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Abstract

The beginning of industrialization human being has observed a variety of environmental
troubles in the world. This industrialization has not only brought growth and affluence but
ultimately troubled the ecosystem. One of the crashes is visible, in form of water
contamination. Here the current study heavy metal contamination of water body has been
discussed. Effluents from a great number of industries viz., tannery, textile, pigment & dyes,
paint, wood processing, petroleum refining, electroplating, leather etc., have a major amount
of heavy metals in their wastewater. The conventional technique of handling heavy metal
pollution includes chemical oxidation, chemical precipitation, ion exchange, reverse osmosis,
membrane separation, electrodialysis etc. These processes are expensive, energy intensive and
frequently related with generation of poisonous by-product. Therefore, the adsorption has been
examined as a cost-efficient technique of elimination of heavy metals from wastewater. In the
current study different low-cost adsorbent has been a review as an abatement of heavy metal
contamination from wastewater. These adsorbent comprise materials of natural origin like peat
moss, zeolites, clay, and chitin are found to be an effective agent for removal of deadly heavy
metals like Pb, Cd, Zn, Cu, Ni, Hg, Cr etc. Separately from these, a variety of agricultural
wastes like rice husk, waste tea, neem bark, black gram; Turkish coffee, walnut shell etc. were
also known as a powerful adsorbent for heavy metal removal. at the side of that low-cost
industrial byproduct like fly ash, lignin, iron (I11) hydroxide and red mud, coffee husks, Areca
waste, tea factory waste, sugar beet pulp, battery industry waste, blast furnace sludge, waste
slurry, sea nodule remains and grape stalk wastes have been discovered for their technical
possibility to eliminate toxic heavy metals from impure water.
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Introduction

Water contamination caused due to the addition of heavy metals ensuing from the industrial
activities is rising extremely and is a matter of global worry. Mining, mineral dispensation, and
metallurgical process are generating effluents hold heavy metals. The heavy metals here in the
wastewater is unrelenting and nondegradable in natural world furthermore, they are soluble in
aquatic surroundings and therefore can be simply absorbed by living cells. Thus, by incoming
the food chain, they can be bioaccumulated and biomagnified in higher trophic level also. The
heavy metals, if absorbed over the allowable labels, could lead to severe health problems. In
light of the details, cure of heavy metals holds industrial effluent becomes quite essential earlier
than being released into the environment. The conventional methods for heavy metal
elimination from wastewater contain chemical precipitation, chemical oxidation, ion exchange,
membrane separation, reverse osmosis, electrodialysis etc. These techniques are not effective,
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are costly and require high energy contribution. They are linked with the generation of toxic
sludge, removal of which render it costly and non-ecofriendly in an environment. In the current
past, numeral move toward has been investigated for the secure and inexpensive treatment of
heavy metal-laden wastewater. Adsorption has appeared out to be an improved alternative
treatment technique. It is said to be successful and economical because of its relatively low
cost. Authors have asserted adsorption to be an easiest, safest and most cost-effective process
for the treatment of waste effluents hold heavy metals [1, 2]. The advantage of the adsorption
process for heavy metal elimination is fewer initial as well as process costs, simple design and
fewer requirements of control systems [3]. Generally, the heavy metals are there in the
wastewater at low concentrations and adsorption is suitable even when the metal ions are there
at concentrations as low as 1 mg/L. This makes adsorption an inexpensive and favorable
technology for heavy metal elimination from wastewater. The adsorbent might be of the
mineral, organic or biological source. It might be industrial byproducts, zeolites, agricultural
waste, biomass, and polymeric material. One of the conventional adsorbents, activated carbon
has been widely used in numerous applications. Though, the high-cost effectiveness of
activation processes limits its practice in the wastewater treatment procedure. The current
research action aims toward contributing to look for cost-effective or low-cost adsorbents of
natural origin and their applicability in recovery as well as the elimination of heavy metals
from the industrial wastewater.

