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Abstract

Nickel is a metal of widespread distribution in the environment: there are almost 100 minerals of which
it is an essential constituent and which have many industrial and commercial uses. Nickel and nickel com-
pounds belong to the classic noxious agents encountered in industry but are also known to affect non-oc-
cupationally exposed individuals. The general population may be exposed to nickel in the air, water and
food. Inhalation is an important route of occupational exposure to nickel in relation to health risks. Most
nickel in the human body originates from drinking water and food; however, the gastrointestinal route is of
lesser importance, due to its limited intestinal absorption. The toxicity and carcinogenicity of some nickel
compounds (in the nasal cavity, larynx and lungs) in experimental animals, as well as in the occupationally
exposed population, are well documented.

The objective of this paper is to summarize the current overview of the occurrence and sources of nickel
in the environment, and the effect of this metal and its compounds on living organisms. As this topic is very
broad, this review is briefly concerned with the toxicokinetics of nickel, its health effects and biological
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Introduction

Nickel is a nutritionally essential trace metal for at
least several animal species, micro-organisms and plants,
and therefore either deficiency or toxicity symptoms can
occur when, respectively, too little or too much Ni is taken
up. Although a number of cellular effects of nickel have
been documented, a deficiency state in humans has not
been described [1-6]. Nickel and nickel compounds have
many industrial and commercial uses, and the progress
of industrialization has led to increased emission of pol-
lutants into ecosystems. Although Ni is omnipresent and
is vital for the function of many organisms, concentra-
tions in some areas from both anthropogenic release and
naturally varying levels may be toxic to living organisms
[6-8].

Inhalation exposure in occupational settings is a prima-
ry route for nickel-induced toxicity, and may cause toxic
effects in the respiratory tract and immune system [9]. The
exposure of the general population to nickel mainly con-
cerned oral intake, primarily through water and food, as a
contaminant in drinking water or as both a constituent and
contaminant of food [7, 10]. It is also known to affect non-
occupationally exposed individuals, especially those han-
dling stainless steel and nickel-plated articles of everyday
use, because nickel is a common sensitizing agent with a
high prevalence of allergic contact dermatitis [1, 11, 12].

This paper presents a current overview of the occur-
rence and sources of nickel in different parts of the envi-
ronment (air, water, soil, food) with particular emphasis
on Polish measurements, as well as the effect of nickel on
living organisms.
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Occurrence and Sources

Nickel (Ni) is the 24" most abundant element in the
Earth’s crust, comprising about 3% of the composition of
the earth. It is the 5™ most abundant element by weight
after iron, oxygen, magnesium and silicon. It is a mem-
ber of the transition series and belongs to group VIII B
of the periodic table along with iron, cobalt, palladium,
platinum and five other elements. Nickel is a naturally oc-
curring element that can exist in various mineral forms.
As a member of the transition metal series, it is resistant
to corrosion by air, water and alkali, but dissolves readily
in dilute oxidizing acids. Natural nickel is a mixture of
five stable isotopes; nineteen other unstable isotopes are
known. Although it can exist in several different oxidation
states, the prevalent oxidation state under environmental
conditions is Ni(I), nickel in the +2 valence state. Other
valences (-1, +1, +3, and +4) are also encountered, though
less frequently [9, 10, 13].

Nickel and nickel compounds have many industrial
and commercial uses. Most nickel is used for the produc-
tion of stainless steel and other nickel alloys with high
corrosion and temperature resistance. Nickel metal and
its alloys are used widely in the metallurgical, chemical
and food processing industries, especially as catalysts and
pigments. The nickel salts of greatest commercial impor-
tance are nickel chloride, sulphate, nitrate, carbonate, hy-
droxide, acetate and oxide [14, 15].

Nickel is one of many trace metals widely distributed in
the environment, being released from both natural sources
and anthropogenic activity, with input from both station-
ary and mobile sources. It is present in the air, water, soil
and biological material. Natural sources of atmospheric
nickel levels include wind-blown dust, derived from the
weathering of rocks and soils, volcanic emissions, forest
fires and vegetation. Nickel finds its way into the ambi-
ent air as a result of the combustion of coal, diesel oil and
fuel oil, the incineration of waste and sewage, and mis-
cellaneous sources [10, 14-18]. Environmental sources of
lower levels of nickel include tobacco, dental or orthopae-
dic implants, stainless steel kitchen utensils and inexpen-
sive jewellery [4]. Tobacco smoking is another, not neg-
ligible, source of non-occupational exposures to nickel. It
has been estimated that each cigarette contains nickel in
a quantity of 1.1 to 3.1 pg and that about 10-20% of the
nickel inhaled is present in the gaseous phase. According
to some authors, nickel in tobacco smoke may be present
in the form of nickel carbonyl, a form which is extremely
hazardous to human health. Pipe tobacco, cigarettes and
other types of tobacco products do not greatly differ one
from another in the content of nickel [1, 16].

Air

Nickel concentrations in ambient air vary consider-
ably and the highest values have been reported from high-
ly industrialized areas. Typical average levels of airborne

nickel are: 0.00001-0.003 pug/m?® in remote areas; 0.003-
0.03 pg/m? in urban areas having no metallurgical indus-
try; 0.07-0.77 ug/m? in nickel processing areas. In Poland
the recommended nickel concentration in the atmospheric
air is set as 0.025 pg/m’ [1, 18, 19].

