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Heavy metal pollution according to natural and anthropogenic resources is
an international problem. Amongst heavy metals, nickel is a contaminant,
which collects in soils, plants, animals, and aquatic systems. The nickel (Ni)
concentration ranges in soil and drinking water is from 10 — 1000ppm and
6ug/1 orderly. The nickel concentration in natural vegetation is between 0.05
and 5mg/kg of dry weight. The nickel portion penetrating the human
respiratory is between 0.1 and 0.7ug/day. 100-200 pg of nickel is used each
day including nickel cookery dishes. Everyday input of nickel from food is
approximately 170ug orderly. The nickel level in seawater and river includes
about 0.5 to 2ppb and 0.3ppb orderly. The normal smoke of a cigarette
includes approximately 0.04 to 0.58 ug of nickel. Nickel is in the milk of
humans and cows at a concentration between 0.001 to 0.1 mg/I orderly. The
nickel resources include rocks and soil weathering, forest fires, fertilizers,
industrial garbage, sewage, and sludge that includes a high amount of nickel.
Nickel is an important factor needed for the plant's healthy growth, animals,
and soil microbes, influences the photosynthetic processes of high plants,
generates critical and chronic illnesses in humans, and decreases soil fertility.

Accepted: 14 Aug, 2022
Available online: 2 Sep, 2022

This study demonstrates the effects, significance, and poison of nickel.

(CHom

This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this

license, visit http://creativecommons.org/licenses/by/4.0/.

Introduction
Chemical and physical Nickel features

Nickel is one of the critical components
discovered in plenty in the crust of earth appearing
at an average concentration of 75pg/g. It is a metallic
component in-group VIII b of the periodic table. It
is silvery-white, hard, and lustrous and discovered in
nature as a element of silicate, sulfide or arsenide
ores. Its atomic number is 28, atomic weight is
58.71, and specific gravity is 8.9 by the melting and
boiling points of 1.455°C and 2.732°C orderly. It
has highly electric and thermal conductivity, is
resisting to corrosion in ambient temperatures
among -20°C to +30°C, and is thus electroplated as
a protecting layer (Chau and Cordeiro, 1995).
However, it has oxidation condition of -1, 0, +1, +2,
+3 and +4, it is mainly in the divalent condition
(Ni2+) and it is the steady form in the environment.
In biological systems, nickel in its ionic condition

includes steady complicated features by different
ligands and bind to organic matters (Fordsmand,
1997).

Nickel biological significance

Nickel is to be an important component in
animals, microorganisms, plants and is an enzymes
component and proteins. In acetogenic bacteria, the
carbon monoxide removal for acetateing is related
on nickel that is required for activation and synthesis
of carbon monoxide dehydrogenase (Drake, 1982).
Nickel produces the Acetobacterium woodii growth
on the medium complete with frut suger. Nickel is
the core metal in the methanogenic bacteria
tetrapyrrole ring that is critical for the growing of
microbes. Nickel is important for the urease active
syntax in plant cells. In some kinds of high plants
like jack beans (Canavalia sp.), soybeans (Glycine
max), rice (Oryza sativa), and tobacco (Nicotiana



Water. Environ. Sustainability. 2 (3): 6-9, 2022

tabacum), it is needed for sufficient urea metabolism
and urease synthesis (Kasprzak, 1987). Several
terrestrial plants like as Alyssum kinds collect nickel
and need it for growing (Baker et al., 2000). Welch
(1995) noted that nickel is needed in low
concentrations by legumes dependent on
symbiotically fixed nitrogen either for the growth of
rhizobia or for the use of constant nitrogen or both
of them. Nickel is needed for iron adsorption, seed
pullulating and its lack cause the generation of
possible seeds in plants. Nickel utilization for
vegetables saves them from specific yield restricting
illnesses, therefore potentially decreasing pesticide
use and enhancing product yield. Nickel operates as
a bio controlling mechanism for microbial pest. It is
critical element concerning the product of secondary
plant metabolites and therefore impacting plant
resisting to illness (Wood and Reilly, 2007). Highly
nickel concentrations hindered the construction of
IAA, tryptophan and simultaneously announced the
phenolic formulate and terpenoid inhibitors
(Tikhomirov et al., 1987). Khan and Moheman
(2006) presented that nickel interacts with iron
discovered in the hemoglobin and helps in oxygen
transportation, promotes the metabolism and
considered as a critical metal in some plants and
animal enzyme systems. Nickel is considered in the
transfer of genetic code (DNA, RNA) and it is
demonstrate in specific enzyme systems that
metabolize sugars.

