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Abstract. Nickel was found in the film-like coating on 
used Swedish one-crown coins containing 5 % Ni in 
the alloy (0.17 µgf coin) and in those containing 25 % Ni 
(0.16 µ.g/coin). A film-coating containing nickel was 
noL founcl on ncwly mintcd one-crown picces. Nickel 
was also found in the film-coatiag of used 5-öre coin� 
of copper, which have no addition of nickel in the alloy 
(0.18 µ.g/coin), as well as in the film of used bank-notes 
(0.29 µ.g/bank-note). The copper coins and the bank
nores seem to be contaminated with nickel from other 
coins and from fingers. Nickel was released from cleaned 
"silver coins" by botb distilled water and synthetic sweat. 
More nickel was released from coins i.han from nickel
plated meta! sheets whicb had been treated in the same 
way as the coins. Nickel could be found in varying 
amouots (5-122 µg/person) on tbe hands of persons wbo 
bad been in contact with coins in their profession or 
who had counted coins for 5 minutes. Nickel from coins 
probably does not elicit dermatitis on healtby bands in 
sensitized persons but does contribute to the maintenance 
of a pre-exisling derrnatitis of Lhe hands. No cobalt could 
be detecte<l in the analyses. 

Hypersensitivity to nickel is relatively common, 

but its position in the ranking order of allergens 

varies in different studies (6, 8), and in different 

years (13). When the hands are affected by 

nickel-dermatitis, the course often becomes chro
nic (13, 17), probably due to unavoidable contact 

with nickel in everyday life, e.g. contact with 

coins. The purpose of the present study has been 

to investigate the release of nickel from coins and 
nickel-contamination of the hands. 

MATERIAL AND METHODS 

Swedish currency of Lhe following denomioations was 
used in the study: 1 crown (coin), 5 öre (coin, 1 crown = 
100 öre) and 10 crowns (bank-note). 

One-crown picces are "silver coins". They have been 
of the same size for many years, i.e. 25 mm in diameter. 
Coins from l 967 and earlier eon ta in 5 % nickel, while 
newer one-crown coins contain 25 % nickel. Five-öre 

coins are made chiefly of copper without the addition 
of nickel, and have a diameter of 27 mm. According to 
the Royal Swedish Mint, no nickel is added lo the coppcr 
alloy, but we found traces of nickel amounting to 150 
µg/g alloy. 

Experiment I 

In order to remove the film-like coaling from the money, 
it was soaked twice in about 50 ml of ethylic ether, which 
was then collected for analysis. The following sorts were 
examined: 

1) 100 pieces of 1-crown coins (25 % Ni) in portions of 
10, obtained directly from the Royal Swedish Mint. 

2) 250 pieces of used 1-crown coins (5 % Ni) in portions
of 10. 

3) 150 used 1-crown coins (25 % Ni) in portions of 10. 
4) 100 pieces of 1-crown coins (both 5 % and 25 % Ni). 

The cther was shaken with distilled water, which was later 
separated from thc ether. 

5) 200 used 5-öre coins in portions of 50.
6) 10 used bank-notes to the value of 10 crowns.
7) 10 new 10-crown bank-notes, obtained directly from

the Royal Swedish Mint. 
The ether from the series above, wilh the exception of 

Expt. 4, was collected in a glass container and then eva
porated. Twenty ml of 5 N hydrochloric acid was in
troduced and brought lo the boiling point, and then eva
porated to a volume of I 5 ml. The contenl of nickel and 
coball in these solutions, and in the water-phase of Expt. 
4, was examined by direct suction into an atomic absorp
tion spectrophotometer (Perkin-Elmer 303). 

Experime11t 11 

The release of nickel in waler and in synthetic sweal 
was determined in the following way: The film-coating 
on used 1-crown coins, both 5 %- and 25 %-nickel coins, 
was removed by ether. 

After this: 
1) Ten 1-crown coins (5% Ni) and ten 1-crown coins

(25 % Ni) were plac.ed for 24 ho urs in distilled water, 
eacb coin in 10 ml of water. 