Occupational exposure to nickel compounds is depen-
dent upon industrial processing and is usually substantially
higher than work-unrelated nickel exposure. The form of
nickel to which workers are exposed differs in the various
industries in which nickel is used and occurs through inha-
lation or dermal contact (inhalation is the primary route of
exposure), with ingestion taking place where there are poor
industrial hygiene practices [10, 20]. It usually involves the
inhalation of one of the following substances: dust of rela-
tively insoluble nickel compounds, aerosols derived from
nickel solutions (soluble nickel) and gaseous forms con-
taining nickel (usually nickel carbonyl) [16]. Many mea-
surements conducted at various workplaces at risk (cast-
ing, welding, battery manufacture etc.) have revealed that
the occupational concentrations may vary in a wide range
from micrograms to milligrams of nickel per m? of air [1].
In nickel-producing or nickel-using industries, about 0.2%
of the work force may be exposed to considerable amounts
of airborne nickel, which may lead to the retention of 100
pg of nickel per day [1, 10, 14, 16, 20].

Water

Drinking water generally contains nickel at concentra-
tions less than 10 pug/l. Assuming a daily intake of 1.5 1 of
water and a level of 5-10 pgNi/l, the mean daily intake of
nickel from water for adults would be between 7.5 and
15.0 pg. Tests conducted in the USA have revealed that
97% of the 2053 drinking water samples tested had nickel
concentrations below 20 pg/l and 80% of the samples had
less than 10 pg/l. In exceptional cases, values up to 75
ng/l are found and those as high as 200 pg/l were record-
ed only in the nickel ore mining areas. The incidence of
health impairments due to higher nickel intakes in drink-
ing water is extremely infrequent [16, 21].

The mean Ni content in 80 samples of drinking wa-
ter in Poland collected from an area affected by industrial
emissions (Stalowa Wola area) was 17 pg/l and in most of
the analyzed water samples did not exceed the allowable
concentration of 20 pg/l [22, 23].

The concentration of Ni in cold and hot water depends
on the quality of the pipes. In the case of metal pipes,
the level of Ni in hot water is lower than in cold water.
However, when PVC pipes are used the concentrations
are opposite [24].

Soft drinking water and acidic beverages may dissolve
nickel from pipes and containers. Leaching or corrosion
processes may contribute significantly to oral nickel in-
take, occasionally up to 1 mg/day. Nickel concentration
in screened households’ drinking water decreased signifi-
cantly after 10 min. of flushing in the morning from aver-
age 10.79 pg/l to 7.23 pg/l, respectively [14, 25].
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The major sources of trace metal pollution in aquatic
ecosystems, including the ocean, are domestic wastewater
effluents (especially As, Cr, Cu, Mn and Ni) and non-fer-
rous metal smelters (Cd, Ni, Pb and Se). Nickel is easily
accumulated in the biota, particularly in the phytoplank-
ton or other aquatic plants, which are sensitive bioindica-
tors of water pollution. It can be deposited in the sediment
by such processes as precipitation, complexation and ad-
sorption on clay particles and via uptake by biota [16, 26,
27].

In lakes, the ionic form and the association with or-
ganic matter are predominant. On the basis of complex
investigations on lakes (more than 100 km distant from
the nearest source of pollution — enterprises of the copper-
nickel industry), it was discovered that there is intensive
precipitation of heavy metals and acid oxides within the
catchment area of Lake Kochejavr. Levels of precipitation
of Ni of 0.9 mg/m?/year over long periods were found to
be dangerous for biological systems of fresh water catch-
ments [28].

In rivers, nickel is transported mainly as a precipitated
coating on particles and in association with organic mat-
ter. The concentrations of nickel in the biggest and only
navigable river in the South of Iran (River Karoon) were
from 69.3 to 110.7 pg/l in winter, and from 41.0 to 60.7
ug/l in spring, respectively. The results show that the pol-
lution has increased along the river, down to the estuary
at Persian Gulf [8]. Part of the nickel is transported via
rivers and streams into the ocean. In Poland, nickel is gen-
erally transported via rivers into the Baltic Sea and in this
way the average value of anthropogenic Ni input is 57%.
Generally, in sea water nickel is present at concentrations
of 0.1- 0.5 ug/l [1, 16, 17, 29].

Soil

Nickel is generally distributed uniformly through the
soil profile but typically accumulates at the surface from
deposition by industrial and agricultural activities. Nickel
may present a major problem in land near towns, in indus-
trial areas, or even in agricultural land receiving wastes
such as sewage sludge. Its content in soil varies in a wide
range from 3 to 1000 mg/kg [1, 6, 17]. Nickel can exist
in soils in several forms: inorganic crystalline minerals
or precipitates, complexed or adsorbed on organic cation
surfaces or on inorganic cation exchange surfaces, water-
soluble, free-ion or chelated metal complexes in soil solu-
tion [6, 16, 21].

This metal apparently does not seem to be a major con-
cern outside urban areas at this time but may eventually
become a problem as a result of decreased soil pH caused
by reduced use of soil liming in agriculture and mobiliza-
tion as a consequence of increased acid rain [1, 6]. Mielke
et al. [30] investigated the effect of anthropogenic met-
als on the geochemical quality of urban soils. The median
nickel content was 3.9 pg/g for fresh alluvium samples
and 9.8 pg/g for urban alluvial soils (New Orleans and

stratified by census tracts). Overall, significantly higher
metal values occur in the inner city and lower values oc-
cur in outlying areas.

