buckles, 2 metal
buttons, and 1 hook for the amounts of Ni leached into arti-
ficial sweat. Because earrings of 14 K gold, earrings of 14 K
gold coated with white gold, and cheap earrings of unknown
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contents are most popular in Korea, each of these earrings
and the earrings of other metal alloys were purchased in three
very popular shops in Seoul. The artificial sweat consisted of
aerated water that contained 0.5% sodium chloride, 0.1%
urea, and 0.1% lactic acid and ammonia. Ammonia was used
to adjust the pH to 6.5. After weighing each object and esti-
mating the approximate surface area, each metal alloy was
placed in a glass and covered with artificial sweat. The glasses
were closed with para-film and stored at 30°C for 7 days.
On the 7th day, the amount of Ni leached was calculated by
performing atomic emission spectroscopy with an inductive
couple plasma apparatus (ICP-AES, Optima 5300DV, Per-
kinElmer, Massachusetts, U.S.A.) at a wavelength of 231.605
nm; the results were expressed as pg/cm?/week and the low-
est reported limit was 0.1 ug/cm?/ week.

The total amount of Ni contents in the metal alloys
To determine the total amount of Ni contents contained in

the metal alloys, each metal alloy was dissolved in aqua regia
(concentrated nitric acid and hydrochloric acid, 1:3 v/v) and
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analyzed by ICP-AES at a wavelength of 231.605 nm. The
lowest reported limit was 1 pg/g of Ni.

Ni-Patch test

Subjects

Twenty subjects who were known to be sensitized to Ni were
enrolled in this study. Ni sensitivity was confirmed in each case
by a definite positive reaction 48 hr after patch testing with
5% Ni sulphate (10.4 mg/g of Ni) in petrolatum (NiSOs -
7H-O, Sigma-Aldrich Korea Ltd., Gyeonggi-do). There were
19 women and 1 man, with a mean age of 31 yr (age range,
19-48 yr). Four of the participants had a past history of atopic
dermatitis (AD).

Provocation threshold for Ni

Patch testing was performed with serial dilutions of Ni sul-
phate at 8 sites on the upper back avoiding the midline, accord-
ing to the recommendations of the International Contact Der-
matitis Research Group (9). To minimize the occurrence of
other skin reactions, each site was located at least 7.5 cm dis-

Table 1. Amount of leached nickel and the nickel contents from the metal alloys

ﬁl;;ecimen l@;;gg Ejfi Nick(teL;t;g)tents Egecimen ng;ig (lzlfi Nick(eLZj)S)tents
' (ugleme/week) : (uglem?/week)
1 Undetectable 23.1 7 Undetectable Undetectable
1-1 Undetectable Undetectable 7-1 Undetectable Undetectable
2 Undetectable Undetectable 8 Undetectable 134
2-1 Undetectable Undetectable 8-1 Undetectable 13.4
3 0.25 66.2 9 Undetectable Undetectable
4 0.33 741 9-1 Undetectable Undetectable
4-1 0.43 181 10 1.36 3,830
5 0.34 86.9 1 1.41 5,150
5-1 0.42 178 12 1.38 3,130
6 Undetectable Undetectable 13 0.44 468
6-1 Undetectable Undetectable 14 0.38 149

Specimens: No. 1-3, cheap earrings of unknown contents; No. 4-6, earrings of 14 K gold coated with white gold; No. 7-9, earrings of 14 K gold; No.

10-11, belt buckles; No. 12, hooks; No. 13-14, metal buttons.

Detection limit of the amount of leached Ni from metal alloys: <0.1 ug/cm?/week. Detection limit of the Ni contents in metal alloys: 1 ug/g.
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tant from each other, and the test was performed at least 2 weeks
after the preliminary diagnostic patch test reaction was no
longer visible. The dilutions we used were 1% (2.1 mg/g of
Ni), 0.5%, 0.1%, 0.01%, 0.001%, 0.0005%, 0.0001%, and
0.00005% of Ni sulphate. The patches were applied on sin-
gle polypropylene-coated aluminum patch test Finn Cham-
bers that were premounted on Scanpor tape (Norgesplaster,
Oslo, Norway). Various concentrations of Ni sulphate in petro-
latum were applied directly into the 7-mm inner diameter Finn
Chamber, in an 8-mm long strip, so as to fill half of the cham-
ber (mean amount: 23 mg petrolatum-based allergen). After
application, the tape was fixed by pressing it firmly against
the skin, and the top of each chamber was gently pressed to
ensure even distribution of the Ni sulphate against the skin.
The patches were removed 48 hr after application, and a defini-
tive reading of the patch test was done 96 hr after applying
the patch; the readings were rated as follows: +, papular ery-
thema without vesicles; ++, vesicular reaction; + ++, extreme
(spreading, bullous, and ulcerative) reaction; ?, doubtful reac-
tion (erythema only); -, negative reaction.

