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Abstract:
Water is essential for life. But now a days, it has been polluted by various sources. Heavy metals are playing an important role.
The need of the hour is to generate effective methods for the removal of these metals.
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I. INTRODUCTION
Water is a basic source of life, energy and thus is essential
element to all living things on earth. In purest form water is
odorless, colorless and tasteless in nature. Level of
contaminants has increased due to discharge of industrial
effluents in aquatic ecosystems which pollute and contaminate
the water streams naturally. However millions of people
worldwide are suffering from shortage of fresh and clean
drinking water. Water pollution raises a great concern now a
days due to rapid industrialization e.g. metal mining
operations, fertilizers, agricultural wastes, sewage, domestic
wastes, alloy and leather industries, metal galvanizations,
paper industries and pesticides which have largely discharged
various types of pollutants into environment and cause
disorder into ecosystem. Chemicals, paper, petroleum and
primarily metal sectors cause about 97% of water
contamination. Heavy metal pollution caused by industrial
activities and technological development is posing significant
threats to the environment and public health because of its
toxicity, non-biodegradability, bioaccumulation and persistent
tendency through food chain. 'Heavy metals' refers to any
elements with atomic weights between 63.5 and 200.6 with
specific gravity greater than 5.0. Nickel is one of the non
biodegradable, toxic, heavy metal ion present in waste water
and ground water. Nickel was first isolated from mineral
nicolite by Swedish Chemist Axel Crostedt in 1751 and the
name "nickel" was derived from the term "Kupfenickel" which
means 'Old Nick's Copper' that the German miners gave to
nicolite because of emission of toxic fumes when heated. The
permissible limit of nickel in drinking water given by U.S.
Environmental Protection Agency (EPA) is 0.015 mg/I. Nickel
compounds released by industrial activities into the
environment will adsorb onto the sediment and soil particles
and become immobile. Nickel is more mobile in acidic soils
and often leaches out into the groundwater. Concentration of
nickel in industrial waste waters ranges from 3.40 to 900 mg/I.
II. SOURCES OF NICKEL
Nickel is released into the environment through natural and
anthropogenic sources (Chen and Lin, 1998). Natural source of
nickel to the environment are forest fires, vegetation, volcanic
emissions and windblown dust. Anthropogenic sources of
nickel to the environment are combustion of coal, diesel oil
and fuel oil, the incineration of waste and sludge, use of
phosphate fertilizers, stainless steel industry, galvanization,

International Journal of Engineering Science and Computing, March 2019

smelting, dyeing operation, batteries manufacturing, metal
finishing, jewellery manufacturing, coinage, catalyst, nickel
mining and processing etc. (Nordberg, et al., 2005; Krishnan et
al., 2011) and other miscellaneous sources (Von, 1997).
Industrial emissions add more than 100 times more nickel than
that from natural sources e.g. in effluents of electroplating
industries to the tune of 20-200 ppm (Revathi, 2005), effluents
of silver refineries, zinc base casting and storage battery
industries. The main pollution are from nickel plating industry
(Cempel and Nickel, 2006) caused by Ni+2 heavy metal ion in
water. Nickel is present in small quantities (0.1-0.6 ppm) in
plants, animals and in small quantities in sea water. All these
industries acquire established waste water regulations to
minimize the human and environmental exposure to hazardous
heavy metals. Some of other industrial processes that
contribute to the presence of nickel are bakery (0.43 mg/I),
soft drinks and flavoring (0.22 mg/I), ice cream (0.11 mg/I),
textile dyeing (0.25 mg/I), laundry (0.1 mg/1), car wash (0.19
mg/I) and miscellaneous foods (0.11 mg/I) (Rao et al., 2001).
III. DELETERIOUS EFFECT OF NI (II) IONS IN THE
ECOSYSTEM AND ENVIRONMENT
Ni (II) is an essential nutrient needed by the body in trace
amounts because it takes part in the synthesis of vitamin B12.
However increase in the intake of Ni(II) or its compounds can
lead to birth defects, embolism, asthma, hard metal related
respiratory diseases and chronic bronchitis, etc. (Chen et al.,
2008; Chen et al., 2009). Nickel toxicity associated with Ni(II)
is mainly due to generation of reactive oxygen species (ROS)
with subsequent oxidative deterioration of biological
macromolecules. There are two step processes in which nickel
can generate free radicals (FR) directly from molecular oxygen
to produce superoxide anion and in continued process, produce
highly toxic hydroxyl radical. They also inhibit antioxidant
enzymes and deplete intracellular glutathione and causes prooxidative effects (Das, 2009). Toxicity of nickel causes
pulmonary fibrosis and inhibits many enzymatic functions
(Liphadzi and Kirkham, 2005) and skin contact with nickel
causes a painful, fatal disease called "nickel itch" (Bailey at
al., 2005). The higher concentration of nickel causes harmful
health effects like headache, dizziness, nausea, dry cough,
tightness of the chest, chest pain, cyanosis, vomiting, shortness
of breath, nasopharynx, cyanosis, extreme weakness, renal
oedema, skin dermatitis, gastrointestinal disorder and rapid
respiration (Chen et al., 2009). Sulphide and oxide form of
nickel posse's excess risk of lung and nasal cancers (Satpathy,
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2002). Due to deleterious effect of nickel WHO (World Health
Organization) has prescribed standards for desirable nickel
concentration in drinking water, therefore it is necessary to
bring the nickel concentration in waste water below the
prescribed limit.