In Poland, the level of nickel in 60 samples of the soil
collected from the Stalowa Wola area, which is affected
by industrial emissions, was higher (average 17.20 mg/kg)
than that in the reference samples (average 9.72 mg/kg).
All the values, however, were below the highest allowable
concentration [31]. Similarly, nickel content in soils in al-
lotment gardens in post-flooded industrialized areas of the
Dolnoslaski Region during 2000-01 also did not exceed
the highest allowable concentration [32, 33]. According to
the current Polish regulation the allowable limit for nickel
in the soil depends on many factors, and for not industrial-
ized areas is set as 50 mg/kg d.w. [27, 34].

Food

Nickel is considered to be a normal constituent of
the diet and its compounds are generally recognized as
safe when used as a direct ingredient in human food [35].
Little is known about the actual chemical forms of nickel
in various foods or whether dietary nickel has distinct “or-
ganic” forms with enhanced bioavailability analogous to
those of iron and chromium. Nickel levels in foodstuffs
generally range from less than 0.1 mg/kg to 0.5 mg/kg. A
few foods may have obtained nickel during the manufac-
turing process but in most it apparently occurred naturally
[16, 36].

Food processing methods apparently add to the nick-
el levels already present in foodstuffs via: 1. leaching
from nickel-containing alloys in food processing equip-
ment made from stainless steel; 2. the milling of flour; 3.
catalytic hydrogenation of fats and oils by use of nickel
catalysts [15, 17]. Rich food sources of nickel include oat-
meal, dried beans and peas, nuts, dark chocolate and soya
products, and consumption of these products in larger
amounts may increase the nickel intake to 900 pg/person/
day or more [37].

A requirement for nickel has not been conclusively
demonstrated in humans. Scattered studies indicate a
highly variable dietary intake of nickel but typical daily
intake of this metal from food ranges from 100-300 pg/
day in most countries. In France, the estimated weekly
intake for the general population of nickel from wine con-
sumption was, on the basis of 66 l/year/resident, 30.6 ng/
week (4.37 pg/day) [10, 14, 38].

Many measurements of nickel levels in several food
products were performed in Poland. In 1990, a survey
was conducted on twenty-seven whole-day alimentary
rations at canteens in Lublin and Warsaw, as well as the
food rations of manual workers’ families in several Pol-
ish towns. It was observed that daily nickel intake values,
according to the current dietary recommendations, may
be considered as safe (187-302 pg/day for the canteen ra-
tions and 183-341 pg/day for the family rations) [39]. Ac-
cording to Leszczynska and Gambus [40], in 1996-1998
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the dietary intake of nickel by Polish adult inhabitants of
selected farms situated within an industrialized area was
132 pg/day.

Nickel levels in some vegetables and fruits, in fruit
and vegetable juices, in wine and cocktails were within
the limits of standards [41-44]. Similarly, nickel contents
in instant coffee brands, in some natural ground coffees,
in coffee beans and coffee infusions did not exceed the
allowable concentration values stated in relevant Polish
regulations. However, a significant relationship was ob-
served between the levels of the nickel in coffee infusions
and coffee beans [45, 46]. The concentrations of nickel in
bee honey, confectionery products, dry herbs, tea leaves
and granulated tea were also below the corresponding al-
lowable values [47-50].

Toxicokinetics

Human nickel exposure originates from a variety of
sources and is highly variable. Nickel is normally present
in human tissues and, under conditions of high exposure,
these levels may increase significantly [14, 16, 20]. In the
general population, contributions to the body burden from
inhalation of nickel in the air and from drinking water are
generally less important than dietary intake and ingestion
is considered to be the most important route of exposure.
The absorption of nickel is dependent on its physicochem-
ical form, with water-soluble forms (chloride, nitrate, sul-
phate) being more readily absorbed. In animals, 1-10%
of the dietary nickel is absorbed by the gastrointestinal
tract. It is important to note that the way in which nickel
is consumed may greatly affect its bioavailability [3, 7,
17, 35].

Food intake, gastric emptying and peristalsis of the
intestine are of substantial significance for the bioavail-
ability of nickel, because absorption of ingested nickel
is lower when it is administrated in food or in water to-
gether with a meal. The presence of food in the stomach
significantly alters the bioavailability of nickel salts [3, 7,
51]. Absorption is influenced by the amount of food, the
acidity of the gut and the presence of dietary constituents,
possibly phosphate, phytate, fibres and similar metal ion
binding components, which may bind nickel and make it
much less available for absorption than nickel dissolved
in water and ingested on an empty stomach. In particu-
lar, the levels of other minerals, such as iron, magnesium,
zinc and calcium, may alter nickel absorption from the
gut. Nickel binding to food components may also be pH-
dependent and thereby depend on the time interval be-
tween food ingestion and ingestion of nickel [4, 36, 52].

