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Abstract: Researchers today exhibit great enthusiasm for utilizing agro-waste and mineral-based adsorbents to
eliminate heavy metal ions from aqueous solutions as well as industrial effluents. Adsorbents, which are solid
materials, play a crucial role in eliminating impurities such as heavy metals from water—substances hazardous
to both human state as well as the environment. The environment is a precious gift from God to all living beings,
and safeguarding the earth's natural resources through careful planning and management is essential for the
well-being of present and future generations. However, the growing population and unregulated exploitation of
natural resources have led to severe pollution problems, posing significant hazards to life. Modern societies face
critical challenges in wastewater management due to high population densities and large-scale industrialization.
On a routine basis, wastewater from industries and domestic sources contributes to effluents that heavily pollute
receiving water bodies, placing an immense burden on water quality management systems. Based on a review of
the literature, future perspectives and conclusions have been presented, along with proposed directions for further
research to address these pressing issues.
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I.  Introduction:

The discharge from various industries contains both inorganic and organic hazardous waste, including
heavy metal ions that are highly toxic and oncogenic, posing significant risks to humans and other living
organisms [1,2,3]. Common heavy metal ions found in industrial waste include nickel, cadmium, lead, zinc,
arsenic, copper, chromium, and mercury [4]. Heavy metals are defined as a class of metals or metalloids with
atomic weights ranging from 63.50 to 200.60 g/mol and densities exceeding 5.0 g/cm? [5,6]. Examples include
arsenic, lead, nickel, mercury, chromium, cadmium, silver, zinc, platinum, iron, palladium, and copper. Water
contamination by heavy metals is primarily caused by industrial activities such as fuel combustion, mineral
processing, mining, metallurgical operations, explosive manufacturing, electroplating, paper production, paint
manufacturing, battery production, pigments, and photographic materials [7,8].

In India, the permissible limits (ppm or mg/mL) for hazardous metals like arsenic, mercury, lead, zinc,
cadmium, chromium, nickel, and copper are 0.050, 0.00003, 0.006, 0.80, 0.01, 0.05, 0.20, and 0.25, respectively
[9]. Various treatment technologies are employed to remove heavy metals from wastewater, including adsorption
[10], nanofiltration, electrodialysis, membrane separation [11], reverse osmosis, ultrafiltration, chemical
precipitation, reduction, ion exchange, oxidation, and ion flotation [12]. Among these, adsorption stands out as
the most effective method due to its cost-effectiveness and eco-friendly nature. Other methods often generate
large amounts of mud, have low yield, require critical operative provisions, and involve high disposal costs.
Adsorption is particularly attractive because cost-effective adsorbents can be synthesized from agricultural waste.
Consequently, adsorption has emerged as a viable, economical, and environmentally friendly alternative for
wastewater treatment. Heavy metals are non-biodegradable and can bioaccumulate through food chains, causing
severe impacts on living organisms [13]. This process is advanced, adaptable, and reversible, allowing for the
regeneration and reuse of adsorbents.

The efficiency of adsorption determined by the number of active sites on the surface, which are attributed
to the presence of potential functional groups such as hydroxyl (-OH), carboxyl (-COOH), amino (-NH>), and
sulfonyl (-SO3H) on the adsorbent surface [14]. The toxicity and permissible limits of specific heavy metals, as
defined by the International Organization, World Health Organization (WHO), are summarized in Table 1.
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Table-I: Heavy metal ions, permissible limits and their adverse effect according to World Health Organizations

S. No. Toxic Metals Acceptable Limit Health Hazards
(mg/L) (WHO)

1. Cobalt (Co) 0.100 Harmful to the thyroid as well as liver, respiratory issues, Asthma like allergy,
carcinogenic, injurious to the heart [15].

2. Lead (Pb) 0.050 Increased risk of high blood pressure, neurological problems, hematological
effects, renal effects, vomiting, cardiovascular effects [16].

3. Chromium (Cr) 0.050 Headache, liver and kidney disease diarrhoea, internal bleeding, Nasal septum
perforation and ulceration, vomiting, lung and skin cancer [17].

4. Arsenic (As) 0.010 Cardiovascular diseases, lung, Skin, kidney, and bladder cancer, skin lesions,

neurological disorder, nervous system disturbances, muscular weakness and
nausea etc. [18].

5. Zinc 5.000 Reduced immune functioning, Depression, Dizziness and headaches, lethargy,
anemia, neurological problems, dehydration and loss of apetite [19].

6. Mercury (Hg) 0.001 Kidney damage, Neurological problem, eye staining, paralysis, digestive
problems, rheumatoid arthritis, lungs and skin damage and anorexia [20].

