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Abstract

Effect of nickel (Ni) on human organism is still evaluated, although there are few
research papers dedicated to this problem. The participation of Ni in carcinogenesis and
allergic reactions is considered. Nickel is absorbed through the alimentary tract, lungs and
skin. Concentration of Ni in blood and urine is low (about 1 µg L-1). More nickel has been
determined in tissues such as liver, lungs and osseous tissue. The aim of this work was to
assess the Ni level in human hair (n = 220, 110 women and 110 men) and correlations
between Ni and other elements i.e. calcium (Ca), magnesium (Mg), zinc (Zn), iron (Fe),
lead (Pb), and cadmium (Cd). Hair washed with acetone and redistilled water was minera-
lized in mixture of HNO3 and HClO4 acids. Content of the elements was determined by
the atomic absorption spectrometry method AAS. Concentrations of Ca, Mg, Zn, Cu, and
Fe was measured by the flame technique (FAAS), while concentration of Pb, Cd and Ni
was analyzed by the electrothermal atomic absorption spectrometry in a graphite furnace
(GFAAS). The data were the subject of statistical analysis. The mean Ni concentration in
the hair samples was 0.24 µg g-1 (median 0.17 µg g-1, range 0.01-1.77 µg g-1). Slightly
more Ni was found in hair of women (0.25 µg g-1) than of men (0.22 µg g-1). Statistically
higher concentrations of Ni were noticed in hair of men > 20 years than in younger men
(p<0.05). Statistically significant positive correlations (for Zn, negative correlation) were es-
tablished between Ni and Cd, Pb, and Cu concentration. Hair is available easily and non-
invasively for tests and owing to a higher Ni level in hair than in physiological fluids, such
tests help reduce analytical error. Therefore, hair is a very suitable material for monito-
ring elements in the human body.

Key words: nickel, bioelements, toxic metals, hair, atomic absorption spectrometry (AAS).
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BADANIA NAD ZAWARTOŒCI¥ NIKLU WE W£OSACH LUDZKICH

Abstrakt

Oddzia³ywanie niklu (Ni) na organizm cz³owieka nadal jest przedmiotem badañ, jed-
nak liczba opublikowanych prac poœwiêconych tej tematyce jest niewielka. Rozpatrywany
jest udzia³ tego pierwiastka w procesie kancerogenezy oraz jako czynnika wywo³uj¹cego
alergiê. G³ówne drogi wch³aniania Ni to przewód pokarmowy, p³uca i skóra. Stê¿enie tego
pierwiastka we krwi i moczu jest niskie i wynosi ok. 1 µg L-1. Wiêksze jego iloœci oznaczo-
no w tkankach (w¹trobie, p³ucach, tkance kostnej). Celem pracy by³a ocena zawartoœci Ni
we w³osach (n=220, 110 kobiet i 110 mê¿czyzn) oraz korelacji miêdzy jego stê¿eniem a stê-
¿eniem innych pierwiastków: wapniem (Ca), magnezem (Mg), cynkiem (Zn), ¿elazem (Fe),
o³owiem (Pb) i kadmem (Cd). W³osy umyte w acetonie i wodzie mineralizowano na mokro
w mieszaninie kwasów HNO3 i HClO4. Zawartoœæ pierwiastków oznaczano metod¹ spek-
trometrii absorpcji atomowej (AAS). Stê¿enie Ca, Mg, Zn, Cu i Fe wykonano technik¹ p³o-
mieniow¹ (FAAS), natomiast Pb, Cd i Ni technik¹ bezp³omieniow¹ w piecu grafitowym
(GFAAS). Otrzymane dane poddano analizie statystycznej. Zawartoœæ pierwiastków podano
w zale¿noœci od p³ci i wieku. Œrednia zawartoœæ Ni w badanych próbkach w³osów wynosi³a
0,24 µg g-1 (mediana 0,17 µg g-1, rozrzut 0,01-1,77 µg g-1), nieco wiecej tego pierwiastka
stwierdzono we w³osach kobiet (0,25 µg g-1) ni¿ u mê¿czyzn (0,22 µg g-1) i statystycznie
wiêcej we w³osach mê¿czyzn powy¿ej 20 lat w porównaniu z grup¹ wiekow¹ poni¿ej 20.
roku ¿ycia (p<0,05). Istotne statystycznie dodatnie korelacje (z wyj¹tkiem Zn) wyznaczono
miêdzy zawartoœci¹ Ni oraz Cd, Pb i Cu. W³osy s¹ tkank¹ dostêpn¹ w sposób ³atwy i niein-
wazyjny, a ze wzglêdu na znacznie wy¿sz¹ zawartoœæ Ni w porównaniu z p³ynami ustrojo-
wymi stanowi¹ dobry materia³ badañ, co umo¿liwia zmniejszenie b³êdów pomiarowych pod-
czas analizy.

S³owa kluczowe: nikiel, biopierwiastki, metale toksyczne, w³osy, spektrometria absorpcji
atomowej (AAS).