In humans, the absorbed nickel average is 27 £ 17%
of the dose ingested in water and 0.7 = 0.4% of the dose
ingested in food (40-fold difference) [4, 53]. In general,
due to its slow uptake from the gastrointestinal tract, in-
gested nickel compounds are considered to be relatively
non-toxic, with the primary action being mainly irritation.
However, when taken orally in large doses (>0.5 g), some

forms of nickel may be acutely toxic to humans [9, 13,
17,21].

The metabolism of nickel involves conversion to vari-
ous chemical forms and binding to various ligands. The
organ distribution of nickel has been documented by a
number of investigators. Although differences in distribu-
tion occur as a function of route of exposure, the solubil-
ity of the nickel compounds and time after exposure, the
primary target organs for nickel-induced systemic toxicity
are the lungs and the upper respiratory tract for inhalation
exposure and the kidney for oral exposure. Other target
organs include the cardiovascular system, the immune
system and blood [4, 9, 13, 51].

Human exposure to highly nickel-polluted environ-
ments has the potential to produce a variety of pathologi-
cal effects. Among them are skin allergies, lung fibro-
sis, cancer of the respiratory tract and iatrogenic nickel
poisoning [15, 54]. A number of studies demonstrated
the hepatic toxicity associated with nickel exposure and
dose-related changes in serum enzyme activity were ob-
served following animal treatment with nickel. Nephro-
toxicity has been noted and aminoaciduria and proteinuria
were the indices of nickel toxicity. Nickel exposure has
been reported to produce haematological effects in both
animals and humans. While no reproductive effects have
been associated with nickel exposure to humans, several
studies on laboratory animals have demonstrated fetotox-
icity [13, 35, 55].

Many harmful effects of nickel are due to the inter-
ference with the metabolism of essential metals, such as
Fe(Il), Mn(1I), Ca(Il), Zn(Il), Cu(Il) or Mg(II), which
can suppress or modify the toxic and carcinogenic effects
of nickel. The toxic functions of nickel probably result
primarily from its ability to replace other metal ions in
enzymes and proteins or to bind to cellular compounds
containing O-, S-, and N-atoms, such as enzymes and
nucleic acids, which are then inhibited [6, 13]. Nickel has
been shown to be immunotoxic, altering the activity of
all specific types involved in the immunological response,
resulting in contact dermatitis or asthma [13].

Health Effects

Nickel is a ubiquitous metal frequently responsible for
allergic skin reactions and has been reported to be one
of the most common causes of allergic contact dermati-
tis, as reflected by positive dermal patch tests [11, 12, 15,
16, 35]. Gawkrodger et al. [56] suggested that the higher
number of antigens, or perhaps the larger nickel load, in
the extended metal series resulted in a larger proportion
of patients reacting. In clinical cases, allergic contact hy-
persensitivity to nickel develops much more readily in
inflamed skin than normal skin [11]. Sensitization might
occur from any of the numerous metal products in com-
mon use, such as coins, jewellery (earrings, chains, wrist-
watches, bracelets) and even mobile phones [2, 14, 16,
24, 57]. Of the general population, approximately 8-10%
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of women and 1-2% of men demonstrate a sensitivity to
nickel. In Poland, using “flake” test with nickel sulphate,
it was shown that 12.5% of the female population is al-
lergic to nickel [58, 59].

Nickel dermatitis produces erythema, eczema and li-
chenification of the hands and other areas of the skin that
contact nickel. Initial sensitisation to nickel is believed to
result from dermal contact but recurring flares of eczema,
particularly of the hands, may be triggered by ingestion.
Numerous studies have been conducted to attempt to es-
tablish the relationship between nickel exposure and der-
mal irritation. However, no change in nickel toxicokinet-
ics was found in relation to nickel allergy [51].

While nickel has long been recognized as a contact
irritant, many studies have also demonstrated dermal ef-
fects in sensitive humans resulting from ingested nickel
[35]. The existence of clinically relevant systemic reac-
tions to oral nickel exposure, in particular systemic reac-
tions to this metal in the daily diet, remains controversial.
Several studies have shown that oral exposure to nickel
may invoke an eruption or worsening of eczema in nickel-
sensitive individuals; however, a dose-response relation-
ship is difficult to establish. In most of these studies, the
exposure dose of nickel used has been considerably higher
than the nickel content in the normal daily diet [60].

Nickel hypersensitivity also causes asthma, conjuncti-
vitis, inflammatory reactions to nickel-containing prosthe-
ses and implants, and systemic reactions after parenteral
administration of nickel-contaminated fluids and medica-
tions. The sensitivity to nickel would emphasise the need
to monitor nickel content in drinking water and nickel-al-
lergic subjects should be aware of the increased absorp-
tion when drinking water on an empty stomach [51].

Epidemiological investigations and experimental stud-
ies have demonstrated that nickel metal dusts and some
nickel compounds are extremely potent carcinogens after
inhalation but also that the carcinogenic risk is limited to
conditions of occupational exposure [7, 18, 20]. Nickel
compounds have been well established as carcinogenic in
many animal species and by many modes of human ex-
posure but their underlying mechanisms are still not fully
understood [10, 16, 18, 20, 61]. The bioavailability of
nickel and the presence of constituents that promote oxy-
gen-free radical reactions evidently influence the carcino-
genicity of nickel oxides and related compounds. Not all
nickel compounds are equally carcinogenic, because their
carcinogenic potency is directly related to their ability to
enter cells. Certain water-insoluble nickel compounds ex-
hibit potent carcinogenic activity, whereas highly water-
soluble nickel compounds exhibit less potency. The rea-
son for the high carcinogenic activity of water-insoluble
nickel compounds relates to their bioavailability and the
ability of the nickel ions to enter cells quite efficiently via
phagocytic processes. Subsequent intracellular dissolu-
tion yields very high cellular levels of Ni** [62, 63]. Wa-
ter-soluble nickel salts do not readily enter cells. There-
fore, these compounds are generally not carcinogenic in
animals and, to a large extent, have not been considered

potent human carcinogens, although recent studies have
suggested an increase in cancer in nickel refinery areas
where exposure to water-soluble nickel salts occurs [7].