IV. ADSORPTION PROCESS FOR THE REMOVAL OF
HEAVY METALS FROM WATER AND WASTE
WATER



Recently adsorption process has gained great interest as a
more promising method because it is more effective and
economic process for heavy metal removal. Adsorption is a
technique through which some of fluid phase substances are
removed by their transmission to the interface between fluid
phase and solid (separate) phase and accumulation. Reduction
in surface tension occur between the fluid and the solid phase
because adsorption of fluid phase substances on the solid
surface create required driving force for adsorption process.
Adsorption also occurs due to the attractive interaction
between a surface and the species being adsorbed at certain
level (Monser and Adhoum, 2002). Solid porous material is
called adsorbent material or biomass and components of fluid
phase that adsorb by solid phase is called adsorbed component
or adsorbate. Movement of fluid phase components
(adsorbate) and their accumulation on the solid surface will
terminate as soon as the concentration of adsorbate at two
phases reach an equilibrium condition. Non living biomass or
natural biomass are used widely as metal binding agents
because they have the capacity to lower the metal ion
concentration to Parts Per Billion (ppb) level due to their
affinity for cationic metals.
V. FACTORS
PROCESS

AFFECTING

THE

ADSORPTION

Adsorption process is mainly influenced by the nature of
solution in which the contaminants are dispersed and the
nature of adsorbent used. Some parameters should be
considered during the adsorption process between adsorbent
and adsorbate which are given below (Cheremisinoff anc
Morresi, 1978).








pH of solution: pH is determination of adsorption in
terms of hydrogen ion concentration. The adsorptive
capacity of metal cations increase with increasing pH of
the sorption system, but not in linear relationship.
Sorption not occurs at highly acidic and alkaline
conditions because hydrogen ions and hydroxyl ions
compete for active sites on adsorbent surface respectively.
Degree of ionization of the adsorbate: More highly
ionized molecules are adsorbed to a small degree than
neutral molecules. The degree of ionization of a species is
affected by the pH.
Particle size: It is the size of the molecule with respect to
size of the pores. Larger molecules may be too large to
enter small pores. This may reduce adsorption
independent of other causes. Smaller particle sizes reduce
internal diffusion and mass transfer limitation to the
penetration of the adsorbate inside the adsorbent i.e.
equilibrium is more easily achieved and nearly full
adsorption capacity can be attained.
Surface area of adsorbent: Large surface area provides
greater adsorption capacity. Smaller the particle size and
contain greater the surface area of the adsorbent more is
the adsorption.
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Temperature: Adsorption reactions are normally
exothermic, so adsorption capacity increases with
decrease of temperature. In the range of 15-400C, the
maximum equilibrium adsorption capacity for Ni (II) ions
by the wood ash was reached at temperature of 25 0C
(Parmar and Thakur, 2013).
Effect of adsorbent dose: The percent removal of heavy
metals increases rapidly with increase in concentration of
adsorbents (Parmar and Thakur, 2013). But after certain
concentration of adsorbent further increase in biomass
concentration has no effect on removal percentage
because no metal ions left to be adsorbed on the empty
active sites after equilibrium point is achieved.
Effect of initial concentration of metal ion: The initial
concentration of metal ion provides an important driving
force to overcome all mass transfer resistance of metal
between the aqueous and solid phases. There is a decrease
in resistance for the uptake of solute from solution with
increase of metal ion concentration (Parmar and Thakur,
2013).
Contact time: Longer the contact time or retention, more
complete adsorption will be achieved. But after the
equilibrium has been achieved there is no increase in
percent removal of metal ion.
Solubility of solute: Substances slightly soluble in water
will be more easily removed from water than substances
with high solubility.
Effect of agitation rate: Agitation means proper mixing
of adsorbate and adsorbent. The adsorption removal
efficiency is increased weakly with increasing agitation
rate (Parmar and Thakur, 2013).

VI. VARIOUS LOW COST ADSORBENTS USED FOR
THE REMOVAL OF NICKEL.
Generally an adsorbent can be considered as "low cost" if it
requires little processing, abundant in nature and if it is a.
byproduct or waste from industry. Natural material or certain
waste from industrial or agricultural operation is one of the
resources for low cost adsorbents and are locally and easily
available in large quantities; therefore they are inexpensive
and have little economic value. A vast variety of raw materials
originate from industrial and agricultural activities, results in
production of chemical and solid wastes. The chemical wastes
arise from the use of pesticides, dyes and fertilizers while the
solid wastes include bagasse, sawdust, rice husk, peanut shell,
coffee husk etc. and it is a concept of "using waste to treat
waste".Various non conventional and less expensive
adsorbents which are natural materials or wastes (used either
naturally or with some chemical modifications) have been
investigated for removal of Ni (II) such as sphagnum peat
(Viraraghvan and Drohamraju, 1993), blast furnace slag, apple
waste, soybean and cottonseed husk, peat nut husk carbon ,
straw treated saw dust, activated alumina and silica gel.
Several types of other adsorbents e.g. clay, activated carbon,
zeolite, silica gel and the agricultural adsorbents such as coffee
husk, peanut shells, bagasse, rice husk and sawdust are widely
used (Argun et al., 2007).
VII. CONCLUSION
Biomass is the cheap and easily available material for the
removal of nickel from Industrial effluent. It is going to be one
of the best method for the purpose.
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