Nickel could substitution for calcium in
excitation procedure and in the binding by
membrane ligands like the phosphate groups of
phospholipids in the procedure of nerve transfer,
muscle excitation and contraction (Howard, 2003).
Nickel is in human and rabbit serum as 3 conditions
i.e., nickel bound to ultra-filterable ligands, albumin
bound nickel and macroglobulin bound nickel.
Albumin is the major transportation protein for
nickel in human, rat and bovine sera. A
metalloproteinase termed nickel plasmin was
separated from the sera of rabbits (o - 2
macroglobulin) and human (o- glycoprotein)
(USPHS, 1993).

Ultrafilterable nickel binding ligands has
significant role in extracellular transportation and in
the nickel removal in urine. L - histidine has been
recognized as a lower molecular mass nickel binding
component of human serum that has more
significant relationship for nickel in comparison
with serum albumin. It has been discovered that L -
histidine nickel composite has lower molecular size
in comparison with the albumin nickel composite
that adjudicates the transportation by a biological
layer by the equilibrium virtue among these nickel
molecular kinds. The interchange and transition of
nickel among L - histidine and albumin occurs to be
interceded by a ternary composite in the state of
albumin nickel L - histidine (Sigel and Sigel, 1988).

Nickel is a crucial nutrient in seventeen
animal kinds, containing chicken, cow, goat, pig, rat
and sheep (IPCS, 1991). In extremely lower levels,
nickel is a crucial component for humans (Wintz et
al.,, 2002). Schnegg and Kirchgessner (1980)
presented that nickel deficit in rat cause decreased
iron range in organs, decreased haemoglobin and
hematocrit amounts and anaemia. King et al. (1985)
indicated that nickel may function as a cofactor for
the calcineurin activation, a calmodulin related
phosphoprotein phosphatase. Nickel possess a
critical role in the cGMP organization, a signal
mechanism which controls different physiological
procedures like blood pressure controlling, sperm
physiology, sodium metabolism and cardiovascular
health. Nickel is always attending in RNA and is
restrained for some biological senses like proteins
(keratin, insulin), amino acids and serum albumins.
It operate enzymes such arginase, trypsin, acetyl
coenzyme A, carboxylase and synthetase (Yokoi et
al., 2002).

Nickel resources

Nickel is an inherently occur component
which is available in soil, water, air and biological
matters. It is a biological element of crust of earth
and is exists in pyrogenic stones (Chauhan et al.,
2008). Biological nickel resources contain volcanic
emission dusts and the rocks and soils weathering
(Kasprzak et al.,, 2003). In-organic fertilizer
especially phosphate fertilizer has varying levels of
nickel relying on the sources (Sharma and Agarwal,
2005).

Atmospheric nickel is regarded to be
available mostly in the state of aerosols by various
nickel particle concentrations relying on the
resources kind. some atmosphere nickel penetrating
to the atmosphere emanate from meteoric dusts,
smoke particles from forest fires, volcanic ash,
windblown soil dusts and aerosols from oceanic
dusts (Ross, 1994). However, nickel appears
naturally, concentrations discovered in the
environment might be generated by anthropogenic
intake like deposits from the fossil fuels burning
(IARC, 1990), energy providing power positions
(Verkleji, 1993), chemical industries. The lubricants
that are antiwear protectant for vehicles release
nickel from inadequate engines in the transport
(Sharma and Agarwal, 2005). Nickel is utilized as a
catalyst in oil refine procedure, in cryogenic
receptacles, in contaminant decrease tools and as an
element of some plumbing matters. While pipes and
other matters rust, nickel could be removed for drink
water and might induce harm to human health,
whereas the emission from this resource are small.
Oats, chocolate, soy beans, nuts and other particles
are perfect nickel resources (Salniko et al., 2003).

Nickel is in marine system as soluble salts
adsorbed on clay grain or organic matter or related
with organic grains like humic acid, fulvic acid and
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proteins. Nickel might penetrate surface-water as a
particulate material in water of rain, via the solution
of initial bedrock minerals and from anthropogenic
resources or from secondary soil phase (Boyel,
1981).