2) The same number and sorts of coins were treated
in thc same way as above, but insteacl of water, synthetic 
sweat was used (0.5% NaCl, 0.1 % laclic acid and urea 
0.1 % in water; pH adjusted to 6.5 by ammonium hy
droxide). 
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Table J. Nickel-release in ethylic ether expressed as mean values oj ,,g Ni/coin (bank-110/e) 

The figures in parentheses are range values 

1-crown, new J-crown, used I -crown, used 
(25 % Ni) (5% Ni) (25% Ni) 

0 0.17 0.15 
(0.09-0.25) (0.11-0.27) 

3) Five 1-crown coins were placed in 5 separate g]asses
witb distilled water and 5 coins in 5 glasses with synthetic 
sweat for 15 minutes ro see if aoy nickel was released 
<luring that short time. 

4) Ten meta! sheets, each 2.9 x 2.9 cm in size, nickel
plated on both sides, were placed in distiUed water or syo
thetic sweat for 24 hours in !be same way as tbe coins. 

The water and synlhetic sweat were then analysed for 
nickel- and cobalt-comenr by direct suction into the 
atomic absorption spectropbotometer 

Experi111e111 lll 

Nickel- and cobalt-contamination of hands in different 
groups of subjects was investigatcd. None of Lbe subjects 
had any history of nickel-sensilivity or any skin-changes 
on their hands. Five persons washed their hands twice in 
tap-water and soap, coumed coins for 5 mjnutes, and 
then wasbed their hands twice in distilled water and with 
soi1p containing no nickel. All 4 poniuns of water were 
analysed. Nickel was found only in portions I and 3, 
which means that a single wash was sufficient to 
remove nickel from the hands bcfore lhe experiment and 
contaminaling nickel after tbe experiment. 

The subjects who were examined washed their hands 
tborou1thly for 3 mjm1tes with water and soap. At the 
conclusiou of the experiment, they washed their hands in 
one litre of distilled water and soap containing no nickel 
or cobalt. This portion of water was concentrated 10 
limes by evaporation, after which it was analysed for 
nickel and cobalt by direct suclion into the atomic ab
sorption spectrophotomcter. 

The following groups were cxamined: 
!) Thfrteen persons who had counted 100 pieces of 

cther-washed 1-crown coins for 5 rninutes. 
2) Thirty persons doing the same experiment with 1-

crown coins that bad been in circulation. 

Table II. Nickel-release during 24 hours from ether

washed coins and meta/ sheets (n = JO) expressed as 
µg Ni/coin and for the plated meta/ calculated as 

nickel-relea_se from an area (11.2 cm•) oj the same 
size as the coins 

Distilled water 
Synthetic sweat 

1-crown 

(5 % Ni) 

49 

96 

1-crown Nickel-platcd
(25 % Ni) meta! sheets

15 5 
137 5 
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5-öre, used 10-crown 10-crown,
copper bank-note, new bank-note, used 

0.18 0 0.29 
(0. 1 1-0.26) (0.12-0.35) 

3) Five employees in a de part ment store were cxarnined 
after 4 hours at work. One of the employees workcd at 
the information desk, wherc she also had to count the 
coins coming from thc bank to thc cash-registers in the 
store. Two others sold cosmetics, one sold bicycles and 
toys, and the fifth sold clothes. The four Jast-mentioned 
persons took payment for tbe goods at their clesks. 

4) Ten patients at the Out-patient Depanmcnt of
Dermatology were examined at 10 a.m. The patiems had 
110 band dermatitis and had no particular contacL with 
nickel on the day they were investigated. None of the 
persons in this group wasbed their hands accorcling to the 
schedule above before coming lo the departmcnt. 

RESULTS 
Experimenl l

The quantities of nickel found in the film-coating 
of different coins and bank-notes are given in 
Table I. When thc etller used to wash 100 pieces 
of 1-crown coins was shaken with water, 30 % 
of the nickel was transferred from the ether-phase 
to the water-phase. 

Experiment Il 

The quantities of nickel rcleased from 1-crown 
coins in distilled water and synthetic sweat during 
24 hours are given in Table 11. The amount of 
nickel released from plated meta! sheets under the 
same conditions is also indicated in this table. 
The meta! sheets have a surface area of 16.8 cm�. 
In order to compare the nickel-release with that 
of the coins, the release is expressed as µg Ni/ 
11.2 cm2 , which is the surface area of 1-crown 
COlllS. 

Water released more nickel from coins contain
ing 5 % nickel than from coins containing 25 % 
nickel. Synthetic sweat released more nickel from 
both types of coins than did water. More nickel 
was released from both sorts of coins in water 
and synthetic sweat than from plated metal sheets. 
The nickel-release in each group, according to 
the Students /-test, was significantJy different (P 
< 0.001) from that of all other groups, with two 



exceptions, i.e. there was no variation of thc 
nickel-release from 5 % Ni coins and 25 % Ni

coins into synthetic �weat-and no variation of 
the release from plated meta) into waler and �) n
thetic swea t. 

ln the short-term experiment. nickel could be 
demonstrated both in distilled water and in syn
thetic S\\eat after only 15 minutes. 

