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Abstract

The role of contact with nickel-containing coins has been controversial. The aim of our study was to
compare the release of nickel from Euro (1 and 2) coins and from Polish coins (2 PLN and 5 PLN) at 4°C and

32°C in an immersion test using artificial sweat according to the EU reference method. Nickel extract was ana-

lyzed at 8 time points starting from 1 h up to 168 h. After 7 days of test duration at 32°C, nickel ion concen-
tration was 96.27+4.01 pg/cm?, 79.31+1.95 pg/em?, 38.34+1.19 pg/cm?, and 32.17+2.36 pg/cm? for 2 Euro,
1 Euro, 5 PLN, and 2 PLN, respectively. The amount of nickel ion released at 4°C was reduced by about 70%
and 40% for Euro and Polish coins, respectively. These values exceed the limit acceptable for prolonged con-

tact with human skin as defined by the EU Nickel Directive, which indicates that nickel may be capable of

eliciting allergic reactions in subjects handling nickel-containing coins daily.
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Introduction

Nickel is a common allergen in Western countries that
affects 10% of women and 1-2% of men [1]. It has been sug-
gested as a possible cause of hand dermatitis and eczema,
especially following direct and prolonged contact with prod-
ucts containing it [2]. Sensitization to this metal can be seen
in a number of occupations, including pottery workers, con-
struction workers, tailors, hairdressers, and painters [3]. High
industrial exposure to nickel includes ore refining and nickel
plating [4]. Furthermore, chemical processes utilizing nickel
as catalysts may contribute to sensitization in nickel-sensitive
subjects [5]. Nickel allergy in women can frequently be
caused by wearing nickel-releasing jewellery [6]. Nickel
may be released from some stainless steel products [7]. Its
release is facilitated by corrosion of the metal enhanced by
aggressive sweating, leading to rust formation [8].
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Although persistent contact of nickel-containing items
with the skin is generally believed to cause sensitization in
nickel-allergic subjects, the role of brief and repeated con-
tact with nickel containing materials, such as coins, is a
matter of debate. Therefore, there are still unanswered
questions as to whether nickel-releasing coins may be a risk
factor for allergic contact dermatitis on hands [9]. Cashiers
and shop assistant in money-handling occupations are reg-
ularly exposed to trace levels of nickel extracted by sweat
on their fingers from coins containing appreciable amounts
of the metal (5-10% Ni) [10]. The introduction of Euro cur-
rency in most EU countries in 2002 has led to new interest
in the allergic risks related to the incorporation of nickel in
Euro coins [11]. Some studies have claimed that Euro coins
release more nickel and pose a greater risk to human health
than the previous old coinage [12]. Others suggest that Euro
coins do not pose a greater risk to human health than the
previous national currencies because of too brief contact
with sweat [13].
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Table 1. Characteristics of the coins selected for study. Coin surface areas were calculated, including the outer rim area.

Denomination Appearance Composition Surface (cm?)

white external ring copper-nickel Cuys, Niys

2 Euro L . nickel brass Cuys, Zn,, Nis nickel core 12.2
YESOW CERIE (three layers Cuiys, Zny, Nig/Ni,gy/Clzs, Zilyg, Nic)
yellow external ring nickel-brass Cuss, Zn,,, Nis copper-nickel

1 Euro . nickel brass Cuss, Ni,s nickel core 10.2
White center (three layers Cuss, Niys/Ni;o0/Cuizs, Nis)
external ring copper-nickel Cu;sNi,s

5 PLN - 114
yellow center Cuyg,, Alg, Ni,
yellow external ring Cuyg,, Alg, Ni,

2 PLN - - 94
white center copper-nickel Cuys, Niys

The aim of the present study was to compare the release
of nickel from Euro coins (1 Euro and 2 Euro) and from
Polish coins (2 PLN and 5 PLN) using the EU reference test
method.

Materials and Methods

Polish coins were selected from general circulation and
the Euro coins were purchased from an exchange office. In
total, eight pieces of each coin were used. The characteristics
of the coins selected for the studies are shown in Table 1. The
reference test method for nickel release, EN1811 (EU
Nickel Directive), was used [14]. Prior to our experiment,
the coins were cleaned with detergent and alcohol and
rinsed with deionized water.