Nickel toxic and health risks

However, nickel is everywhere and is

essential for the many organism functions,
concentrations in several places from both
anthropogenic emit and innately variable levels
might be poisonous to live organism. Wastewater
released from electroplating, electronics and metal
cleaning industriousness usually includes higher
concentration of nickel ions and generates different
kinds of critical and regular conditions (Akhtar et
al., 2004).
Nickel, in human, can generate liver, kidney, spleen,
brain and tissue damage, vesicular eczema, lung and
nasal cancer on critical vulnerability (IPCS, 1992).
Nickel causes embryo toxic and nephrotoxic
impacts, allergy and touch dermatitis (EPA, 2002).
Nickel sensitization appears in public from jewelry,
coins, watchcases, and clothes. It generates
conjunctively, eosinophilic pneumonia, asthma and
local or system reaction for nickel including
prostheses like joint substitute, cardiac valve
substitute, cardiac pacemaker wires and dental
inlays (Hostynek and Maibach, 2002).

Nickel combinations are carcinogenic for
humans and they are in the core, particularly in the
nucleolar fraction (NAS, 1975). Nickel Intracellular
binding for nuclear protein, RNA and DNA might
induce strand breakage, cause chromosomal
aberration, sister chromatid exchanges, diminished
RNA synthesis, mitotic activity and gene expression
in human and mammalian cultured cells
(Zienolddiny et al., 2000). Matlock et al. (2002)
marked the tumorous cells modification that causes
DNA harm result from modification induced with
hydroxyl radical or another oxidization forms.
Critical exposures of human lung to nickel
consequences in pathological pulmonary lesion,
hemorrhage, edema, deranged alveolar cell,
bronchial epithelium deterioration and pulmonary
fibrosis. While the surface of the skin is exposed to
nickel ions, it spread via the epidermis and bind for
the carrier protein for forming allergen that induces
skin diseases and allergy (Grimsrud et al., 2003).
Penetration of Nickel to the skin is discovered to be
grown by sweat, blood, detergent and other body
fluid (USEPA, 1980). Nickel combinations have
been seen for penetrating the mammalian placental
barriers and influence the fetus in bearing to the
existence of woman worker in industry (Sunderman
etal., 2001).

One of the powerful animal teratogen is
Nickel. Aspiration and nickel exposure carbonyl
combinations to rats and hamsters have been
discovered to induce fetal dying, reduced weight

increase and eye malformation (Sevin, 1980).
Nickel has been confirmed to be embryo lethal and
teratogenic for white leghorn strain of the household
chickens (Gallus sp.), maybe according to the
mitosis inhibiting activity of nickel combinations.
Deformation may contain badly designed or lost
brainier and watches, everted viscera, short and
twisted neck and limb, hemorrhaging and decrease
in body size (Gilani and Marano, 1980). Rodent
exposed to nickel in pregnancy demonstrated a
reduction in the implantation frequency of fertilized
eggs, improved re-sorption of fertilized eggs and
foetus, an improved stillbirth frequency and increase
malformation in living or borning young
(Hausinger, 1993).

Nickel effluents release to the water has

been informed for causing stress in marine animal
and influence the metabolic and physiological
actions, biochemical arrangement and tissues
histology (More et al., 2003). Nickel poison in plants
generate patchy discoloration, immature old age, old
leaves yellowing, the roots stunt, different plant
organs malformation, necrosis of leave, wilting,
growing decrease, wrinkled and cupped leave,
shortened internode result in little plants and witches
swab formation directed to as “mouse ear” disease
(Fordsmand, 1997). It has been discovered for
affecting the photosynthesis, cell division and acting
as a mutagen for plants. Some kinds of plants collect
high amounts of nickel above ground tissue. These
hyperactive accumulators handle high nickel level
according to free histidine in the xylem sap that
delivers protection mechanisms against herbivory
(Kramer et al., 1996).
In microorganism, nickel has been noticed to attach
specifically to the phosphate, carboxylic and
hydroxy carboxylic classes of the cell walls.
Operational transportation mechanisms created for
magnesium has been seen for transporting nickel. In
microorganism and high plants, magnesium is
regarded as the standard competition for nickel in
the biological ionexchange responses (Kasprzak,
1987).

