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The concentrations of nickel in finger-nails, toe-nails,
hair and plasma from 71 nickel-hypersensitive
women and 20 non-hypersensitive women were deter-
mined. Nickel concentrations in finger-nails were sig-
nificantly higher than in toe-nails in both the nickel-
hypersensitive group and the control group. Nickel-
sensitive women had significantly higher levels of
nickel in toe-nails, hair and plasma than had control
subjects, whereas there was no significant difference
in nickel concentration in finger-nails between the
two groups. No correlation could be demonstrated
between nickel levels in any combination of nails,
hair and plasma in the nickel-hypersensitive or in the
control group.
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A number of investigations have been carried out to
determine the uptake and excretion of nickel in indi-
viduals who are occupationally exposed to this
metal. Determination of the levels of nickel in blood
or/and urine over a period of time has been the usual
method of studying nickel exposure (1-4).

The concentrations of nickel in the body fluids of
healthy individuals are reasonably well established
(5-8). Only a few studies have been made, however,
of nickel levels in nickel-hypersensitive individuals
(9, 10). The amounts of nickel in blood and urine
vary significantly from day to day and increase rap-
idly a few hours after oral challenge with nickel (11,
12). The determination of the nickel status of an
individual therefore requires several 24-h collections
of urine pools or the collection of several blood
samples.

The determination of nickel in nails or hair should
be pursued as an alternative to blood and urine
analysis. The nickel levels in nails and hair are less
likely to be subject to diurnal variations than blood
levels. The normal nickel concentrations in nails and
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hair are several orders of magnitude higher than the
levels in blood and urine (13-15) thus reducing con-
tamination during analysis to a minor problem. The
sampling procedure is simpler, and there are no
storage problems during the period between sam-
pling and analysis.

The purposes of the present investigation were 1)
to determine the levels of nickel concentrations in
finger-nails, toe-nails, hair and plasma in nickel-hy-
persensitive women: 2) to ascertain whether there is
any difference between nickel concentrations in
nickel-hypersensitive and normal women, and 3) to
determine if there is any correlation between the
nickel levels in nails, hair and plasma.

MATERIALS AND METHODS

Seventy-one women (age distribution 34.7 + 12.7 years,
range 18-68 years) with positive patch tests to 5% nickel
sulfate in petrolatum and 20 women of comparable age
(age distribution 34.1 + 10.3 years, range 22-53 years) with
no history of nickel hypersensitivity participated in the
study. None of the patients or control subjects were em-
ployed in the nickel plating industry or were otherwise
heavily exposed to nickel. Samples of finger-nails, toe-
nails, hair and plasma were obtained from as many of the
91 persons as possible. Due to nail-biting or recently cut
nails, samples from all sites were not obtainable from all
persons. Samples of finger-nails, toe-nails and hair were cut
with a pair of scissors made of stainless steel. In control
experiments, it was shown that the scissors did not release
nickel.

Approximately 50 hairs were cut close to the scalp and
trimmed to a length of 2 cm from the end closest to the
scalp. Nails were cut from as many fingers or toes as pos-
sible. The samples were stored in acid-cleaned plastic con-
tainers until the analyses were carried out.

Prior to determining their weight, the nail and hair sam-
ples were washed as follows. Samples were first treated
with a 0.1% solution of the surfactant Triton X-100 in an
ultrasonic bath for 15 min. Then the samples were washed
five times with ultrapure water followed by 5 one-minute
treatments with ultrapure water in an ultrasonic bath. The
rinsing solution contained less than 0.1 pg Ni/l. Finally the
samples were dried at 70°C overnight in an oven. The
washed samples were digested with a mixture of concen-
trated nitric and sulfuric acid and the nickel content was
determined by adsorption differential pulse voltammetry,
as
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Table 1. The nickel content (nglg) of nails, hair and plasma from nickel hypersensitive women and controls. N = number of