Heavy Metals and Industrial Ravage water

Heavy metals are usually free in the wastewater from a variety of industries. Electroplating and
surface treatment practice lead to the creation of significant quantities of wastewater hold heavy
metals (such as chromium, nickel, copper, vanadium, platinum, cadmium, zinc, lead, silver and
titanium). Separately from this wastewater from pigment, leather, tannery, textile & dyes, paint,
wood processing, petroleum refining industries, and photographic film production contain a
major amount of heavy metals. These heavy metal ions are poisonous to both human beings
and animals. The toxic metals cause physical distress and sometimes life-threatening sickness
and permanent damage to vital body system [4]. The metals get bio-accumulated in the aquatic
environment and tend to bio-magnified along the foodstuff series.

Therefore, the organisms at the superior trophic stage are more vulnerable to be pretentious by
their toxicity. Here are some 20 metals which are almost determined and cannot be degraded
or shattered. Mercury (Hg), lead (Pb), cadmium (Cd), chromium (Cr [V1]), Zinc (Zn), Arsenic
(As), Nickel (Ni) etc., are toxic heavy metals from an ecotoxicological point of view. The table
below shows Maximum Contaminant Level (MCL) standards for some heavy metals
recognized by USEPA [5]. These heavy metals can lead to severe effects such as stunted
growth, harm to very important organs, injury to the brain, cancer and in some cases death may
also occur. Health hazard associated with heavy metal toxicity is not new. Human being
diseases like Minamata, Itai, fluorosis, Arsenicosis etc. are due to heavy metal ingestion above
allowable levels. Care for the industrial effluents polluted with heavy metals within the
industrial location before being discharged is a well-organized way to eliminate heavy metals
rather than treating a high volume of wastewater in an all-purpose sewage treatment plant.
Therefore it is beneficial to expand separate handling modus operandi for taking away of heavy
metals from the industrial effluents. The present job focuses on the study of natural coagulants
as an effective and economical alternative treatment procedure for heavy metals removal from
industrial wastewater. (Table 1)
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Heavy metal Toxic MCL(mg/L)

Arsenic(As) Skin manifestations, visceral cancers, 0.020
vascular disease

Cadmium(Cd) | Kidney damage, renal disorder, human 0.01
carcinogen

Chromium(Cr) | Headache, diarrhea, nausea, vomiting, 0.04
carcinogenic

Copper(Cu) Liver damage, Wilson disease, insomnia 0.23

Nickel(Ni) Dermatitis, nausea, chronic asthma, coughing, | 0.21
human carcinogen

Zinc(Zn) Depression, lethargy, neurological signs and | 0.70
increased thirst

Lead(Pb) Damage the fetal brain, diseases of kidney, 0.005
circulatory system and nervous system

Mercury(Hg) | Rheumatoid arthritis and disease of kidneys 0.00002
circulatory and nervous system

Table The MCL standards for the most Hazardous heavy metals [5].
Adsorption

As discuss about previous, adsorption has appeared out as a successful, economical and eco-
friendly treatment method. It is a powerful process enough to accomplish water recycles
compulsion and high effluent standards in the industries. Adsorption is a mass transfer method
by which a substance is transfer from the liquid phase to the surface of a solid, and becomes
bound by physical and/or chemical interactions [5]. It is a division process in which few
components of the liquid phase are repositioned to the surface of the solid adsorbents. All
adsorption process is dependent on solid-liquid equilibrium and on mass transfer rates. The
adsorption process can be batch, semi-batch and continuous. At a molecular level, adsorption
is mostly due to attractive interfaces between a surface and the group being absorbed.
Depending upon the kind of intermolecular attractive forces adsorption could be of following

types:

Physical Adsorption

It is a common incident and occurs in any solid/liquid or solid/gas system. Physical adsorption
is a method in which binding of adsorbate on the adsorbent surface is occurred by van der
Waals forces of attraction. The electronic structure of the atom or molecule is almost not
disturbed
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Chemical Adsorption

This type of adsorption involves a chemical reaction between the adsorbent and the adsorbate.
The strong interface among the adsorbate and the substrate surface creates new types of
electronic bonds (Covalent, lonic). Chemical adsorption is also known to as activated
adsorption. The adsorbate can form a monolayer. It is utilized in catalytic operations. In
common, the main steps involved in adsorption of pollutants on solid adsorbent are Transfer
of the toxin from the bulk solution to the external surface of the adsorbent.