Conclusion

Nickel has been achieved significant
concentration as a powerful heavy metal
contaminant according to grow anthropogenic stress
on the surroundings. Despite it is a heavy metal but
it is vital to plants, animals and human existence for
a prosperous living. Nickel toxicity in plants induces
restricted grow, leaves necrosis and mouse ear
infections. In humans, it drives lung and nasal
infections, dermatitis and vesicular eczema. It is a
powerful animal teratogen. Hence, by the growth of
sciences and technologies currently, nickel
including effluents could be treated utilizing
biological matters and rather of its removal, it could
be reclaimed for the use of human in agriculture and
fish farming.



Water. Environ. Sustainability. 2 (3): 6-9, 2022

Conflict of interest
The authors declare that they have no
conflict of interest.

References

Akhtar, N., Igbal J and Igbal M. (2004). Removal and recovery
of nickel (1) from aqueous solution by loofa

sponge — immobilized biomass of Chlorella sorokiniana:
Characterization studies. J. Haz. Mat. 108 : 85 —94

Baker, A. J. M., McGrath, S. P., Reeves, R. D. and Smith, J. A.
C. (2000). Metal hyper accumulator plants. Lewis

Publisher, Boca Raton, F.L. (USA), 85 — 107.

Boyle, R.W. (1981). Geochemistry of nickel In : Effects of nickel
in the Canadian environment, Ottawa, National

Research Council of Canada, 31 — 34.

Chau, Y. K. and Cordeiro, O. T. R. K. (1995). Occurrence of
nickel in the Canadian environment. Environ. Rev. 3 : 95 —
120

Chauhan, S. S., Thakur, R. and Sharma, G. D. (2008). Nickel: its
availability and reactions in soil. J. Indl. Polln. Ctrl. 24(1) :
57 - 62.

Drake, H. L. (1982). Occurrence of nickel in carbonmonoxide
dehydrogenase from Clostridium pasteurianum and
Clostridium thermoaceticum. J. Bacteriol. 149: 561 — 566

EPA, (2002). Nickel and nickel compound. Poll. Prevent. Fact
Sheet, 96: 1 -2

Fordsmand, J. J. S. (1997). Toxicity of nickel to soil organisms in
Denmark, Rev. Environ. Contam. Toxicol. 148: 1 — 31

Gilani, S. H. and Marano, M. (1980). Congenital abnormalities in
nickel poisoning in chick embryos. Arch. Environ. Contam.
Toxicol. 9: 17 — 22

Grimsrud, T. K., Berge, S.R., Martinsen, J. I. and Andersen, A.
(2003). Lung cancer incidence among Norwegian

nickel-refinery workers. J. Environ. Monit. 5: 190 — 197. 287

Hausinger, R. P. (1993). Nickel and human health: Current
perspectives In: Biological utilization of nickel, [Nieboer E,
Nriagu (eds)], Wiley and Sons, New York, 21 — 36.

Hostynek, J. J. and Maibach, H. I. (2002). Nickel and the skin,
CRC Press, Boca Raton, 1 —249.

Howard, H. (2003). The environment and human health, Ed.
Michael Mc. Cually, MIT Press, 98 — 115.

International Agency for Research on Cancer (IARC) (1990).
Monographs on the evaluation of carcinogenic risks to
humans, Chromium, Nickel and Welding, 49, IARC
Scientific publications, Lyon, France, 257 — 445.

International Programme on Chemical Safety (IPCS), (1991).
Environmental Health Criteria Series #108, Nickel,

World Health Organization, Geneva, 383.

International Programme on Chemical Safety (IPCS), (1992).
Environmental Health Criteria, Nickel, World Health
Organization, Geneva, 108.

Kasprzak, K. S. (1987). Nickel, Advances in Modern Environ.
Toxicol., 11, 145 — 183.

Kasprzak, S., Sunderman, F. W. and Salnikow, K. (2003). Nickel
carcinogenesis, Mut. Res. 533: 67 — 97

Khan, S. U. and Moheman, A. (2006). Effect of heavy metals
(cadmium and nickel) on the seed germination, growth and
metals uptake by chilli (Capsicum frutescens) and
sunflower plants (Helianthus annus). Poll. Res. 25(1): 99 —
104

King, M.M., Lynn, K.K. and Huang, C.Y. (1985). Activation of
the calmodulin-dependant phosphoprotein phosphatase by
nickel ions, In: Brown SS, Sunderman FW Jr., ed. Progress
in nickel toxicology. Proceedings of

the 3rd International Conference on Nickel Metabolism and
Toxicology, Paris, 4-7 September, Oxford, Blackwell
Scientific Publications, 117 — 122.