INTRODUCTION

Participation of nickel (Ni) in biochemical processes in the human
organism remains the subject of research works. Nickel is absorbed by
lungs, skin and the alimentary tract (with water and food). Fish, vegetables,
corn, cacao and tea leaves contain high amounts of nickel (CHRISTENSEN 1995,
BIEGO et al. 1998, KASPRZAK et al. 2003). In food, nickel may occur as a con-
taminant or can be added during technological processes. The daily dietary
intake of Ni ranges between 170 and 400 µg, although it may be up to
nearly 1 mg. Drugs containing Ni are an additional source of this element.
The WHO (World Health Organization) recommends 100-300 µg Ni for daily
intake (CORNELIS et al. 1995, IYENGAR 1998, KASPRZAK et al. 2003). Gastrointes-
tinal absorption of Ni does not exceed 5% ( an average 1-2%). About 80% of
Ni is excreted mainly through the alimentary tract and kidneys (10 µg dai-
ly). Women retain 14% of consumed Ni, and men – 26%. High amounts of
Ni have been found in the skeleton, lungs, skin, muscles, liver, and brain
(an average 7,3 µg kg-1 body weight). The mean Ni concentration is the
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following: < 1-2 µg L-1 in serum, 1-5 µg L-1 in blood, and 17 ± 2 µg kg-1 in
human milk (IYENGAR 1998, DENKHAUS, SALNIKOW 2002). In blood Ni is bound
primarily to albumin, histidine and á-macroglobulin. It can also cross the
placenta-blood barrier. Therefore, Ni concentrations in an adults and in
a human fetus were found to be similar (CHRISTENSEN 1995). An amount of Ni
absorbed via inhalation depends on particle size and solubility of its com-
pounds. It passes through blood to be deposited in the pulmonary tract or
eliminated. Citizens may inhale 0.2-1.0 µg of Ni per day. Cigarette smoking
may contribute about 4 µg Ni/pack. The primary source of Ni compounds
emission is industry related to fly-ash from burning fossil fuels, power plants,
and road transport. Occupational exposure occurs e.g. in mining, welding,
refining, alloy production, and electroplating. Soluble Ni compounds produced
due to Ni-alloys corrosion may be the cause of contact dermatitis and local
or systemic allergic reactions (CHRISTENSEN 1995, CORNELIS et al. 1995, KASPRZAK

et al. 2003). Until present, no enzymes or cofactors containing Ni have been
found in higher organisms. Such enzymes, however, have been identified in
plant and bacterial cells (e.g. Helicobacter pylori) including urease, hydroge-
nase, CO-dehydrogenase, cis-trans isomerase, and Ni-superoxide dismutase.
Thus, Ni may be indirectly required for normal functions of the digestive
system. Animal experiments with Ni-deficient diet have demonstrated that
Ni deficiency may be manifested as increased perinatal mortality, decreased
growth and impaired iron (Fe) absorption from the intestine (anemia symp-
toms). Decreased activity of enzymes taking part in metabolism of carbohy-
drates, aminoacids and lipids (e.g. phospholipid synthesis) was also observed
(DENKHAUS, SALNIKOW 2002). In humans, Ni toxicity may be a result of inter-
actions of nickel with other elements, e.g. calcium (Ca), magnesium (Mg),
zinc (Zn), manganese (Mn) and iron (Fe). Ni forms stronger bonds with lig-
ands than bioelements i.e. Ca and Mg. Therefore, it can replace them in
biologically active compounds (DENKHAUS, SALNIKOW 2002, KASPRZAK et al. 2003,
SIDHU et al. 2004). In animals which were given NiSO2 in drinking water
the concentration of Zn, Cu, and selenium (Se) in liver significantly de-
creased, but concentration of Ni and Fe significantly increased. Zinc (as
ZnSO4) supplementation to these animals brought back the concentrations
of elements to normal values. The authors suggest that Ni may promote
excretion of elements from tissues. Increase in Fe concentration may be an
implication of using the same absorption and transport mechanisms by both
elements (Ni and Fe) (SIDHU et al. 2004). However, in animals which were
given Fe-deficient diet, significantly increase in Ni concentration in serum,
kidneys, skin, liver, lungs and testes was reported (TALLKVIST, TJÄLVE 1997).
Increased Ni level was also noted in blood of patients with renal failure,
rheumatoid arthritis, after acute myocardial infraction, in blood of patients
taking some drugs and persons drinking wine or beer. The participation of
Ni in allergic skin reactions is well documented now and it affects about
10% women and fewer men. This element is present in coins, jewellery,
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prosthesis and utensils. In 1990 IRAC (the International Agency for Research
of Cancer) has concluded that Ni and its compounds are carcinogenic to
humans. High amounts of Ni were found in the serum of patients with
some types of cancer (e.g. lung and larynx), in the lung tissue of refinery
workers and welders (even some hundred fold higher compared to the con-
trol group) and in breast cancer tissue (CHRISTENSEN 1995, CORNELIS et al.
1995, DENKHAUS, SALNIKOW 2002, KASPRZAK et al. 2003).