7. Copper (Cu) 2.500 Wilson disease (autosomal recessive disorder), Insomnia, neurodegeneration,
Liver problems, [21].

8. Cadmium (Cd) 0.003 Respiratory problems, Kidney damage due to formation of kidney stones, renal
disorder, risk of lung cancer, emphysema [22].

9. Nickel (Ni) 2.000 Kidney and cardiovascular diseases, Dermatitis, skin irritation, nausea,
gastrointestinal problems, chronic asthma, and cancer [23].

10. Iron (Fe) 0.300 Aesthetic based problems, harmful to pancreas, liver and heart., Brittle nails,
Tinnitus, Gastrointestinal problems [24].

11 Manganese (Mn) 0.500 Nervous system damage, motor disfunction, permanent brain damage,

Parkinson disease and respiratory effects [25]

The elimination of heavy metals or ions has consistently been a challenging task for researchers or
inventors, as potential adsorbents are essential for their removal. Agricultural-based adsorbents offer several
advantages over conventional chemical-based sorbents in water treatment processes. These include
biodegradability in natural and environmental settings, large surface area, abundance in nature, high affinity to
adsorb hazardous metal ions, suitable pore dimensions, increased mechanical strength, and compatibility.
Additionally, they are easily accessible, recyclable, low-cost, eco-friendly, and have simple synthesis processes.
Their structures possess a excessive surface area-to-volume ratio and multifarious active binding sites, such as —
NH,, —COOH, —SH, and —OH groups, which enable effective adsorption of heavy metals under specific conditions
[26, 27].

Adsorption primarily depends on the interaction of amino, hydroxyl, and carboxylic groups on the
adsorbent’s surface with hazardous metal ions, including lead (Pb?*), chromium (Cr*"), and copper (Cu?") cations
[28,29].

Currently, there have been a improved interest in naturally occurring non-conventional biomass as well
as organic adsorbents and low-cost materials derived from agricultural wastes. Examples include rice husks,
sugarcane bagasse, cotton, kapok fibers, and various types of fruit wastes or peels such as apple pomace, banana
peels, and orange peels. These materials have been effectively used in environmental remediation [30, 31, 32], as
summarized in Table II. They are derived from sustainable sources and are cost-effective, non-toxic, non-
corrosive, and fully active in recycling processes

Table-1I: Different Types of Agriculture Waste Based Adsorbents immersed for the exclusion of Heavy Metals
or lons from Wastewater or Industrial effluent

S. No. Sorbents Adsorbent Adsorbent Mode Adsorption References
site Capability (mg/g)

1. Coconut exterior shell Cellulose Modified/Transformed 2.48 [33]
2. Rice based husk Cellulose Modified/Transformed 6.0-9.0 [34]
3. . Natural/Raw +

Wool based fibre Keratin Modificd/Transformed 12.0 [35]
4. Corn cob Cellulose Modified/Transformed 4.21-7.80 [36]
S. Green macroalgae Cellulose Modified/Transformed 19.38-23.08 [37]
6. Hazelnut shells Cellulose Modified/Transformed 413 [38]
7. Coconut fibre Cellulose Modified/Transformed 13.2-14.0 [39]
8. Pineapple leaf waste Cellulose Modified/Transformed 37.9 [40]
9. Wheat straw Cellulose Modified/Transformed 41.84 [41]
10. Sunflower stalk Cellulose Modified/Transformed 39 [42]
11. Papaya seed Cellulose Modified/Transformed 3575;‘63 [43]
12. Sugar beet pulp Cellulose Modified/Transformed 73.53 [44]
13. Palm shell Cellulose Modified/Transformed 83.33 [45]
14. Wheat bran Cellulose Modified/Transformed 62 [46]
15. Chicken feathers Keratin Modified/Transformed 6.1 [47]
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e Sunflower stalk Cellulose st e e 16892 '8900 [48]
17. Palm ash Cellulose Modified/Transformed 61 [49]
18. 46.09
Mango peel Cellulose Modified/Transformed 39.75 [50]
28.21
19. Cotton fibre Cellulose Modified/Transformed 25-75 [51]
20. Orange peel Cellulose Modified/Transformed 200 [52]
21. Sugarcane bagasse Cellulose Modified/Transformed 38.03 [53]
22. Cashew nutshell exterior Cellulose Modified/Transformed 22.11 [54]
23. Rice husk Cellulose Modified/Transformed 15.0 [55]
24. Paper waste Cellulose Modified/Transformed 29.67 [56]
25. Bamboo powder from leaf | Cellulose Modified/Transformed 28.1 [57]
26. Vegetable based fibres Cellulose Natural/Raw 85.0 [58]
27. Silk based fibre Cellulose Modified/Transformed 46.83 [59]
28. Wastepaper Cellulose Modified/Transformed 24.4 [60]
29. Hazel nutshell Cellulose Modified/Transformed 28.18 [61]
30. Kapok fibre Cellulose Modified/Transformed 46.9-58.8 [62]
31. Banana Cellulose Modified/Transformed 5 [63]
32. Wheat straw Cellulose Modified/Transformed 6.91 [64]
32.40
33. Banana peel Cellulose Modified/Transformed 68.92 [65]
99.09
34. Rice husk Cellulose Modified/Transformed 6.22 [66]
35. Sugarcane bagasse Cellulose Modified/Transformed 13.72 [67]
36. Chicken feathers Keratin Modified/Transformed 50.0 [68]
37. Pigeon feathers Keratin Modified/Transformed 30.0 [69]
38. Rice husk Cellulose Modified/Transformed 19.66 [70]
39. Corn stalk Cellulose Modified/Transformed 21.37 [71]