The artificial sweat used in the study was prepared from
0.1% urea, 0.1% lactic acid, and 0.5% sodium chloride dis-
solved in deionized water. The pH was adjusted to 6.5 by
the addition of ammonium hydroxide. The solution was
used within 3 hours of preparation. After the cleaning pro-
cedure, each coin was separately immersed in 10.4-12.5 ml
of artificial sweat (depending on the size of the coin) in a
plastic tube. The extraction test was performed at 32°C and
at 4°C in a closed laboratory hood. After 1 h, 24 h, 48 h, 72
h, 96 h, 120 h, 144 h, and 168 h of extraction, each coin was
removed from the solution using plastic forceps and the
concentration of nickel released in the artificial sweat was
determined by atomic absorption spectroscopy (model
ASA vario 6) with acetylene flame at a wavelength of 232
nm. Nickel released into artificial sweat after each of 8
extraction times was measured five times. The amount of
nickel extracted from an area of the coin was calculated and
expressed in pg/cm’. The surface of the areas of the tested
coins were obtained from geometric dimensions including
the area of the outer rim.

Statistical analysis was performed with the use of
Statistica 8.0 computer program. The use of the Shapiro-
Wilk test did not confirm the normal distribution of the ana-

lyzed data. To compare the differences between the tested
coins, the non-parametric alternative of the analysis of vari-
ance ANOVA was applied (Kruskal-Wallis test). To com-
pare the statistical significance between two tested coins,
the non-parametric alternative of t-Student’s test (U Mann-
Whitney) was used. A p value of <0.05 was considered sta-
tistically significant. The concentration of nickel ions was
expressed as median + interquartile range.

Results

The results of nickel extraction from coins immersed in
artificial sweat for 1 h, 24 h, 48 h, 72 h, 96 h, 120 h, 144 h,
and 168 h are shown in Fig. 1. Nickel was detected in all
extracts, but the amount increased significantly with the
duration of extraction with artificial sweat. The largest
amount of nickel ions released after 7 days (168 h) of
immersion in the artificial sweat at 32°C was obtained from
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Fig. 1. The amount of nickel released from tested coins immersed
in the artificial sweat 1 h, 24 h, 72 h, 48 h, 96 h, 120 h, 144 h,
and 168 h at 32°C, as expressed in pg/cm’. The figure shows
median =+ interquartile range of Ni*" concentration (p=0.0019).
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Table 2. Statistical significance of differences in nickel released
by tested coins in artificial sweat at 32°C based on U Mann-
Whitney’ test.

T;Slf: 2Fwo | 1Euwo | SPLN | 2PLN
2 Euro - NS 0.0004 | 0.0001
1 Buro NS - 0.0033 | 0.0006
SPLN | 00004 | 00033 - NS
2PLN | 00001 | 0.0006 NS -

NS — no statistical significance (p>0.05).

Table 3. Statistical significance of differences in nickel releas-
ing by tested coins in artificial sweat at 4°C based on U Mann-
Whitney’ test.

ch)slfg 2Fwo | 1Euwo | SPLN | 2PIN
2 Euro - NS 0.0005 | 0.0001
I Euro NS - 00034 | 0.0003
SPLN | 00005 | 0.0034 - NS
2PLN | 00001 | 0.0003 NS -

NS — no statistical significance (p>0.05).

2 Euro (96.27+4.01 pg/cm?) and 1 Euro coins (79.31£1.95
pug/cm?), whereas the nickel ion concentrations derived
from 2 PLN and 5 PLN was much lower (38.34+1.19
pug/cm? and 32.17+£2.36 pg/cm?, respectively). A compari-
son of nickel amounts extracted from all analyzed coins
revealed statistically significant differences (ANOVA, p=
0.0019). However, there was no statistically significant dif-
ference in nickel concentrations between 2 and 1 Euro
coins and between 5 and 2 PLN after 7 days of immersion
in the artificial sweat. For the all remaining pairs of tested
coins to be compared, the differences were statistically sig-
nificant (p<0.05, Table 2). The ocular visible increase in
nickel ion extraction leading to blue-greenish colour of the
extraction solution was observed after 72 h.