RESULTS
The amount of Ni leaching in the artificial sweat

The results of analyzing the amount of Ni leaching from
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14 different metal alloys into artificial sweat are summarized
in Table 1. All the metal alloys were analyzed twice, and the
average is shown as the results. Six pairs of earrings (2 pairs
of the cheap earrings of unknown contents, one pair of 14 K
gold earrings coated with the white gold, and 3 pairs of 14 K
gold earrings) leached Ni below the lowest detectable limit
(<0.1 pglcm?/week), and the other three pairs of earrings
leached 0.25-0.43 ug/cm?/week of Ni. One pair of the three
14 K gold earrings coated with white gold leached the high-
est amount of Ni among all the earrings, which was 0.43 g/
cm?/week. The amount of Ni released from the 2 belt buck-
les, 1 hook, and 2 metal buttons were 1.36 and 1.41 ug/cm?
week, 1.38 ug/cm?week, and 0.38 and 0.44 ug/cm?/week,
respectively.

The total amounts of Ni content in the metal alloys

The total amounts of Ni contents in the metal alloys are also
shown in Table 1. Five earrings contained an undetectable
amount (<1 ug/g) of Ni, and the other earrings contained 13.4
to 181 ug/g of Ni. One pair of the three 14 K gold earrings
coated with white gold contained 181 pg/g of Ni, which was
the highest amount of Ni content among all the earrings. The
other metal alloys, including the belt buckles, metal buttons,
and hook, contained various amounts of Ni in the range of
149 to0 3,830 uglg.

Table 2. Results of patch testing with serial dilutions of nickel sulphate in petrolatum in 20 subjects after 96 hr

wcon. 5% 1% 0.5% 0.1% 0.01% 0.001% 0.0005% 0.0001%  0.00005%
Subject

1 ++ ++ + - - - - - -
2 ++ ++ ++ + - - - - -
3 ++ + - - - - - -
4 +++ +++ ++ ++ ++ + - - -
5 ++ ++ + + - - - - -
6 ++ ++ ++ + - - - - -
7 ++ ++ ++ ++ + - - - -
8 ++ ++ ++ + - - - - -
9 ++ ++ ++ + - - - - -
10 +++ ++ ++ ++ + - - - -
11 ++ ++ ++ + - - - - -
12 +++ +++ ++ ++ ++ + - - -
13 4+ +++ ++ + + + + ? -
14 ++ ++ + - - - - - -
15 +++ ++ ++ ++ + + + + -
16 ++ ++ ++ + + + - - -
17 +++ ++ ++ + + + - ? -
18 ++ ++ ++ + - - - - -
19 ++ ++ ++ + + - - - -
20 +++ ++ ++ + + + - - -
Total No. of positive 20 20 19 17 10 7 2 1 0

subjects with reactions

5% (10.4 mg/g of Ni), 1% (2.1 mg/g of Ni), 0.5% (1.04 mg/g of Ni), 0.1% (0.21 mg/g of Ni), 0.01% (0.021 mg/g of Ni), 0.001% (0.0021 mg/g of Ni),
0.0005% (0.00104 mg/g of Ni), 0.0001% (0.00021 mg/g of Ni), and 0.00005% (0.000104 mg/g of Ni). Subjects with atopic dermatitis: No 2, 4, 12, and 20.
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Diagnostic patch testing with Ni sulphate in petrolatum
for determining the provocation threshold

All 20 subjects had positive results on the preliminary diag-
nostic patch testing with 5% Ni sulphate in petrolatum (10.4
mg/g of Ni). The results of the tests with serial dilutions of
Ni sulphate in petrolatum are shown in Table 2. All the sub-
jects had positive reactions with 1% Ni sulphate in petrola-
tum (2.1 mg/g of Ni). Ten of the 20 subjects showed a posi-
tive reaction to 0.01% Ni sulphate. The lowest concentration
of Ni sulphate eliciting a positive reaction varied considerably
from person to person, ranging from 1% to 0.0001%.