Differences in the carcinogenic activities of nickel
compounds may reflect variations in their capacities to
provide nickel ions (e.g. Ni**) at critical sites within target
cells. Ni** can initiate carcinogenesis, possibly by muta-
genesis, chromosome damage, formation of Z-DNA, inhi-
bition of DNA excision-repair or epigenetic mechanisms
[52]. As suggested by the growing literature on nickel car-
cinogenesis, the initial events in environmentally induced
cancers may be a combination of gene induction and gene
silencing by epigenetic DNA methylation that leads to
cancer cell selection [52, 62].

The U.S. EPA has not evaluated soluble salts of nickel
as a class of compounds for potential human carcinoge-
nicity because there are inadequate data to perform an
assessment. However, nickel refinery dust and specific
nickel compounds — nickel carbonyl and nickel subsul-
phide — have been evaluated [35]. Not only nickel com-
pounds have been shown to be responsible for a number
of human cancers in occupationally exposed workers but
also carcinogenic nickel compounds have been shown to
induce many different types of tumours in experimental
animal systems. Ni** can function as a tumour by inhibit-
ing NK cell activity [52, 62].

One possible mode by which nickel causes cell death
and/or damage may involve oxidative reactions such as
nickel-induced lipid peroxidation (LPO).

A number of recent studies have demonstrated en-
hanced lipid peroxidation in the liver, kidney, lung, bone
marrow and serum, and dose-effect relationships for lipid
peroxidation in some organs were observed [13, 55, 64-
70]. Lipid peroxidation may be a contributing factor in
Ni-induced tissue oxidative stress [64].

Probably the nickel-induced accumulation of iron
may be directly responsible for the formation of reactive
oxygen species and the subsequent enhancement of lipid
peroxidation [71]. Research studies conducted up till now
suggest that nickel-mediated enhancement of lipid per-
oxidation may be the result of depletion in the level of he-
patic glutathione peroxidase with a concomitant increase
in the level of iron, which seems to trigger peroxidative
damage by hydroxyl radicals involving Haber-Weiss and
Fenton chemistry (reactions) [64, 66, 68-70].

Biological Monitoring

Nickel is excreted in the urine and faeces, with rela-
tive amounts for each route being dependent on the route
of exposure and chemical form [9, 10]. Numerous studies
are available which suggest that occupationally exposed
workers display higher serum and urine nickel levels than
those exposed non-occupationally [1]. Urine and serum
nickel concentrations may be used as biological indica-
tors of occupational, environmental and iatrogenic expo-
sures to nickel compounds. However, they do not give a
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good picture of past exposure and they cannot be used
for risk assessment as current knowledge is not sufficient
to relate nickel concentrations in these indicator media
to specific adverse health effects [1, 15, 20, 72]. Nickel
concentrations in serum mainly reflect recent exposure
because of the short biological half-time in this compart-
ment. The nickel excretion in urine may reflect more ex-
tended exposure and is more practical than serum for the
biological monitoring of nickel-exposed workers [20, 73].
Urine nickel measurement performed in Poland indicated
that the majority of Wroctaw’s inhabitants are not more
exposed to nickel in comparison with inhabitants of the
countryside [74]. From other similar studies it is evident
that there exists elevated environmental and occupational
exposure in some regions of Poland [75].

Conclusion

Within the past few decades, interest in nickel among
scientists has increased as a result of its progressive indus-
trial and commercial significance as well as the improve-
ment of analytical methods for nickel by electrothermal
atomic absorption spectrometry. Up to the present, mea-
surements in many countries, including Poland, indicate
that the concentrations of nickel in the environment (air,
water, soil, food) do not exceed legislative limits and
should not be dangerous for the general population. How-
ever, everybody should keep in mind that, at present,
nickel, although not released extensively into the environ-
ment, may represent a hazard to human health.

References

1. BENCKO V. Nickel: A review of its occupational and envi-
ronmental toxicology. J. Hyg. Epidem. Micro. Immun. 27,
237, 1983.

2. KLAASSEN C.D. Casarett and Doull’s Toxicology. The
Basic Science of Poisons, 5" ed.; International Edition, pp
712-714, 1996.

3. BARCELOUX D.G. Nickel. Clin. Toxicol. 37, 239, 1999.

4. COLLOIDAL MINERALS. Nickel. 1992. Web site: http://
www.eagle-min.com/fag/faq 101.htm (accessed 06.07.2005)

5. UTHUS E.O., POELLOT R.A. Dietary folate affects the re-
sponse of rats to nickel deprivation. Biol. Trace Elem. Res.
52,23, 1996.

