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Abstract: Regardless the form, nickel is an element commonly used. Its
numerous advantages make it irreplaceable in many industries. The
widespread use of this element in different branches leads to increasing
nickel penetration to the environment and its pollution. Furthermore, the
contamination of environment results in affecting the living organisms,
including both plants that are directly exposed to Ni in soil, water or air,
and humans whose exposition to Ni is direct (e.g. contaminated air) and/or
indirect (e.g. food with high amount of Ni). Therefore, the exposition of
living organisms to Ni may constitute a threat. This paper constitutes the
short review of nickel as an environmental contaminant with characterization
of its main sources in the environment. The nickel nanoparticles have been
also studied. The influence of Ni and its nanoparticles on living organisms
with emphasizing its allergenicity of human has been described.

Keywords:. nickel, nanoparticles of nickel, ecotoxicity, use of nickel, food
allergy for nickel, allergenicity.

Introduction

Nickel is a trace element, that is important for proper functioning of
organisms, mostly plants. It influence on the enzymes activity. The excess of
nickel is very dangerous, it can even lead to cell death. Due to its characteristics
and chemical properties, this element is widely used in different industrial
branches.

Nowadays, nickel is often used in the form of nanoparticles. In this form, the
properties of nickel are similar to the bulk element but nickel nanoparticles are
more wide activities in relation to their volume. Unfortunately, their impact on
the environment and living organisms is not known.

Properties of nickel and its uses

Nickel, as a silvery, glistening metal, is hardly corrosive and resistant to
abrasion. Nickel is also resistant to weathering, seawater, mineral and organic
acids. The most important nickel minerals are: millerite, nickeline, chloanthite,
pyrite, iron- nickel and garnierite [1, 2]. Nickel has a catalytic capability and
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often creates complex compounds with other elements. Its compounds have
generally intensive color [3].

Nickel is used for the production of nickel cast iron (coins, tools and electrical
equipment), stainless steel and dentures. Moreover, this metal is used as
a component of both the nickel-cadmium alkaline batteries and the household
equipment. Its usage has also been known in jewelry, but due to high allergic
properties its application in this branch has been limited. Nowadays, nickel is
used in surgical steel, sterling silver and solders [1, 4-6].

The dominant forms of nickel that are in common use in food processing
industries, metallurgy and dyeing are nickel alloys [7]. The group of nickel alloys
includes monel, invar, kovar and permalloy. Monel is a flexible nickel alloy,
enriched by cooper, iron and manganese. It shows high mechanic strength and
resistance to corrosion. Monel is used for production of tanks, elements of
chemical equipment as well as for the springs and surgical tools. The other
mentioned nickel alloy is invar, which mainly consists of nickel and iron.
Sometimes its chemical composition includes chromium and manganese. Invar is
often used in the manufacture of precision mechanisms (clocks, valves, motors),
and in bimetal thermometers. Kovar, as another nickel alloy, consists of nickel
and cobalt. It is often used in hermetic seals, diodes, ceramic materials and in
vacuum tubes, microwaves tubes. Permalloy is nickel alloy with the addition of
iron. Its unusual properties are connected with its high permeability. The use of
this alloy is found in devices operating at constant field, mainly in radio
engineering and telecommunications [5, 8].

Nickel is often used for surface coating to protect the objects against
corrosion. The nickel-plating can be carried out in two ways: nickel elektroplating
(using electricity) and chemical nickel plating (phosphorus additive, without
electricity). Chemical nickel-plating bath is based on objects in the salts and other
solutions. Its advantage is the good plasticity and adhesion to the device, a uniform
distribution over the entire surface of the items. Nickel-plating has three purposes:
safety, aesthetic and preparing for subsequent processes [9].

Nowadays, nickel is also used in the form of- nanoparticles. Nanoparticles are
small particles (below 100 nm) having a large surface to volume ratio. They are
characterized by high chemical reactivity, dislocation of atoms and propensity to
aggregate. Nanoparticles are quickly transported by the environment through and
as a small compounds, contact easily with living organisms [10]. Nickel
nanoparticles are currently used in processes of removal of toxic molecules and
remediation [11]. They are also widely used as a components of batteries, diesel
fuels and magnetic sensors. Their increasing application in different industrial
branches lead to their spreading into environment where they may be a potential
threat to the living organisms including humans [12].

Nickel in the environment

Nickel is one of many trace elements widely distributed in the environment,
being released from both natural sources and anthropogenic activity, with input
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from both stationary and mobile sources [13]. It is present in the air, water, soil
and biological materials [13]. Natural sources of nickel include weathering of
soils and rocks, forest fires and volcanic eruptions. Otherwise, nickel gets to
environment through anthropogenic activity. Nickel enters environment as a
result of the pouring out of sewage, combustion of coal and fuel oils. In addition,
the other anthropogenic sources include the discharges of industrial wastewater,
precipitation with high concentrations of heavy metals and surface run off from
areas with heavy traffic [13].