Experiment Il T 

The hands of different groups of subjects were 
found to be contaminated with nickel: 

l .  Thirtccn persons who had counted ether
washed 1-crown coins for 5 minutcs, 32 µ,g Ni/ 
person (rangc 5-70). 

2. Thirty persons ,,ho had counted used 1 -cro"n
coins for 5 minutes, 37 µ,g Ni/person (range 6-
122). 

3. Nickel could be determined on the hands
of all the 5 employees in the department store 
in the range of 17 µ,g (information desk) - 96 µ,g 
(clothes). The mean value was 50 /J-g/person. 

4. Ten patients at the out-patienl department of
dermatology, 16 µg 'i 'person (range 10-18). 

Cobalt \\,as not found in any of the analyses. 
The minimum detectable amount with the atomic 
absorption spectrophotometer is less than 0.5 µg.

DISCUSSION 

Ethylic ether could frce nickel from used 1-
crown pieces, but not from newly minted coins. 
The nickel regaincd in the ether has probably 
been located in the film of dirt. fat, sweat and 
oxides on the surface of the coins. The mean 
value or nickel found on the surfacc of coins con
taining 5 °o and 25 °o nickel was the same, ,,hile 
the range of individual ,alues was quite "'ide, 
probably depending on how worn thc coins wcre. 
About 1/3 of the nickel found in the ether was 
water-solublc and thu\ probably ionized. The non
water-soluble nickel remaining in the ether-phase 
may consist of meta! and oxides. The non-water
soluble nickel in lhe film-coating could probably 
be dissolved on contact with skin and sweat. 

The ether contained the same quantity of nickel 
per coin after having been used for washing cop
per coins (5 öre) as was found in the ether after 
washlng silver coins. This is remarkable, as there 
are only traces of nickel in 1he alloy of these 
coins. The presence of nickel is interpreted as a 
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contamination of the copper-coins from other 
coins containing nickel, and from hands. Used 
bank-notes "crc also contaminated with nickel. 

In Experiment TT there wa� some variation in 
the release of nickel from individual coins. One
crown coins containing 5 % Ni released more 
nickel in distilled water than coins containing 5

times more nickel; thus the 25 % -nickel alloy 
seems to be more resistant to water. 

Tt is noteworthy that the release of nickel from 
an alloy consisting partly of nickel, i.e. from coins. 
is much greater than that from meta) sheets plated 
of I 00 % nickel, where it is intended to be re
sistant. The relief design on the coins increases 
their surface-area, but not to such an extcnt that 
it can explain thi� variation of nickel-release. 

Whcn two series of persons counted 1-crown 
coins for 5 minutcs, the mean nickel-conlctmina
tion of the hands from used coins and from 
ether-washed coins "as almost the same. The 
film on the coins thus offers no protection. Only 
5 minutcs of intense handling of coins is sufficient 
to release nickel. 

The range of individual nickel-contamination of 
hands was quite wide and was probably correlated 
to the degree of sweating. Collins has shown a 
positive correlation between metal-corrosion and 
palmar sweat-rate (4). All the 5 employees of the 
department store had nickel on their hands. The 
mean value of nickcl-contamination aftcr 4 hours 
at work was only slightly higher than that for 
persons who counted coins for 5 minutes. All the 
cmplo) ees had contact with coins, but Lhcre may 
havc becn other nickel-sources in their environ
ment. The group of JO out-patienls also had 
nickel-contamination of their hands. 

The present study demonstrated nickel that 
could be washed off the hands, but lhe method 
does not exclude the possibility that somc nickel 
might have been more firmly bound to the skin. 

Under patch test condilions it has been shown 
that a 15-minute test produces equally strong skin 
reactions as does a 24-hour test (16). 

The nickel-contamination of hands expressed 
in absolute amounts of nickel in the present study 
cannot be compared to eliciting threshold con
centrations of nickel in a cup-test (12) or a patch
test ( I 0). 

Smaller amounls of nickel are required in a 
patch-test in order lo elicit a skin reaction, if the 
skin barrier is injured (J 0, 15), as compared with 
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