6. SCOTT-FORDSMAND J.J. Toxicity of nickel to soil organ-
isms in Denmark. Rev. Environ. Contam. Toxicol. 148, 1,
1997.

7. HABER L.T., ERDREICHT L., DIAMOND G.L., MAIER
AM., RATNEY R., ZHAO Q., DOURSON M.L. Hazard
identification and dose response of inhaled nickel-soluble
salts. Regul. Toxicol. Pharmacol. 31, 210, 2000.

8. DIAGOMANOLIN V., FARHANG M., GHAZI-KHAN-
SARI M., JAFARZADEH N. Heavy metals (Ni, Cr, Cu) in
the Karoon waterway river, Iran. Toxicol. Lett. 151 (1), 63,
2004.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. YOUNG R.A. Toxicity Profiles. Toxicity summary for nick-

el and nickel compounds. 1995. Web site: http:/risk.1sd.
ornl.gov/tox/profiles/nickel (accessed 03.03.2005).

. CLAYTON G.D., CLAYTON F.E. Patty’s Industrial Hy-

giene Toxicology, 4™ ed.; A Wiley-Interscience Publication:
New York, pp 2157-2173, 1994.

. KITAURAH.,,NAKAO N., YOSHIDAN., YAMADAT. In-

duced sensitization to nickel in guinea pigs immunized with
mycobacteria by injection of purified protein derivative with
nickel. New Microbiol. 26(1), 101, 2003.

. CAVANI A. Breaking tolerance to nickel. Toxicology 209

(2), 119, 2005.

. COOGAN T.P,, LATTA D.M., SNOW E.T., COSTA M.

Toxicity and carcinogenicity of nickel compounds. Crit.
Rev. Toxicol. 19 (4), 341,1989.

. GRANDJEAN P. Human exposure to nickel. IARC Sci.

Publ. 53, 469, 1984.

. CLARKSON T.W. Biological Monitoring of Toxic Metals;

Plenum Press: New York, pp 265-282, 1988.

. ENVIRONMENTAL HEALTH CRITERIA 108. Nickel.

WHO, Genewa, 1991.

. VON BURG R. Toxicology update. J. Appl. Toxicol. 17,

425,1997.

. SPECTRUM. Chemical Fact Sheet. Nickel. 1998. Web site:

http://www.speclab.com/elements/nickel.htm
03.03.2005).

(accessed

. Environment Minister’s Directive 1/12/2003.(in Polish)

Web site:  http://bap-psp.lex.pl/serwis/du/2003/0012.htm
(accessed 12.08.2005)

CHANG L.W. Toxicology of Metals; Lewis Publishers:
New York, pp 245-246, 1996.

BENNETT B.G. Exposure of man to environmental nickel-
an exposure commitment assessment. Sci. Total. Environ.
22 (3),203, 1982.

KOCJAN R., KOT A., PTASINSKI H. Assessment of the
content of chromium, zinc, copper, nickel, cadmium, and
lead in the drinking water of the Stalowa Wola region. Bro-
mat. Chem. Toksykol. 35 (2), 133, 2002.(in Polish)

Health Minister’s Directive 203/1718/2002.(in Polish) Web
site: http://bap-psp.lex.pl/serwis/du/2002/1718.htm (accessed
11.08.2005)

RUDZKI E. Interpretation of the patch samples. Part I: Met-
als, rubber and plastic materials. Alergia 3/6, 1, 2000.(in
Polish)

AL-SALEH I., AL-DOUSH I. Survey of trace elements in
household and bottled drinking water samples collected
in Riyadh, Saudi Arabia. Sci. Total Environ. 216, 181,
1998.

NRIAGU J.0., PACYNA J.M. Quantitative assessment of
worldwide contamination of air, water and soils by trace
metals. Nature 333, 134, 1988.

BARALKIEWICZ D., SIEPAK J. Chromium, nickel and
cobalt in environmental samples and existing legal norms.
Polish J. Environ. Studies 8 (4), 201,1999.

KASHULIN N.A., RATKIN N.E., DAUVALTER V.A.,
LUKIN A.A. Impact of airborne pollution on the drainage
area of subarctic lakes and fish. Chemosphere 42 (1), 51,
2001.



Nickel: A Review of Its Sources...

381

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

SZEFER P. Trace Metals in the Environment 5. Metals,
Metalloids and Radionuclides in the Baltic Sea Ecosystem;
Elsevier: London, pp 699-703, 2002.

MIELKE H.W., GONZALES C.R., SMITH M K., MIELKE
P.W. Quantities and associations of lead, zinc, cadmium,
manganese, chromium, nickel, vanadium, and copper in
fresh Mississippi delta alluvium and New Orleans alluvial
soils. Sci. Total Environ. 246, (2-3), 249, 2000.

