IJSAT

International Journal on Science and Technology (IJSAT)
E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

A=

HEAVY METAL REMOVAL FROM
WASTEWATER BY USING WIDE RANGE OF
LOW-COST ADSORBENTS: A REVIEW

Shewate V.T*., Hunge S.S?

Department of Chemistry
Chintamani College of Science
Pombhurna (MS), India

Abstract:

In wastewater treatment, adsorption processes are widely employed to remove heavy metals. The
most popular adsorbent, activated carbon, provides the best results, but its application is limited by
its high cost. It is expensive to produce and regenerate. Since freshwater resources are scarce
worldwide, finding alternatives that decrease strain on existing resources is unavoidable. Since heavy
metals are dangerous even at trace concentrations, an eco-friendly approach to their removal requires
inexpensive adsorbents. Adsorption is a low-cost technique that has gained popularity due to its
minimal waste disposal requirements. The various adsorbents currently available on the market and
the adsorption process are the primary focus of this study. The low-cost adsorbents that explain
adsorption reaction conditions include both agricultural and industrial waste. Before choosing an
adsorbent, consideration should be given to its technical suitability, cost-effectiveness, or ease of
availability of raw materials with minimal adverse effects on the system. Research is novel in that it
discusses a variety of adsorbents and their effectiveness in eliminating heavy metals from wastewater.

Keywords: Activated carbon, Heavy metal, Adsorption, Low-cost adsorbents.

Introduction:

A major global concern is the rapidly increasing amount of water contamination resulting from the addition
of heavy metals from industrial processes. Heavy metal-containing effluents are produced by metallurgical,
mining, and mineral processing activities. The wastewater contains persistent and non-biodegradable heavy
metals. Additionally, they are soluble in water, making it simple for living cells to absorb them. They can
therefore be bioaccumulated or biomagnified in higher trophic levels as they enter food chain. If ingested
more than allowable levels, the heavy metals may cause major health problems. Given the circumstances,
heavy metal-containing industrial effluent needs to be treated before being discharged into environment.
Therefore, treating wastewater containing heavy metals economically is challenging task for scientists or
environmental engineers. Conventional techniques for eliminating heavy metals from wastewater involve
ion exchange, reverse osmosis, chemical oxidation, chemical precipitation, membrane separation,
electrodialysis, or more. These techniques are costly, inefficient, or energy-intensive. They are linked to the
production of hazardous sludge, whose disposal is costly and detrimental to the environment. Recently,
several techniques for safe or economical treatment of wastewater containing heavy metals were
investigated. Adsorption is a superior option to other treatment techniques. Its comparatively low cost
makes it both inexpensive and effective. Adsorption has emerged as a more effective alternative therapy
method. Its relatively cheap price makes it successful as well as cost-effective. Adsorption is the simplest,
safest, and most economical method for treating waste effluents that contain heavy metals, according to the
authors [1, 2]. The adsorption method for heavy metal removal offers several advantages, including a simple
design, lower startup and process costs, and fewer control system requirements [3]. Even at as little as one
mg/L of metal ion concentration in wastewater, adsorption works. Wastewater usually contains trace
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amounts of heavy metals. Thus, adsorption is useful and affordable technique of eliminating heavy metals
from wastewater. Adsorbents may come from organic, biological, or mineral sources. These could include
biomass, polymeric material, zeolites, agricultural waste, and industrial leftovers. Activated carbon is a
traditional adsorbent that was extensively utilized in various applications. Nevertheless, usage of activation
techniques in wastewater treatment is limited due to their high cost-effectiveness. The current research
project is to aid in search for low-cost or cost-effective natural adsorbents and their suitability for heavy
metal elimination or recovery from industrial wastewater.

Heavy Metals and Industrial Ravage Water

The effluent of many different sectors often contains free levels of heavy metals. Heavy metals (involving
nickel, chromium, vanadium, copper, platinum, cadmium, lead, zinc, silver, titanium) are produced in large
amounts as a result of electroplating or surface treatment procedures. Manufacturing of photographic film,
leather, pigment, tanneries, paint, wood processing, textile & dyes, or petroleum refining all contain
significant quantities of heavy metals in their wastewater. Animals as well as humans are both poisoned by
these heavy metal ions. Toxic metals can lead to physical discomfort, potentially fatal illnesses, and
irreversible harm to essential bodily systems [4]. Along the food chain, metals tend to bioaccumulate or then
biomagnify in aquatic environment. As result, higher trophic level animals are more vulnerable to the
negative effects of their toxicity. These twenty or so metals are nearly unbreakable and nearly indestructible.
The following heavy metals are harmful from an ecotoxicological perspective: nickel (Ni), lead (Pb),
chromium (Cr [VI]), zinc (Zn), mercury (Hg), cadmium (Cd), arsenic (As), etc. USEPA-recognized MCL
(Maximum Contaminant Level) criteria for a few heavy metals are displayed in the table below [5].
Significant consequences from these heavy metals include stunted growth, cancer, damage to vital organs,
brain damage, or, in certain situations, even death. Health risks linked to heavy metal poisoning are not new.
Overconsumption of heavy metals causes diseases in humans, such as fluorosis, arsenicosis, itai, and
minamata. Instead of treating enormous amount “of wastewater in an all-purpose sewage treatment facility”,
an organized technique of eliminating heavy metals from industrial effluents is to treat them on industrial
site before they are released. Therefore, it is beneficial to expand use of distinct handling “techniques for
removal of heavy metals from industrial effluents. Study into natural coagulants as an economical or
practical alternative treatment” approach for industrial wastewater that removes heavy metals is the focus of
the current position. (Table 1)

Table 1: The MCL standards for the most Hazardous heavy metals [5].