Nickel concentrations in ambient air vary considerably and the highest values
have been reported from highly industrialized areas [13]. In aquatic ecosystems
natural concentrations of nickel are low, however, the constant inflow of
pollutants, like domestic wastewater effluents and non-ferrous metal smelters,
increase its concentrations in lakes, rivers and oceans [13]. In soil nickel is
generally distributed uniformly through the soil profile but typically accumulates
at the surface from deposition by industrial and agricultural activities [13].

Increasing use of nickel in the form of nanoparticles becomes an
environmental problem. The scale of production of nanoparticles entails their
unavoidable influx to various elements of environment, including soils [14].

Regardless of the form of nickel, this element is easily accumulated in the
biota, especially in the ecosystems which are highly contaminated. Although this
element is an essential micronutrient for plant growth and development, its high
concentrations becames toxic [2, 3, 13, 15].

Effect of nickel on living organisms

Microorganisms

Prokaryotes have a lot of systems to maintain homeostasis, use and storage of
nickel and regulate the gene expression. The mechanisms by which
microorganisms cope with nickel are: binding intra- and extracellular transport
outside of the cell, reducing the permeability of the cell covers, enzymatic
detoxification or decrease the sensitivity of cells to heavy metals [16]. Nickel
allows bacteria to adapt and defend against pathogens. However, in high
concentrations it is toxic. Nickel causes malfunction due to non-specific protein
binding with this element, therefore bacteria have to work out some solutions to
cope with excess of nickel in environment. For example studies on response of
Saccharomyces cerevisiae on increasing concentrations of nickel have shown
that in such conditions the yeast's proteins are enable to maintain homeostasis
and transport of metal ions to their cells. On the other hand, some gram-negative
bacteria, e.g., H. pylori have developed the transport proteins in the outer
membrane that are responsible for active transport of nickel [17, 18].

The tests described by Boros, Wyszkowska and Kucharski (2007) revealed
that the most sensitive to the concentration of nickel are bacteries, the fungi are
the most resistant. Both nickel chloride and the nickel sulphate had a negative
impact on the growth of all tested microorganisms (eg Azotobacter ssp.,
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Rhizobium leguminosarum bv. Streptomyces intermedius, Streptomyces fumosus,
viciae, Penicillium spp.). However, bacteria reacted strongly to nickel chloride,
nickel sulfate on actinomycetes, and fungi growth depend on the concentration of
the compound and not on nickel sources [19].

Plants

Nickel is an important element in the functioning of many enzymes of plants.
Its main role is related with functioning of enzymes like ureases, acetylo — S —
CoA synthase, glyoxalase I and hydrogenases. Loss of certain plants, like beans,
access to nickel can even lead to their death. Nickel affects the process of
biological degradation of the molecular nitrogen from the air and contributes
to its dislocation to the aerial parts of plants [3, 20, 21, 22]. Nickel is critical to
some plants, and its salts have a beneficial effect on their development. This
mineral is easily absorbed by plants, characterized by a long migration in the
tissue. Download the intensity of nickel by the plants depends on the type and
degree of contamination of soils. Plants growing on soils contaminated with
nickel usually absorb larger quantity, until it reaches toxic. The most common
results of nickel excess are inhibition of seed germination, growth reduction,
chlorosis, metabolic disorders and affecting the reduction of transpiration and
photosynthesis [2].

High concentration of heavy metals, including nickel in plant tissues can be
used to protect tissues. Plants defend themselves in this way from both pathogens
and herbivores. In wheat nickel salts prevent fungal infections of leaves and
stems. Also for plant of the genus Alyssum higher nickel concentration is
fungicidal. Accumulation of nickel in the tissues is protected from snails.
However, the stress caused by an excess of nickel can cause a shortage of micro-
and macronutrients. A higher concentration of nickel reduces the amount of
calcium, manganese and iron. Furthermore, Ni is a potential inhibitor of growth
of meristematic cells of Allium cepa root. Plant exposition to high concentration
of Ni results in both reduced quantum yield of primary photochemistry and
reduced chlorophyll contents. Metals accumulation mechanism is not fully
understood. This process involves several transport proteins and the membrane
that is involved in collecting ingredients from the soil, vacuoles, and many
others. The highest concentration of nickel is usually observed in the
underground plant tissues [23].