KOCJAN R., KOT A., PTASINSKI H. Chromium, zinc,
copper, nickel, cadmium, and lead in the soil of the Stalowa
Wola region. Bromat. Chem. Toksykol. 35 (2), 127, 2002.(in
Polish)

BOZEK U., KROLIK B. Heavy metals in soils of allotment
gardens in industrialized post-flooded areas in Opole region.
Roczn. PZH 54 (2), 137, 2003. (in Polish)

BOZEK U., KROLIK B. Heavy metals in soils of allotment
gardens in post-flooded industrialized areas of the Dolnoslaski
Region. Med. Srodow. 6 (1), 57, 2003.(in Polish)
Environment Minister’s Directive 165/1359/2002.(in Pol-
ish) Web site: http://bap-psp.lex.pl/serwis/du/2002/1359.
htm (accessed 12.08.2005)

IRIS. Nickel, soluble salts. 1996. Web site: http://www.epa.
gov/iris/subst/0271.htm (accessed 06.07.2005).
SOLOMONS N.W., VITERI F., SHULER T.R., NIELSEN
F.H. Bioavailabilty of nickel in man: effects of foods and
chemically-defined dietary constituents on the absorption of
inorganic nickel. J. Nutr. 112 (1), 39, 1982.

FLYVHOLM M.A., NIELSEN G.D., ANDERSEN A. Nick-
el content of food and estimation of dietary intake. Z. Leb-
ensm. Unters. Forsch. 179 (6), 427, 1984.

COLLERY PH., CORBELLA J., DOMINGO J.L., ETI-
ENNE J.C., UOBET J. Metal Ions in Biology and Medicine,
vol 4; John Libbey Eurotext: Paris, pp 172-174, 1996.
MARZEC Z. Evaluation of chromium, nickel and selenium
intakes with daily food rations. Bromat. Chem. Toksykol. 31
(2), 129, 1998.(in Polish)

LESZCZYNSKA T., GAMBUS F. A study on iron, zinc,
copper and nickel intake with food rations of the inhabitants
of the buffer zone around steel works in Cracow. Bromat.
Chem. Toksykol. 33 (4), 325, 2000.(in Polish)

BRZOSKA M.M., KASJANOWICZ W., GALAZYN-
SIDORCZUK M., JURCZUK M., ROGALSKA J., MONI-
USZKO-JAKONIUK J. Estimation of heavy metals content
in plants and soils from the Podlasie Province. Polish J. En-
viron. Studies 8 (2), 125, 1999.

JAGIELLO A., BOZYM M., WACLAWEK W. Location of
contaminants in anatomic parts of vegetables grown in allot-
ment gardens of Nysa. Part II: Heavy metals and L-ascorbic
acid. Bromat. Chem. Toksykol. 37 (4), 335, 2004.(in Pol-
ish)

KOT A., WYSZOGRODZKA-KOMA L., ZAREBA S.
Studies on some mineral elements in polish food products.
Part XXIII: Lead, cadmium, zinc, manganese, copper, nickel
and iron content of fruit and vegetable juice. Bromat. Chem.
Toksykol. 34 (1), 35, 2001.(in Polish)

BULINSKI R., WYSZOGRODZKA-KOMA L., MARZEC
Z. Determination of metal levels in cocktails, grape and fruit
wine. Bromat. Chem.Toksykol. 28 (3), 253, 1995.(in Polish)

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

BULINSKI R., BLONIARZ J. Studies on some trace ele-
ment content (lead, chromium, zinc, manganese, copper,
nickel and iron) of instant coffee. Bromat. Chem. Toksykol.
31 (3), 219, 1998.(in Polish)

BLONIARZ J., ZAREBA S. Studies on some mineral el-
ements in coffee and coffee infusions. Part II: Calcium,
magnesium, nickel and chromium contents. Bromat. Chem.
Toksykol. 33 (3), 241, 2000.(in Polish)

BULINSKI R., WYSZOGRODZKA-KOMA L., MAR-
ZEC Z. Studies on some trace element content in polish-
made food products. Part XIX: Lead, cadmium, chromium,
zinc, manganese, copper, nickel and iron content in some
bee honey grades. Bromat. Chem. Toksykol. 28 (2), 151,
1995.(in Polish)

BULINSKI R., WYSZOGRODZKA-KOMA L., MARZEC
Z. Study on some mineral elements content of home food
products. Part XXIII: Lead, cadmium, nickel, zinc, manga-
nese, copper, iron and magnesium content in confectioner-
ies. Bromat. Chem. Toksykol. 30 (3), 241, 1997.(in Polish)
ZAREBA S., BLONIARZ J., RAHNAMA M. Studies on
nickel content in selected herbs, their aqueous extracts and
some herbal medicines. Bromat. Chem. Toksykol. 37 (2),
157, 2004.(in Polish)

BULINSKI R., BLONIARZ J. Studies on some trace ele-
ments in various grades of tea. Part II: Lead, cadmium and
nickel content in dry tea and tea infusions. Bromat. Chem.
Toksykol. 31 (1), 39, 1998.(in Polish)

NIELSEN G.D., SODERBERG U., JORGENSEN P.J.,,
TEMPLETON D.M., RASMUSSEN S.N., ANDERSEN
K.E., GRANDJEAN P. Absorption and retention of nickel
from drinking water in relation to food intake and nickel
sensitivity. Toxicol. Appl. Pharmacol. 154, 67, 1999.
SUNDERMAN F.W. Mechanisms of nickel carcinogenesis.
Scand. J. Work Environ. Health 15 (1), 1, 1989.
SUNDERMAN FE.W., HOPFER S.M., SWEENEY K.R.,
MARCUS A.H., MOST B.M., CREASON J. Nickel absorp-
tion and kinetics in human volunteers. Proc. Soc. Exp. Biol.
Med. 191, 5, 1989.