Inner mass transfer by pore diffusion from the external surface of adsorbent to the inner surface
of the leaky structure. Adsorption of adsorbate on the active sites of the holes of adsorbent. In
general rate of adsorption is determined by either film formation or intraparticle diffusion or
both as the last step of adsorption are rapid as compared to the remaining two steps.

Low-Cost Adsorbents

By using low—cost adsorbent to remove heavy metals it is more hopeful in extended terms as

there are numerous materials accessible locally and plentifully such as natural materials,
industrial by-products or agricultural wastes which can be used as low-cost adsorbents [6]. To
be commercially viable, an adsorbent must have high selectivity to make easy quick
separations, good transport, and kinetic feature, thermal and chemical stability, and mechanical
strength, confrontation to fouling, revival capacity and little solubility in the liquid in contact.
Adsorption technique has many advantages over the conventional technique of heavy metal
elimination. Some of the gains of adsorption method are (1) Economical, (I1) metal selectivity,
(1) Regenerative, (IV) Absence of toxic sludge generation (V) metal recovery and most
importantly (V1) effective. a variety of low-cost adsorbent resulting from a range of natural as
well as anthropogenic sources has been implemented for the treatment of wastewater
contaminated with heavy metals. The adsorbents typically used are the agricultural waste,
industrial byproducts, natural materials or modified biopolymers

Adsorption by Natural Materials (Zeolites)

The naturally occurring crystalline aluminosilicates are consist of the skeleton of tetrahedral
molecules associated with mutual oxygen atoms connect with each other. The ions exchange
capacity of zeolites builds them an appropriate applicant for the elimination of heavy metals.
Adsorption in the zeolite, in fact, a particular and reversible stuffing of crystal cages, so surface
area is not an important aspect. Zeolites consist of a broad range of species such as clinoptilolite
and chabazite. Amongst the dissimilar zeolites, clinoptilolite has been widely studied and was
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shown to have high selectivity for metals like Pb (11), Cd (I1), Zn (11) and Cu (I1). a number of
zeolites are customized throughout the earlier period a few years to boost their efficiency.
Clinoptilolite was found to be more effectively removing heavy metals owing to its ion
exchangeability, followed by pretreatment [5,7].

Clay

The three major group of clays: montmorillonite-smectite, kaolinite, and mica. The
montmorillonite has the maximum cation switch capacity and its fresh market value found to
be 20 times lesser as compared to activated carbon. Their heavy metals elimination capacity is
very less as compare to zeolites but their easy accessibility and economical properties give
back their less competence. Efficiency for heavy metal removal by clay could be better by
changing them to clay-polymer composites [8-10]

Peat moss

Plentiful in nature and has a very lofty organic content. Its big surface area (> 200 m2/g) and
high porosity make it an effectual agent for heavy metal elimination from wastewater. It was
seen that peat moss plays a significant role in the treatment of metal-bearing industrial effluents
such as Cu2+, Cd2+, Zn2+, and Ni2+ [11]. The adsorption ability of sphagnum peat moss was
found to be 128 mg of Cr6+/g at a pH range of 1.2-2.7. The most conspicuous advantage of
this adsorbent in treatment is the easiness of the system, low cost, and the ability to admit a
wide difference of effluent composition [12].Chitin: It is the next most profuse natural
biopolymer followed by cellulose. Chitin is a long-chain polymer of N-acetyl glucosamine, a
imitative of glucose. It is the main part of the cell walls of fungi, the exoskeletons of arthropods
such as crustaceans (e.g. lobsters, crabs, shrimps) and insects. It is used for the elimination of
numerous heavy metals in the past. Currently, Chitosan, which is produced by alkaline N-
deacetylation of chitin, is drawing an increased amount of study interest for its heavy metal
removal capability due to chelating property. It can be ready by treating shrimp and other
crustacean shells with the alkali sodium hydroxide. Chitosan has been used for the treatment
of Hg?+, Cu?+, Ni%+, Zn?+, Crb+, Cd?+, and Pb?+.