Toxic effect of the high concentration of nickel on plant tissues was described
in many articles. For example Snigh and Prasad (2015), as well as Molas (2002)
tested the effect of Ni on Brasica oleracea Raphanus sativus or Zea mays.
According to mentioned authors, tests on Brasica oleracea showed a decrease in
growth and quality of the biomass in a high concentration of nickel. Moreover,
studies on Raphanus sativus response on increasing concentrations of nickel
resulted in deterioration of the functioning of the metabolism of plant tissues, and
exhibited the ability to accumulate Ni in cells [29, 30]. High concentrations of Ni
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decreased the enzyme activity in the roots of cereal (Alyssum bertolonii,
Nicotana tabacum) [26, 27].

The impact of nickel nanoparticles on the plant is two-fold and it depends on
the nickel concentrations. Literature data points out that high concentrations of
nickel nanoparticles are potentially as harmful as nickel compounds and have
similar effects on plants [28]. The positive effect of nickel nanoparticles is
connected with its protection role against herbivores and disease. In addition, low
concentrations of nanoparticles stimulate the ability of plants to cope with
stressful environmental conditions. The mechanism of action of nickel
nanoparticles remains unknown [28]. The high concentrations of nickel
nanoparticles in the environment show negative influence of these compounds on
the plants. Nickel nanoparticles, similarly to nickel molecules, cause the
formation of reactive oxygen (ROS), which leads to damage to the structure of
DNA and proteins. They stimulate the formation of free radicals, which in turn
affects the function of plant enzymes and biochemical processes related
to functioning of plant cells [10].

Animals

Due to lack of detail information about specific influence of Ni on human,
some tests have been provided on animals. The impact of nickel on higher
organisms has being studied extensively on rabbits and rats. Senczuk (2005) has
studied the influence of Ni on rabbits. The tests were conducted for five days,
after 3 hours a day the rabbits were subjected to the action of dust of particulate
nickel (100 mg/m’) by inhalation. After this time, they detected in these changes
in the nasal mucosa and emphysema. 4 weekly exposure of rabbits on the nickel
concentration of 0.5-2 mg/m’ caused a reduction in lung weight. Exposure to
a concentration of 0.1 mg Ni/m’ of air per 8 months resulted in a decrease in
lung concentrations of lysosomes. In rats exposed to nickel in an amount of 25 or
50 mg/kg of body weight per day for 6 weeks was observed reduction of weight
gain and reduced levels of alkaline phosphatase and hemoglobin. At lower
concentrations of nickel changes in clinical trials was not observed. In the case of
long-term exposure of rats to nickel (5, 50 and 125 mg/kg of body weight per day
for 2 years), there was a decrease in liver weight and increased heart weight.
However, due to the low survival rate of rats in both the test and control, result
cannot clearly determine the effect of nickel on these changes. After the two-year
study in dogs treated with nickel at doses of 0, 2.5, 25 and 62.5 mg/kg body
weight was observed less appetite, weight loss and the bigger weight of kidneys
and liver. In addition, histological lesions were found in the lungs. Also, they
studied the effect of nickel on the reproductive capabilities of selected species.
Administration of 12 mg nickel’kg body weight of the mice resulted in a decrease
in motility of spermatozoa, but such effect was not observed for a dose of 8§ mg
nickel/kg body weight. A one-nickel dose of 16 mg nickel/kg body weight of rats
resulted in decreased fetal body weight and result in higher fetal mortality
[1, 3,29, 30].
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Humans

Nickel constitutes the threat for humans. Based on animal studies are set
permitted nickel content in products for humans (for example, indicators TUIL,
TDI). TUIL is a Tolerable Upper Intake Levels for vitamins and minerals. This
indicator said what is a pose which is no risk for health for a daily nutrient intake.
The highest concentration of nickel is in cocoa (8.2-12 mg/kg), next in soya
beans (4.7-5.9 mg/kg) and oatmeal (0.33-4.8 mg/kg). All nickel in human tissues
should not exceed 0.5 mg, in human blood — 1-5 pg/L. Above this value, nickel is
accumulated in lungs, adrenals and other organs [31].

TDI — Tolerable Daily Intake — is the another indicator. Its value is similar to
TUIL. This indicator is controlled by EFSA — European Food Safe Authority
According to EFSA, daily intake should be lower than 500 pg [32].

The low concentration of nickel is required for proper functioning of living
organisms. Nickel is normally present in human tissues. However, the exposition
to high concentrations of Ni may lead to significant increase of this element in
human body. In general, the health effect of nickel is depend on the route of
exposure (inhalation, oral or dermal) and physicochemical form of this element
[13, 33]. Contributions of Ni to the body can differ. Body exposition to the Ni in
the air and in drinking water is usually less important than its dietary intake [38].
Nickel shows its neurotoxic and carcinogenic properties. A high concentration of
nickel, like for example the oral doses in weight of 73 mg elemental Ni results
nausea, headache, cough, diarrhea, decreased pulse. Nickel supplied to the body
from food is poorly absorbed and eliminated. A particular threat is skin contact
and inhalation. Nickel which is inhaled with air is accumulated and damages the
mucous membranes [1, 3, 34, 35].