patients

N Mean S.D. Median Range
Nickel-hypersensitive persons
Fingernails 65 1080 1606 407 24-10309
Toe-nails 43 147 186 87 20-968
Hair 64 429 371 340 21-1739
Plasma 71 0.52 1.19 0.12 0.1-8.57
Control persons
Finger-nails 18 1331 2139 450 31-8744
Toe-nails 13 63 43 69 20-144
Hair 16 244 245 149 23-946
Plasma 20 0.14 0.15 0.10 0.10-0.79

described elsewhere (16). The limit of detection of this
method is less than 0.01 ng/g. Taking the uncertainty on
determination of blank values of the wet ashing into ac-
count, the limit of determination amounts to 20 ng/g. Any
result below this limit was assigned the value 20 ng/g.
Blood samples were collected with Venflon (TM) cannu-
las in heparinized, acid-cleaned polyethylene tubes, Plasma
samples were stored at —20°C. Prior to analysis. plasma
samples were diluted 141 with an aqueous solution 10-* M
in nitric acid and 0.1% in Triton X-100 and quantified by
Zeeman-corrected atomic absorption spectrometry as pre-
viously described (17). The limit of detection was 0.10 pg/l,
and any result below this limit was assigned the value 0.10

g/l

Statistics

The Mann-Whitney test was applied for comparison of the
medians of two samples and the Spearman rank correlation
coefficient was used to test the correlation of two variables
(18). Differences were considered to be significant for p
<0.05.

RESULTS

The nickel content of nails, hair and plasma from the
nickel-hypersensitive women and the control group

are shown in Table 1. The values do not follow a
normal distribution and the results are therefore bet-
ter characterized by their medians than by the mean
+ standard deviation (S.D.). The mean values are
given to make it possible to compare the results with
previously published levels.

Significantly higher levels of nickel were found in
the toe-nails (p <0.04), hair (p <0.03) and plasma (p
<0.001) from the group of nickel-hypersensitive fe-
males, compared with the controls, while there was
no statistically significant difference between
the nickel content of finger-nails from the two
groups.

The nickel content of finger-nails from both the
nickel-hypersensitive group and the control group
was significantly higher than that of toe-nails from
the two groups (p <5x107" for the nickel-hypersen-
sitive group and p <2x1077 for the control group).
Twenty-nine of the nickel-hypersensitive patients
suffered from hand eczema. The nickel content of
their finger-nails seemed to be greater than the level
in the remainder of the the nickel-hypersensitive
persons, whereas there was no evident difference

Table 11. Nickel content (nglg) of finger-nails from the groups of nickel-hypersensitive patients for whom significanily

different nickel levels were found N = number of patients

N Mean S.D. Median Range
Hand eczema 29 1279 1972 537 108-10309
No hand eczema 35 761 1228 246 24-5725
Severe treatment-
refractory eczema 7 3260 3367 2570 400-10309
Remainder of the
patients 57 735 1001 396 24-5725
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between the content of nickel in toe-nails, hair or
plasma from these two groups of patients.

Seven of the nickel-hypersensitive patients suf-
fered from severe, treatment refractory eczema on
the hands or other locations. These patients had
higher nickel concentrations in the finger-nails than
the remainder of the nickel-hypersensitive group,
while there were no apparent ditferences in the con-
tent of nickel in toe-nails, hair or plasma of those
with eczema, compared with those who had no ec-
zema. The nickel concentrations for these groups of
patients are shown in Table II.

High concentrations of nickel in finger-nail sam-
ples were not associated with specific occupations.
There was no correlation between the nickel levels
of finger-nails, toe-nails, hair and plasma within the
group of nickel-hypersensitive patients, nor within
the group of controls. Nor was any correlation found
between the strength of patch-test reactivity and the
levels of nickel in any of the types of specimens.

DISCUSSION

Significantly higher nickel levels were found in
plasma, hair and toe-nails from nickel-hypersensi-
tive women than from the control group. These find-
ings may reflect generally higher endogenous nickel
levels in nickel-sensitive women.