Adsorption by Agricultural Wastes

Using as adsorbents of agriculture by-products for removal of heavy metals from wastewater
it is increased these days. Number of studies has been focused On waste of plants mainly neem
bark rice husk[13,14], Black gram husk [15],tea waste, Walnut shell [16] etc. a few more
adsorbents like papaya wood [17], maize leaf [18], teak leaf powder [19], coraindrum sativum
[20], lalang (Imperata cylindrica) leaf powder [21], peanut hull pellets [22], sago waste [23],
saltbush (Atriplex canescens) leaves [24,25], tree fern [26-28], grape stalk wastes [29], etc. are
also study in aspect. The advantages of use of agriculture waste for wastewater treatment
comprise simple method, wants modern methods better adsorption skill, and selective
adsorption of heavy metal ions, Most of the studies were convene on plant wastes like rice husk
and neem bark [13,14], Black gram husk [15], Waste tea, Turkish coffee, Walnut shell [16] etc.
a few more adsorbents like papaya wood [17], maize leaf [18], teak leaf powder [19],
coraindrum sativum [20], lalang (Imperata cylindrica) leaf powder [21], peanut hull pellets
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[22], sago waste [23], saltbush (Atriplex canescens) leaves [24,25], tree fern [26-28], grape
stalk wastes [29], etc. are also studied in detail. The benefits of using agricultural wastes for
wastewater treatment include easy technique, needs modest processing, superior adsorption
ability, and selective adsorption of heavy metal ions, Inexpensive, easy availability and easy
revival. On the other hand, the use of raw agricultural wastes as adsorbents can also obtain a
number of harms such as small adsorption ability, eminent chemical oxygen demand (COD)
and biological chemical demand (BOD) as well as total organic carbon (TOC) due to free of
soluble organic compounds contained in the plant materials [30,31]. The increase in COD,
BOD, and TOC can cause reduction of dissolved oxygen (DO) content in water and can make
threats to the aquatic life. Therefore, plant Wastes require to be modified or treated ahead of
being applied for the Cleansing of heavy metals. Wheat bran, a by-product of wheat milling
industries show to be a good quality adsorbent for elimination of numerous types of heavy
metal ions which finally results in better efficiency of adsorption of copper ions as reported by
Ozer et al. [32]. Orange peel can be use for Ni (I1) removal from replicated wastewater [33].
likewise, Adsorption of divalent heavy metal ions mainly Cu2+, Zn2+, Co2+, Ni2+ Pb2 onto
acid and alkali treated banana and orange peels was performed by Annadurai et al. in 2002
[34].Activated Coconut shell carbon powder (ACSCP) and Activated charcoal powder (ACP)
is Use as adsorbent for removal of Lead from electrochemical industry Effluent [35].
Furthermore, factor like pH, temperature, Contact time, initial concentration of metal, agitation
rate, dosage of Adsorbent etc. affects the adsorption capacity [36].

Adsorption by Industrial Wastes

A variety of industrial wastes also has adsorption capacity and it can be use for adsorbing heavy
metals from wastewater. These industrial wastes are formed as a by-product and are used hardly
ever for any reason. The by-product nature renders it to be simply accessible and very cheap
also. These industrial wastes are originated to have good use as adsorbent. Adsorptive capacity
of these wastes could be enlarged followed by slight dispensation. Industrial by-products such
as fly ash [37, 38], blast furnace sludge [39, 40], waste slurry, lignin-a black liquor waste of
paper industry [41, 42, 43], iron (111) hydroxide [44, 45] and red mud [46,47] have been explore
for their technical possibility to eliminate toxic heavy metals from impure water. Some
adsorbents have been used for adsorption of Zinc from waste water. Some of the highest
adsorption capacities reported for Zn2+ are 168 mg/g powdered waste sludge, 128.8 mg/g dried
marine green microalgae,73.2mg/g lignin, 55.82mg/g cassava waste, and 52.91mg/g bentonite
[48]

Conclusion

The fresh universal trend to attain advanced environmental principles favors the usage of low
cost system for treatment of effluents. In the interim a variety of low cost adsorbent resulting
from agricultural waste or natural products have been widely examine for heavy metal removal
from infected wastewater. It has been found that after chemical or thermal change, agricultural
waste exhibited tremendous heavy metal removal capability. Concentration of adsorbate,
extent of surface alteration and adsorbent Characteristics are the factors responsible for metal
adsorption capability. Cost Effectiveness and technical applicability are the two significant key
factors for selecting effective low cost adsorbent for heavy metal elimination
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