The chemical form of nickel affects its fate in human body. For instance, the
water-soluble forms of this element are more readily absorbed than others [13].
Nickel is easily absorbed in the ionic form. However, even less soluble
compounds of this element can be phagocytized. Nickel is transported and
distributed through out the body in the form of its complex compounds. It is
usually bound to proteins or amino acids. The changes in human body functions
are noticed when nickel interacts with other elements, like zinc, magnesium and
calcium [33]. These connections can suppress or modify the toxic or
cancerogenic effects of nickel [13]. Nickel deficiency causes a reduction in the
level of hemoglobin in the blood, fat accumulation in the liver and skin changes.
The most important function of this element is to activate dehydrogenases [2].

The influence of nickel in the form of its nanoparticles to the human is related
to increasing concentration of ROS. There are studies with indicate that cells
exposed to the presence of nickel nanoparticles increased their activity of
caspase-3, which suggests increase the risk of apoptosis of these cells.
Particularly vulnerable organ to the nickel nanoparticles are the lungs [36].
Moreover, the research indicated that nickel nanoparticles show their
genotoxicity and impair the mechanism of degradation of lipids in the liver and
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can interfere ion transport in mitochondria [10]. However, the studies on nickel
nanoparticles effect on humans are still conducted.

Threat of nickel

The most widespread threat of use nickel are allergies. It is estimated that the
sensitized to this metal is high: 17% of adults and 8% of children. Nickel allergy can
manifest itself as allergic contact dermatitis, conjunctivitis, asthma and rhinitis.
Nickel allergy can also cause rejection of orthopedic and dental implants [3, 6].

Nickel ions are too small to independently trigger an allergic reaction.
However, since nickel readily binds to proteins, such as larger particles can
induce an immune response and cause the production of antibodies. The binding
of the metal to the native protein results in antibodies inability to recognize the
protein. The cells recognize such a complex molecule as foreign and begin to
fight them [13, 33].

The problem of nickel allergy caused heated discussion in the design of euro
coins. Coins highest denominations (one euro and two euros) are made of
cupronickel. Fortunately, contact with coins is frequent, but short-lived. As with
the keys, tools and utensils they are made of too small amounts of nickel ions, to
be able to cause a nickel allergy [3].

Nickel is also used in the production of implants and prostheses. Implants are
materials with special physico-chemical properties that may include beside of
nickel, also other elements like chromium, cobalt, titanium, molybdenum or
vanadium. For example, the material of cemented hip prosthesis is stainless steel
chrome-nickel. It has been shown that very slow damaged prosthesis (fluids have
a strong corrosiveness) can release ions of nickel, chromium and cobalt. This
may cause loosening of implants and prostheses, because of the body's response
— to attack the surface of implants by tissues and fluids [37, 38].

In addition to induction of allergy, nickel has a neurotoxic and carcinogenic
properties for both animals and humans. For people high concentration of nickel
(oral doses, 325 mg nickel sulfate = 73 mg elemental Ni) results in nausea,
headache, cough, diarrhea, decreased pulse.

Food allergy to nickel is very rare, because the nickel and its compounds in
food usually occur in trace amounts. For this reason, the presence of this element
in the everyday, average diet is considered to be safe for the average person.
However, in people with contact allergy to nickel, nickel in the diet can cause
systemic reactions. Such people need to control the consumed food for the
content of nickel in it. An additional source of Ni in the diet is water. Both
drinking water and used it for food preparation may contain nickel and cause
difficult to estimate the increase of the number of ions and nickel compounds in
food [13, 39, 40].

Conclusions

Nickel is an element that has found wide application in various industries. It is
used to coat a variety of metal surfaces to protect them. However, this carries
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many risks. A large part of the population is allergic to nickel, which makes
everyday objects dangerous for them. In addition, nickel gets into the
environment, mainly due to waste water and corrosion of the pipes. Although
small amounts of nickel are essential to living organisms (e.g., correspond to
multiple roles in plants), its excess is extremely harmful and can interfere with to
the tissues and enzymes. It also has a deleterious effect on the DNA strand and
causes mutations.

Increasingly, people are also used nanoparticles of nickel. However, their
impact on the environment is not fully understood. There are many indications to
suggest a beneficial effect of nickel nanoparticles on plants, mainly in the field of
defense and stimulating growth. At the same time, more and more research has
deleterious effect of the excess of nickel nanoparticles, especially in the animal
organisms, including human. However, the further investigations should be
provided on influence of nickel nanoparticles to environment and living
organisms.
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