Heavy “Metal | Toxic MCL( Mg/L)

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

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

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

Cr)

Coppper( Cu) | Liver damage, Wilson's disease, insomnia 0.23

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

As previously discussed, adsorption has emerged as successful, cost-effective, as well as environmentally
responsible treatment technique. Its strong enough technique to meet industry-high effluent regulations and
water recycling requirements. Substance is changed from liquid phase to surface of solid by process called
as adsorption, where its bound by chemical or/and physical interactions [5]. Small number of liquid phase
constituents are moved to solid adsorbents' surface during this division process. Solid-liquid equilibrium or
mass transfer rates are essential to all adsorption processes. There are three possible adsorption processes:
semi-batch, batch, or continuous. Adsorption at the molecular level is majorly caused by attractive surfaces
among group being absorbed and a surface. The sorts of intermolecular attractive forces that could lead to
adsorption include the following:

Physical Adsorption

It happens frequently in any system that combines liquids and solids or solids and gases. The adsorbate
sticks to adsorbent surface during physical adsorption because of van der Waals forces of attraction. Almost
nothing disturbs atom's or molecule's electronic structure.

Chemical Adsorption

In this kind of adsorption, adsorbent or adsorbate undergo a chemical reaction. Covalent and ionic electronic
bonds are two new forms that are produced by strong interaction among adsorbate and substrate surface.
Active adsorption is another term for chemical adsorption. A monolayer may form from the adsorbate. In
catalytic processes, it is employed. Generally speaking, the primary processes in which contaminants are
adsorbed onto solid adsorbents are: Transfer of toxins from bulk solution to outside surface of adsorbent.
Through pore diffusion, mass is moved from adsorbent's outer surface to leaky structure's inner surface.
Adsorbate is adsorbed on active sites of adsorbent's holes. Since last stage of adsorption is quicker than the
previous two, intraparticle diffusion, film formation, or both can often affect rate of adsorption.

Low-Cost Adsorbents

Utilization of low-price adsorbents to remove heavy metals is more hopeful in the long run because there
are numerous easily accessible and reasonably priced materials that can be used as inexpensive adsorbents,
involving industrial by-products, natural materials, agricultural wastes [6]. High selectivity to facilitate
quick or simple separations, good transport or Kinetic characteristics, fouling resistance, mechanical
strength, revival capacity, or low solubility in liquid in contact are all necessary for an adsorbent to be
economically successful. Compared to traditional technique of heavy metal removal, adsorption process
offers numerous benefits. The adsorption process has several advantages, including (I) being economical,
(1) having metal selectivity, (I11) being regenerative, (IV) not producing hazardous sludge, (V) having
metal recovery, —above all—being effective. There are several inexpensive adsorbents that come from both
natural and man-made sources that were utilized to clean wastewater that contains heavy metals. Common
adsorbents involve natural materials, modified biopolymers, industrial wastes, and agricultural waste.

Adsorption by Natural Materials (Zeolites)

Tetrahedral molecules joined by mutual oxygen atoms form the backbone of naturally occurring crystalline
aluminosilicates. Zeolites' ability to exchange ions makes them suitable candidate for removing heavy
metals. Surface area is not a significant factor since adsorption in zeolite is actually specific or reversible
filling of crystal cages. Zeolites include a broad range of species, including clinoptilolite, chabazite.
Clinoptilolite has been extensively researched among the dissimilar zeolites and has demonstrated strong
selectivity for metals involving Pb (I1), Zn (I1), Cu (Il), Cd (II). To increase their effectiveness, several
zeolites have been modified over the past few years. Because of its ion exchangeability, clinoptilolite has
been shown to be more successful at eliminating heavy metals than pretreatment [5,7].
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Clay

The 3 main clay groups are kaolinite, montmorillonite-smectite, and mica. In comparison to activated
carbon, montmorillonite has highest cation switch capacity or a 20-fold lower fresh market value. Compared
to zeolites, they have a far lower capacity to remove heavy metals, but their affordability and ease of use
make up for this. Switching to clay-polymer composites could increase the effectiveness of clay's heavy
metal removal process.[8-10].