The amounts of nickel released from tested coins after
immersion in the artificial sweat at 4°C were statistically
lower than those released at 32°C temperature (Fig. 2). The
analysis showed similar differences in the quantity of nick-
el released by the analyzed coins as that performed at 32°C.
The lowest amount of nickel ions released after 7 days of
immersion in artificial sweat at 4°C was found for 2 PLN
(12.42+1.04 pg/cm?®) and 5 PLN coins (16.73£1.9 pg/cm?),
whereas the nickel ion concentration obtained from 1 Euro
and 2 Euro was much higher (54.21+1.4 pg/cm? and 65.31+
3.98 pg/em?, respectively). The differences in nickel con-
centration extracted from all tested coins at 4°C were statis-
tically significant (ANOVA, p=0.0021), but also, there was
no statistical significance between nickel amounts extract-
ed from 2 and 1 Euro coins and from 5 and 2 PLN after 7
days of immersion in the artificial sweat. For the all remain-

ing pairs of tested coins to be compared, the differences
were statistically significant (Table 3). After 7 days of
immersion in artificial sweat, the surface of tested coins
showed the effects of corrosion.

Discussion

It is well known that when nickel-containing alloys are
in direct contact with the skin, nickel is readily released due
to the influence of human sweat [15]. The free nickel ions
denote a risk of primary sensitization or elicitation of der-
matitis in nickel-sensitized subjects. This observation was
the cause of the legislative regulation and the introduction
of the Nickel Directive in EU countries (94/27/EEC) [16].
It has been established that nickel-containing jewelry,
which is in constant and direct contact with human skin and
sweat, may contribute to nickel sensitization [17].

Nickel released from coins remains controversial. The
absence of wet and irritant work, interrupted contact, and
partial protection by the horny layer of the palm may be
why it is too difficult to prove that coin handling is the elic-
iting allergy factor in the general public. Some researchers
have found no significant increase in the prevalence of hand
eczema in the individuals occupationally exposed to coins
[18], but others have claimed that a large percent of cashiers
have a history of nickel dermatitis [10, 19]. Further investi-
gations have shown that only highly sensitive subjects were
likely to be susceptibile to clinical hand eczema [20].

In the present study, Euro coins released two times more
nickel ions than Polish coins after 7 days of immersion in
artificial sweat. This dissimilarity may explain the composi-
tion of tested coins. Alloys cannot be considered as mixtures
of metals, so that the rates of release of a particular con-
stituent do not necessarily scale with its percentage in the
alloy [21]. Pure nickel coins (French 1 F) were found to
release less nickel than Cu,sNi,s coins (Swedish 1 Kr, British
10 p) (4 pg cm? week! vs. 30 pg cm? week™") [22, 23]. The
1 and 2 Euro coins are bimetallic and, moreover, they contain
three layers in which nickel is in different concentrations.
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Fig. 2. The amount of nickel released from tested coins immersed
in artificial sweat 1 h, 24 h, 72 h, 48 h, 96 h, 120 h, 144 h, and
168 h at 4°C, as expressed in pg/cm® The figure shows medi-
an + interquartile range of Ni** concentration (p=0.0021).
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In the 1 Euro the yellow outer ring contains nickel-brass
(Cu;5Zn,(Nis) by weight, and the white center contains a
copper-nickel core (Cu,5Ni,s). In the 2 Euro coin the yellow
centre contains nickel-brass, the white outer ring is cupro-
nickel. Nickel release is enhanced by metal electrochemical
corrosion because of the presence of high galvanic potential
of 30-40 mV between the two metallic parts in human
sweat [24, 25]. An alternative explanation can be sought in
the nature of passivating corrosion layers formed upon
exposure to the artificial sweat. Copper-rich Cu/Ni alloys
(such as those composing of 1 and 2 Euros) build up a layer
consisting of cuprons oxide, while nickel-rich alloys build
up a layer of nickel oxide and hydroxide. This implies that
during the growth of the corrosion layer, copper-rich alloys
may release nickel into solution while retaining copper,
whereas nickel-rich alloys (pure nickel coins) retain nickel
in a thin, resistant layer [26].