KASPRZAK K.S., SUNDERMAN F.W., SALNIKOW K.
Nickel carcinogenesis. Mutat. Res. 533 (1-2), 67, 2003.
DONSKOY E., DONSKOY M., FOROUHAR F., GILLIES
C.G., MARZOUK A., REID M.C., ZAHARIA O., SUN-
DERMAN F.W. Hepatic toxicity of nickel chloride in rats.
Ann. Clin. Lab. Sci. 16, 108, 1986.

GAWKRODGER D.J., LEWIS FM., SHAH M. Contact
sensitivity to nickel and other metals in jewelry reactors. J.
Am. Acad. Dermatol. 43 (1), 31, 2000.

RUDZKI E., REBANDEL P. Mobile telephone — source of
sensitization to nickel. Przegl. Derm. 88 (6), 533, 2001.(in
Polish)

KARAS Z. Skin patch test with nickel sulphate — an attempt
at wider interpretation of the results. Pol. Merkuriusz Lek.
13 (74), 143, 2002.(in Polish)

KARAS Z., BLADEK J. Nickel in the environment and
morbid symptoms. Przegl. Lek. 61 (3), 55, 2004.

JENSEN C.S., MENNET., LISBY S., KRISTIANSEN J., VEI-
EN N.K. Experimental systemic contact dermatitis from nickel:
a dose-response study. Contact Dermatitis 49 (3), 124, 2003.



382

Cempel M., Nikel G.

61.

62.

63.

64.

65.

66.

67.

SUNDERMAN F.W.Jr., HOPFER S.M., PLOWMAN M.C,,
KNIGHT J.A. Carcinogenesis bioassays of nickel oxides
and nickel-copper oxides by intramuscular administration to
Fischer-344 rats. Res. Commun. Chem. Pathol. Pharmacol.
70 (1), 103, 1990.

COSTA M., KLEIN C.B. Nickel carcinogenesis, mutation,
epigenetics, or selection. Environ. Health Perspect. 107 (9),
438, 1999.

DUNNICK J.K., ELWELL M.R., RADOVSKY A.E.,
BENSON J.M., HAHN F.F., NIKULA K.J., BARR E.B.,
HOBBS C.H. Comparative carcinogenic effects of nickel
subsulfide, nickel oxide, or nickel sulfate hexahydrate
chronic exposures in the lung. Cancer Res. 55 (22), 5251,
1995.

CHEN CH.Y., SHEU J.Y., LIN T.H. Oxidative effects of
nickel on bone marrow and blood of rats. J. Toxicol. Envi-
ron. Health A. 58 (8), 475, 1999.

SUNDERMAN F.WJr., MARZOUK A., HOPFER S.M.,
ZAHARIA O., REID M.C. Increased lipid peroxidation in
tissues of nickel chloride-treated rats. Ann. Clin. Lab. Sci.
15 (3), 229, 1985.

CHAKRABARTI S.K., BAI C. Role of oxidative stress in
nickel chloride-induced cell injury in rat renal cortical slic-
es. Biochem. Pharmacol. 58, 1501, 1999.

JANICKA K., CEMPEL M. Lipid peroxidation and select-
ed antioxidants in rat liver after oral exposure to nickel(Il)
chloride. Bromat. Chem. Toksykol. 34 (4), 291, 2001.(in
Polish)

68.

69.

70.

71.

72.

73.

74.

75.

CHEN CH.Y., HUANG Y.L., LIN T.H. Lipid peroxidation
in liver of mice administrated with nickel chloride: with spe-
cial reference to trace elements and antioxidants. Biol. Trace
Elem. Res. 61 (2), 193, 1998.

MISRA M., RODRIGUEZ R.E., KASPRZAK K.S. Nickel in-
duced lipid peroxidation in the rat: correlation with nickel effect
on antioxidant defense systems. Toxicology 64 (1), 1, 1990.
ATHAR M., HASAN S.K., SRIVASTAVA R.C. Evidence for the
involvement of hydroxyl radicals in nickel mediated enhance-
ment of lipid peroxidation: implications for nickel carcinogen-
esis. Biochem. Biophys. Res. Commun. 147 (3), 1276, 1987.
STOHS S.J., BAGCHI D. Oxidative mechanisms in the toxic-
ity of metal ions. Free Radic. Biol. Med. 18 (2), 321, 1995.
ROZANSKA R., BARANOWSKA-DUTKIEWICZ B.,
DUTKIEWICZ T. A mathematical model for the estimation
of nickel internal dose in populations under occupational
and environmental exposure. Int. J. Occup. Med. Environ.
Health 9 (1), 37, 1996.

SUNDERMAN F.W.Jr. Biological monitoring of nickel in
humans. Scand. J. Work Environ. Heath 19 (1), 34, 1993.
LEMBAS-BOGACZYK J., MARCHEWKA Z., DLUGOSZ
A. Environmental exposure of the Wroctaw inhabitants on
nickel and an assessment of its nephrotoxic effects. Przegl.
Lek. 58 (7), 44, 2001.(in Polish)
BARANOWSKA-DUTKIEWICZ B., ROZANSKA R.,
DUTKIEWICZ T. Occupational and environmental ex-
posure to nickel in Poland. Pol. J. Occup. Med. Environ.
Health 5 (4), 335, 1992.