Plasma concentrations indicate the current, transi-
tory, endogenous level. Toe-nails are normally well
protected against external contamination, and their
nickel levels may reflect an average endogenous lev-
el at the time of formation. It is less likely that hair
reflects the endogenous nickel level as the metal
content of hair (as well as certain other factors) is
believed to be dependent on geographic location and
treatment with various shampoos, dyes, etc. (19).

The higher nickel levels seen in nickel-sensitive
persons compared with non-sensitized control per-
sons have not been observed before. The higher
levels may be due to increased absorption or im-
paired excretion of the metal in nickel-hypersensi-
tive persons (12). Spruit & Bongaarts (20) could not
demonstrate any difference in the amounts of nickel
in the plasma or hair of nickel-sensitive and non-
sensitive persons, and the present results should
probably be followed up by a study of larger pop-
ulations of patients.

There was no difference between the nickel con-
tent of finger-nails from nickel-hypersensitive and
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non-nickel-hypersensitive women. Finger-nail levels
reflect the current external contamination plus the
endogenous level at the time of the formation in the

nail matrix. Nickel (and other compounds) probably
accumulates as small dirt particles in minute pits in
the surface of the finger nails. These particles are
very difficult to wash out of the nails and it has been
shown that the heavier the exposure, the larger the
nickel content of the finger-nails (21). This external
contamination overshadows the endogenous levels.
The finding of significantly higher nickel levels in
finger-nails compared with toe-nails in boths groups
is in agreement with this. Similar results have been
reported by others (15, 16).

The 29 patients in the present study with hand
eczema and the 7 patients with severe, treatment
refractory eczema showed high nickel levels in fin-
ger-nails compared with the other allergic patients.
The two groups are interdependent. as some of the
patients with severe, treatment refractory eczema
also had hand eczema. No eczema-related differ-
ences were seen in the other types of samples. The
association between hand eczema and elevated nail
nickel levels may be due to increased nickel contact.
The hand eczema cannot be explained by increased
endogenous levels, as the levels in the other types of
samples did not vary in accordance with the degree
of eczema. By the same token the increased nickel
content of the finger-nails of the patients with se-
vere, treatment refractory eczema is not likely to
have an endogenous cause.

The nickel levels found in the present study are in
fairly good agreement with previously published val-
ues. The finger-nail medians of 407 and 450 ng/g are
not significantly different from the median of 488
ng/g (n = 95) in a concurrent study in which the
same washing procedure was used (21). For non-
washed finger nail samples, mean values of 1360 ng/g
(n=3)(14), 1380 ng/g (n = 5) (15) and 2.14 ug/g (n
= 14) (16) have been reported.

Mean nickel levels in toe-nails of from 260 ng/g to
0.78 ug/g have been reported (14-16).

Takagi et al. (22) made an international study of
trace elements in hair and found mean values var-
ying from 0.26 to 2.70 pg/g. depending on national-
ity. A reference material of a mixture of hair from
about 1000 Japanese males contained 1.8 pg/g nickel
(19).

Mean nickel concentrations in plasma of 0.46 =
0.26 pg/l (n = 39) and 0.3 £ 0.3 pg/l (n = 30) have
been reported (23, 24). All the values mentioned
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above were obtained in studies on persons who did
not have nickel allergy.

We did not expect to find any correlation among
the amounts of nickel in nails, hair and plasma. As
mentioned above, there is a considerable lapse of
time between the incorporation of nickel into nails
and hair and the time of analysis. As nickel levels of
nails and hair are dependent on such factors as
growth rates and dietary habits, different sections of
hairs and nails show different concentrations of
nickel. Furthermore, different nails and hair from
different sections of the scalp contain different
amounts of nickel (13, 19, 25, 26, 27).

In conclusion, the levels of nickel in the toe-nails,
hair and plasma of a group of nickel-hypersensitive
persons were seen to be higher than the levels of
non-nickel-hypersensitive controls. There was no
difference between the two groups with regard to the
levels of nickel in finger-nails.
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