The lower amount of the nickel ions released during the
immersion test of Polish coins may explain the presence of
aluminum in their composition. Aluminum in the yellow
center of 5 PLN and in yellow external ring of 2 PLN inhib-
it nickel electrochemical corrosion because of its location in
the galvanic series. Nickel is more noble than aluminum,
thus aluminum has corroded working as an anode during
contact with human sweat.

The release of nickel from 1 and 2 Euro coins and
Polish coins (2 PLN and 5 PLN) at 32°C exceeded the limit
acceptable for prolonged contact with human skin (as
defined by EU Nickel Directive 0.5 mg/cm?*/week) by a fac-
tor of 160-190 for Euro coins and 68-78 for Polish coins.
Similar observations concerning Euro coins were made by
Liden and Carter and Liden et al. [22, 27].

The increase of temperature enhances the nickel ions
release from different coins [28]. In the present study, the
increase of temperature from 4°C to 32°C accelerated nick-
el releasing from all tested coins. The amount of nickel ions
after 7 days of immersion in artificial sweat augmented by
about 70% and 40% for Euro and Polish coins, respective-
ly, so the most important in the protection of nickel sensi-
tized subject is low room temperature. Low temperature
also inhibits aggressive sweating of hands, which protects
metallic items from rust formation.

The test method with artificial sweat has some limita-
tions. Although artificial sweat of pH 6.5 is used, it should
be pointed out that pH value varies with time, where even
a highly acidic solution tends to approach buffered condi-
tions. Enhanced nickel release does not necessarily imply
enhanced risk of nickel contamination during everyday
manipulation of coins, particularly when the relevant time
scale is on the order of seconds rather than hours or days,
and where the available solution volumes are very much
smaller than in the experimental condition [29]. On the
other hand, the contact test during the experiment does not
reproduce the mechanical function that accompanies the
handling of currency.

After the introduction of the new currency, Euro coins
are handled most frequently in most European countries.
Thus, some professional categories, such as cashiers, taxi

drivers, shop assistants, and other individuals handling
coins for large parts of their working days, are currently far
more exposed than before Euro introduction. Several
micrograms of nickel chloride may be transferred daily
onto the hands by intense contact with high nickel releasing
coins and apart from possibly causing hand dermatitis in
predisposed persons, nickel may be carried to other skin
sites, where an impaired barrier may favour its penetration.
The nickel content in 1 and 2 Euro coins may represent a
possible health hazard and the introduction of Euro missed
the chance to put an end to the risk run by occupationally
exposed and nickel-allergic individuals.

Conclusions

Nickel is released from 2 Euro and 1 Euro coins at sim-
ilar amounts that exceed the limit acceptable for prolongat-
ed contact with human skin, as definied by the EU Nickel
Directive.

In comparison with Euro coins, nickel released from
Polish coins (2 PLN and 5 PLN) is significantly lower
because of the influence of aluminum in their composition.

The increase of temperature from 4°C to 32°C signifi-
cantly enhances nickel ion release.

References

1. LIDEN C., JOHNSSON S. Nickel on the Swedish market
before the Nickel Directive. Contact Dermatitis 44, 7,
2001.

2. LIDEN C., BRUZE M., MENNE T. Contact Dermatitis 4"
editions Frosch PJ. Menne T. Lepoittevin J-P (Ed.),
Springer: Berlin/Heidelberg, pp. 537-568, 2006.

3.  SUTTHIPISAL N., MC FADDEN J.P, CRONIN E.
Sensitization in atopic and non-atopic hairdressers with hand
eczema. Contact Dermatitis 29, 206, 1993.

4. STATON I, MA R., EVANS N., HUTCHINSON R.W.,
MCLEOD C.W., GAWKRODGER D.J. Dermal nickel
exposure associated with coin handling and in various occu-
pational settings: assessment using a newly developed finger
immersion method. Br. J. Dermatol. 154, 658, 2006.

5. GADDONI G., BALDASSARI L., FRANCESCONI E.,
MOTOLESE A. Contact dermatitis among decorators and
enamellers in hand-made ceramic decorations. Contact
Dermatitis 28, 127, 1993.

6. NAKADAT., JJIMAM., KAKAYAMA H., MAIBACH H.
Role of ear piercing in metal allergic contact dermatitis.
Contact Dermatitis 36, 233, 1997.