Peat moss

It is abundant or contains high amount of organic matter. Its large surface area (greater than and equal to
200 m? per g) as well as high porosity make it an active wastewater heavy metal removal agent. For
treatment of metal-bearing industrial effluents, including Zn2+, Ni2+, Cd2+, Cu2+, peat moss has been
observed to be important [11]. In the pH range of 1.2-2.7, sphagnum peat moss has been reported to have an
adsorption capacity of 128 milligrams of Cr6+/g. This adsorbent's most obvious benefits in treatment are its
inexpensive cost, ease of use, and capacity to accept a broad range “of effluent composition [12].Chitin:
After cellulose, its next most abundant natural biopolymer. Chitin is long-chain polymer of N-acetyl
glucosamine” that functions similarly to glucose. It is the primary component of the exoskeletons of
arthropods, including crustaceans (involving crabs, lobsters, shrimp), insects, and fungal cell walls. In the
past, it was used to eliminate variety of heavy metals. More research is being done on chitosan, that is
formed by alkaline N-deacetylation of chitin, due to its chelating qualities, which enable it to eliminate
heavy metals. Shrimp and other crustacean shells can be prepared by using sodium hydroxide, an alkali. The
following elements have been treated with chitosan: Cu2+, Ni2+, Hg2+, Zn2+, Cd2+, Cr6+, Pb2+.

Adsorption by Agricultural Wastes

These days, more and more agricultural by-products are being utilized as adsorbents to eliminate heavy
metals from wastewater. Numerous researchers have examined plant waste, particularly neem bark. “Black
gram husk [15], tea waste, walnut shell [16], rice husk [13,14], etc. Additional adsorbents are also being
studied, such as 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. The “selective adsorption of
heavy metal ions, enhanced adsorption abilities, or simplicity of use are some advantages of utilizing
agricultural waste for wastewater treatment. Plant wastes involving neem bark and rice husk [13,14], black
gram husk [15], waste tea, Turkish coffee, walnut shell” [16], etc., were the subject of the majority of the
investigations. Several other adsorbents are also thoroughly examined, including “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. Using” agricultural wastes to treat wastewater has several advantages, involving
requiring little processing, being simple to use, having a high adsorption capacity, selectively adsorbing
heavy metal ions, being inexpensive, readily available, and easily revived. However, using unprocessed
agricultural wastes as adsorbents can also result in several negative effects, including reduced adsorption
capacity, elevated COD and BOD levels, and total organic carbon (TOC), because the plant materials
contain soluble organic compounds [30, 31]. The dissolved oxygen (DO) content of water may decrease as a
result of rising COD, BOD, and TOC levels, endangering aquatic life. Consequently, before being used to
clean heavy metals, plant wastes must be altered or treated. According to Ozer et al. [32], “wheat bran, by-
product of wheat milling industry, is high-quality adsorbent for the elimination of various heavy metal ions,
that eventually” leads to improved copper ion adsorption efficiency. Ni (I1) can be extracted from simulated
wastewater utilizing orange peel [33]. Similarly, Annadurai et al. (2002) carried out “adsorption of divalent
heavy metal ions, primarily Zn2+, Ni2+, Cu2+, Co2+, Pb2+, onto” banana as well as orange peels that had
been treated with acid and alkali [34]. Lead is removed from electrochemical industry wastewater using
activated charcoal powder (ACP) and ACSCP (activated coconut shell carbon powder) as adsorbents [35].
Additionally, adsorption capacity is affected by variables involving temperature, “pH, initial metal

1JSAT22047249 Volume 13, Issue 4, October-December 2022 4



https://www.ijsat.org/

IJSAT

International Journal on Science and Technology (IJSAT)

= E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org
w

concentration, contact time, adsorbent dosage”, agitation rate, etc [36].

Adsorption by Industrial Wastes

Ability “to adsorb heavy metals from wastewater” is also present in a range of industrial wastes. These
industrial wastes are rarely employed for any purpose and are created as a by-product. Because it is a by-
product, it is easily accessible and reasonably priced. The purpose of these industrial wastes is to serve as
effective adsorbents. These wastes could have their adsorption capacity increased and then slightly
dispersed. The technical potential of “industrial by-products such as fly ash [37, 38], blast furnace sludge
[39, 40], waste slurry, lignin—black liquor waste from the paper industry [41, 42, 43], iron (I11) hydroxide
[44, 45], and red mud [46, 47] to remove dangerous heavy metals from impure water has been investigated.
Zinc” was adsorbed from wastewater using a variety of adsorbents. “73.2 mg per g of lignin, 168 mg per g
of powdered waste sludge, 128.8 mg per g of dried marine green microalgae, 55.82 mg per g of cassava
waste, 52.91 mg per g of” bentonite are some of the greatest Zn2+ adsorption capabilities that have been
documented [48].

Conclusion

The recent global push to meet improved environmental standards encourages use of low-price wastewater
treatment devices. Meanwhile, a variety of inexpensive adsorbents “derived from natural resources or
agricultural waste were thoroughly investigated for removal of heavy metals from wastewater that has been”
contaminated. Agricultural waste were shown to have exceptional heavy metal removal capabilities
following chemical or thermal transformation. The parameters that determine metal adsorption capabilities
are adsorbent characteristics, adsorbate concentration, and the degree of surface change. The two most
important criteria for choosing an efficient low-price adsorbent for heavy metal elimination are cost
effectiveness and technical applicability.
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