DISCUSSION

In this study, all of earrings we examined leached Ni below
the regulation limit of Ni, according to the directive by the
EU. Although they contained Ni below the regulation limit,
the 14 K gold earrings coated with white gold leached Ni in
the artificial sweat unexpectedly. These results indicated
that even gold plating cannot prevent Ni from being released.
It is interesting that 2 of the 3 pairs of cheap earrings of un-
known contents leached less than 0.1 pg/cm?/week of Ni,
whereas 2 of the 3 pairs of 14 K gold earrings coated with
the white gold leached 0.33 and 0.43 ug/cm?/week of Ni,
respectively.

The dimethylglyoxime (DMG) test is widely used to check
whether Ni is contained in the metal alloys, and we performed
this test in our study. The results showed that the belt buck-
les, hook, and metal buttons were all positive, whereas only
one pair of earring was positive and the other earrings were
all negative (data not shown). This range of reactivity illus-
trates a potential limitation of the DMG test, that is, the test
is only positive upon release of more than 10 ug of Ni (10).
For this reason, we analyzed the amount of Ni contained in
the metal alloys by using aqua regia instead of the DMG test.
All of the 6 pairs of earrings that leached undetectable amounts
of Ni contained undectectable amounts of Ni. The other 3
pairs of earrings contained a variable amount of Ni in the range
of 13.4 to 181 ug/g. The other metal alloys contained much
higher amounts of Ni, from 149 to as high as 5,150 ug/g. Thus,
6 pairs of earrings contained Ni below the limit of Ni, accord-
ing to the regulations of the EU, but the other 3 pairs of ear-
rings and the other metal alloys exceeded this limit. Overall,
there is a close relation between the amount of Ni leached in
the artificial sweat and the total content of Ni in the metal
alloys, except for a few earrings. To our knowledge, this is the
first study about the relation between the leaching amount
of Ni and the total content of Ni in the metal alloys.

Next, to further examine the clinical relevance of the EU
regulations for limiting Ni, we performed the Ni-patch test
for the Korean patients who were sensitive to Ni because it is
the most valuable clinical method used to define the thresh-
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olds for eliciting ACD. Various studies have proposed the opti-
mum vehicle for Ni-patch test, but the results are controver-
sial (11, 12). In a recent study, the results of patch testing using
petrolatum or water as vehicle were broadly comparable, but
more volunteers reacted to a lower Ni concentration when
petrolatum was used as a vehicle (13). Therefore, in our study,
Ni-patch testing was done with petrolatum as the vehicle to
determine the lowest concentration of Ni that induced ACD.

In our study, 50% of the participants reacted to 0.01% Ni
sulphate (0.976 ug/cm?), 10% reacted to 0.0005% Ni sulphate
(0.0488 ug/cm?), and the most sensitive person reacted even
to 0.0001% Ni sulphate (0.0097 pg/cm?). In other studies,
the average concentration to which only a very limited num-
ber of sensitized persons will react is becween 0.0002-0.004%
(0.019-0.39 ug/em?), and 50% will react to 0.02-0.35% (1.95-
34 pg/em?), which are higher concentrations than in our
results (13-20). Although patch tests were performed on only
20 subjects in this study, our subjects were more sensitive to
Ni than those of other studies.

It is well known that subjects with atopic dermatitis (AD)
are more sensitized to hydrophilic agent such as nickel, food,
and flower, but less sensitized to hydrophilic or lipophilic agents
such as urushiol. In this study, 4 subjects (20%) had AD and
one of them showed Ni-ACD even to 0.01% of Ni. Larger
studies are needed to investigate the relationship of AD and
Ni-induced ACD.

In summary, it was demonstrated that all of the earrings
leached below 0.5 ug/cm?/week of Ni, the level the EU has
regulated, but the other metal alloys leached above this level.
Although we performed patch testing on 20 subjects, the re-
sults suggest that the Ni-sensitive subjects in our study were
more sensitive to Ni than the Ni-sensitive subjects in other
studies, which were mostly done in Europe. Based on these
results, stricter regulation about Ni containing metal alloys
will be needed in Korea in the near future. Such revised reg-
ulations would be able to help preventing sensitization and
elicitation of Ni-induced ACD and ultimately reduce the fre-
quency of Ni-induced ACD in Koreans.
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