7. HAUDRECHY P., FOUSSEREAU J., MANTOUT B.,,
BAROUX B. Nickel release from nickel-plated metals and
stainless steels. Contact Dermatitis 31, 249, 1994.

8. BURTON J.L, PYE R.J., BROOKERS D.B. Metal corro-
sion by chloride in sweat: the problem of “rusters” in indus-
try. Br. J. Dermatol. 95, 417, 1976.

9. JELLESEN M.S., HILBERT L.R., MENNE T., MOLLER
P. Nickel release from nickel-plated metals and stainless
steel. Br. J. Dermatol. 155, 1301, 2006.

10. GOLLHAUSEN R., RING J. Allergy to coined money:
nickel contact dermatitis in cashiers. J. Am. Acad. Dermatol.
25, 365, 1991.



Nickel Release from Euro and Polish Coins:...

1011

11.

12.

13.

14.

15.

16.

17.

18.

19.

ABERER W., KRANKE B. The new EURO releases nickel
and elicits contact eczema. Allergy 59, 669, 2004.
NUCERA E., SCHIAVINO D., CALANDRELLI A.,
RONCALLO C., BUONOMO A., PEDONE C., LOM-
BARDO C., PECORA V., DE PASQUALE T., POLLAS-
TRINI E., PATRIARCA G. Positive patch tests to Euro
coins in nickel-sensitized patients Br J Dermatol 150, 500,
2004.

KANERVA L., ESTLANDER T., JOLANKI R. Bank clerk's
occupational allergic nickel and cobalt contact dermatitis
from coins. Contact Dermatitis 38, 217, 1998.

European Committee for Standardisation (CEN). Reference
Test Method for Release of Nickel From Products Intended
to Come into Direct and Prolonged Contact with the skin,
EN 1811. Brussels CEN, 1998.

MEDING B. Epidemiology of nickel allergy. J Environ
Monit 5, 188, 2003.

European Parliament and Council Directive 94/27/EC of 30
June 1994. Official Journal of the European Communities
22 July 1994: No. L188:1-2.

NIELSEN N., MENNE T. Nickel sensitization and ear
piercing in an unselected Danish population. Contact
Dermatitis 29, 16, 1993.

MENDING B., SWANBACK G. Occupational hand
eczema in an industrialized city. Contact Dermatitis 22, 13,
1990.

VAN KETEL W. Occupational contact with coins in nickel-
allergic patients. Contact Dermatitis 12, 108, 198S.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ZHAI H., CHEW A., BASHIR S. Provocative use test of
nickel coins in nickel-sentitized subject and controls. Br J
Dermatol 149, 311, 2003.

FLINT G. A metallurgical approach to contact dermatitis.
Contact Dermatitis 39, 213, 1998.

LIDEN C., CARTER S. Nickel release from coins. Contact
Dermatitis 44, 160, 2001.

PEDERSEN N., FREGERT S., BRODELIUS P., GRU-
VBERGER B. Release of nickel from silver coins. Acta
Derm. Venereol. 54, 231, 1974.

NESTLE F., SPEIDEL H., SPEIDEL M. Metallurgy: high nickel
release from 1- and 2-Euro coins. Nature 419, 132, 2002.
FOURNIER P., GOVERS T., FOURNIER J., ABANI M.
Contamination by the nickel and other metals during han-
dling the coins : comparison French and Euro coins. C R
Physique 3, 749, 2002 [In French].

COLIN S., BECHE E., BERJOAN R., JOLIBOIS H.,,
CHAMBAUDED A. An XPS and AES study of the free cor-
rosion of Cu-, Ni- and Zn- based alloys in synthetic sweat.
Corrosion Sci. 41, 1051, 1999.

LIDEN C., LIZBET S., VAHTER M. Release of nickel from
coins and depositions onto skin from coin handling — com-
paring Euro coins and SEK. Contact Dermatitis 59, 31, 2008.
MENNE T., SOLGAARD P. Temperature - dependent nick-
el release from nickel alloys. Contact Dermatitis 5, 82, 1979.
FOURNIER P., GOVERS T. Contamination by nickel, cop-
per and zinc during the handling of Euro coins. Contact
Dermatitis 48, 181, 2003.