The Ni concentration in physiological fluids is low and may fluctuate
during a 24-hour period. Therefore, we aimed to estimate the concentration
of Ni in human hair depending on gender and age, and also the correlation
between Ni and chosen elements (Ca, Mg, Zn, Cu, Fe, Pb, and Cd).

MATERIALS AND METHODS

Hair samples were taken from 220 persons (110 women and 110 men).
They were cut at 6 different points of head (3-4 cm counting from the scalp)
in amounts of about 0.5 g. The hair washed with redistilled water and ace-
tone was mineralized in mixture of acids: HNO3 and HClO4. After minerali-
zation, any excess of acids was removed, while the post-mineralization mix-
ture was quantitatively transferred to volumetric flasks, which were filled
up with deionized water (0.06 mS cm-1).

Measurements were performed by the atomic absorption spectrometry
method using an atomic absorption spectrometer AAS AVANTA Σ (GBC)
equipped with an air-acetylene burner, graphite furnace GF3000 system with
Ultra-Pulse background correction and autosampler PAL3000.

Concentrations of Ca, Mg, Zn, Cu, and Fe were determined by the flame
technique FAAS under standard conditions, but concentrations of Pb, Cd, an
Ni were measured by the flameless technique (GFAAS). The analyses were
made in argon atmosphere as purging gas, in pyrolitic graphite tubes. The
sample volume injected to the furnace was 20 µL. The peak area mode was
used in calculations.

The instrumental parameters and analytical characterization of the
methods are listed in Table 1. Table 2 presents results of the reference
material analysis NCS 81002 (human hair). The data were verified by the
standard addition method and analysis of the reference material.

Our results were expressed in terms of means and medians. The follow-
ing methods were applied in statistical analyses: Shapiro-Wilks test of nor-
mality, Fisher test, t-Student test, Cochran-Cox, Kolmogorov-Smirnov test
(for non-parametric distributions), Pearson test (for correlations). The level
of statistical significance was assumed with p<0.05.
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RESULTS AND DISSUSION

The content of Ni and the other examined elements in women’s and
men’s hair is presented in Table 3. Concentrations of these elements in
female hair depending on age (below and above the age of 20 years) are
listed in Table 4, and in male hair – in Table 5. The mean Ni concentration
in hair of 220 volunteers was 0.24 ± 0.24 µg g-1, (median 0.17 µg g-1, range
0.01-1.77 µg g-1, percentiles (5%-95%) 0.04-0.74 µg g-1). In women’s hair
slightly higher concentration of Ni was found than in men’s (Table 3). In
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women aged < 20 years the hair Ni concentration was higher than in older
women (Table 4). In contrast, in hair adult men the Ni concentration was
significantly higher in comparison with adolescent men (p<0.05) – Table 5.
Due to a considerable variability range of the results, it seems reasonable
to take medians as the best measure of the general tendency. Table 6 con-
tains the Ni concentrations in human hair measured by other authors and
proposed reference values for this element. It is concluded that Ni content
in hair depends on sex, age, environmental and occupational exposition, nu-
tritional habits, cigarette smoking and even hair colour. In the hair samples
examined in the present experiment, the Ni concentration was significantly
positively correlated with Cd, Pb, Fe and Cu concentration, but negatively
correlated with Zn content. Similar observations, except Zn, are reported by
SENOFONTE et al. (1989), NOWAK (1998), CHOJNACKA et al. (2005). Positive corre-
lations may suggest that interactions between elements are synergistic, op-
posite to the negative direction, which indicates an antagonistic relation-
ship. These interactions take place during absorption, transport, elimination,
and cumulation processes. Positive correlations between Ni, Cd, and Pb may
be a result of similar environmental exposition to heavy metals or smoking
cigarettes. However, in the case of Fe, a possible explanation could be that
Fe and Ni use the same absorption and transport processes, e.g. the diva-
lent cation transporter system DMT-1. The negative direction of correlation
between Ni and Zn concentrations confirms suggestions that Ni may both
participate in Zn metabolism and impair the immune system under condi-
tions excessive exposition to Ni.
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CONCLUSIONS

1. Concentration of Ni expressed as a mean and a median found in the
tested samples of hair is within the reference range.
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2. Age and sex influence Ni concentration in hair. The mean Ni concen-
tration in women’s hair is higher in comparison to men’s hair. Moreover, it
is significantly higher in the group of men above 20 years of age.

3. The correlations between concentrations of Ni and other examined
elements such as Ca, Mg, Zn, Cu, Fe, Pb, and Cd reflect their mutual inter-
actions in biochemical processes (absorption, transport, cumulation, elimina-
tion). Positive correlations between Ni and Fe, Pb, and Cd can be linked
with the synergistic character of these relations, but the negative correla-
tion between Ni and Zn confirms antagonistic relations of both elements.
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