Kramer, U., Howells, C. J. D., Charnock, J. M., Baker, A. J. M.
and Smith, J. A. C. (1996). Free histidine as a metal chelator
in plants that accumulate nickel, Nature, 379: 635 — 638.

Matlock, M.M., Howerton, B.S and Atwood, D.A. (2002).
Chemical precipitation of heavy metals from acid mine

drainage. Water Res. 36: 4757 — 4764. More, T. G., Rajput, R. A.
and Bandila, N. N. (2003). Trace element contamination in
a coastal aquifer of Andhra Pradesh. J. Indl. Polln. Ctrl. 26:
181 - 202.

National Academy of Sciences (NAS), (1975). Medical and
biological effects of environmental pollutants, Nickel,
National Research Council, National Academy of Sciences,

Washington, 277.

Ross, S. M. (1994). Sources and forms of potentially toxic metals
in soil — plant systems, In: Toxic metals in soil — plant
systems (Ed : S M. Ross), Wiley and Sons, New York, 3 —
25.

Salniko, K., Davidson, T., Zhang, Q., Chen, L. C., Su, N. and
Costa, M. (2003). The involvement of hypoxia -

inducible transcription factor 1 dependent pathway in nickel
carcinogenesis, Cancer Res. 63: 3524 — 3530

Schnegg, H.A. and Kirchgessner, M. (1980). Toxic effects of
trace elements on the reproduction of mice and rats,

Arch. Environ. Hlth., 23: 102 — 106

Sevin, I. F. (1980). Nickel, Metals in the environment, Academic
Press, London, 263 — 291.

Sharma, R. K. and Agarwal, M. (2005). Biological effects of
heavy metals: An overview, J. Environ. Biol. 26(2):

301-313

Sigel, H. and Sigel, A. (1988). Nickel and its role in biology,
Metal ions in biological systems, Marcel Dekker, New
York, 488

Sunderman, F. W., Sullivan, J. B. and Krieger, G. R. (2001).
Nickel in clinical environmental health and toxic

exposures, Williams and Wilkins, Baltimore, 905 — 910.

Tikhomirov, F. A., Kuznetsova, N. N. and Magina, L.G. (1987).
Effect of nickel on plants in a sod-podzolic soil.

Agrokhimiya. 8: 74 — 80.

U. S. Environmental Protection Agency (USEPA), (1980).
Ambient water quality criteria for nickel, EPA Report,

206.

U. S. Public Health Service (USPHS) (1993). Toxicological
profile for nickel, U.S. Public health service, Agency for
toxic substances and disease registry, Atlanta, Georgia, 158.

Verkleji, J. A. C. (1993). The effects of heavy metals stress on
higher plants and their use as biomonitors In: Plant as
bioindicators: Indicators of heavy metals in the terrestrial
environment, Markert, B edition, VCH, New York, 415 —
424,

Welch, R. M. (1995). Micronutrient nutrition of plants. Crit. Rev.
Plant Sci. 14: 49 - 82

Wintz, M., Fox, T. and Vulpe, C. (2002). Functional genomics
and gene regulation in biometal research. Bull. Environ.
Contam. Toxicol. 30: 765 — 768.

Wood, B. W. and Reilly, C. C. (2007). Interaction of nickel and
plant diseases In: Datnoff LE, Elmer, WH, Huber, DM.,
editors, Mineral nutrition and plant disease, Minneapolis,
American Phytopathological Society Press, 217-247.

Yokoi, K., Uthus, E. O. and Nielson, F. H. (2002). The essential
use of nickel affects physiological functions regulated by
the cyclic - GMP signal transduction system, Proceedings
of the 7th international symposium on metal ions in biology
and medicine, St. Petersburg, Russia, 5 — 9.

Zienolddiny, S., Ryberg, D. and Haugen, A. (2000). Induction of
microsatellite mutations by oxidative agents in human lungs
cancer cell lines, Carcinogenesis, 74, 1521 — 1526.