Different Types of Agriculture Waste Based Adsorbents Employed for the Elimination of Heavy
Metals or Ions from Sewer water or Industrial effluent
There are several types of Agriculture Waste Based adsorbents that are employed for the elimination of
heavy metals or ions from sewer water/wastewater or industrial effluents. Some of them are explained as follows:
A variety of agricultural wastes or residues have been transformed or impregnated using surfactants [ 72—
75]. Surfactants are the substances that are amphipathic in nature and contains both lyophobic (water-repelling)
and lyophilic (water-attracting) groups, enabling them to form self-assembled or self-involved clusters. Based on
such type of hydrophilic groups that they possess, surfactants are categorized in three types: (i) cationic surfactant
that have positive charge, (ii) anionic surfactant that have negative charge, (iii) non-ionic that have no apparent
charge and generally called zwitterion (exhibits both positive and negative charges). These unique properties make
surfactant-transformed or modified adsorbents more advanced in elimination efficiency and effective for selective
adsorption [76,77].

Transformed Sugarcane Bagasse as an adsorbent:

Sugarcane bagasse is a residual product of agricultural waste, is made up of primarily of 23% lignin,
50% cellulose, and 27% polyoses. It is the solid residue or fibrous material left after the extraction of sugarcane
juice. Due to its biological polymeric components, sugarcane bagasse is well abundant in phenolic as well as
hydroxyl groups. Such types of functional groups can be transformed chemically to enhance its adsorption
capability [78].

The sugarcane bagasse was analyzed for X-ray diffraction (XRD) and this analysis exhibits a minimum
intensity at the shoulder peaks (20 = 16°—18°), corresponding to the amorphous part of cellulose, and a prominent
peak at 26 = 19°-25°, which indicates the crystalline nature of cellulose. Sugarcane bagasse is obtained from both
the external rind and internal pith [79] and can be utilized in its natural form or chemically transformed form.

Sugarcane bagasse is widely used as a inexpensive biosorbent for the elimination of heavy metal ions or
dyes from sewer water/wastewater and industrial effluents. However, it has certain limitations. Fresh sugarcane
bagasse has relatively low adsorption capacity and must be purified and pretreated to remove surface impurities.
Chemical treatments with various reagents can significantly improve its adsorption performance, although these
treatments increase the overall cost of the process.

Ahmad et al. (2013) demonstrated the elimination of chromium metal ions using chromium-resistant
bacteria as well as Acinetobacter haemolyticus, embedded in sugarcane bagasse. This bacterium transforms toxic
Chromium (VI) into less toxic and less soluble Chromium (III), achieving over 90% elimination [80].
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Chemical Modifications for Improved Adsorption

Chemical reagents used for modifying sugarcane bagasse include:

Acids- Nitric acid, sulfuric acid, phosphoric acid, and pyromellitic anhydride.

Chelating Agents- Ethylenediamine tetraacetic acid dianhydride (EDTAD), succinic anhydride, citric acid, and
xanthate.

Other Chemicals- Ethylenediamine and sodium bicarbonate.

These chemicals function as excellent chelating agents. When chemically bound or polymerized with sugarcane
bagasse, such types of transformations maximize the active adsorption sites, facilitating the removal of hazardous
metals or ions from wastewater. Garg et al. treated residuals of sugarcane with 1,4-butanedioic acid and achieved
92% chromium removal with reference to optimal pH of 2 [82]. Cronje et al. reported over 87% chromium
removal via treating sugarcane bagasse using ZnCl, (zinc chloride) with reference to optimal pH of 8.58 [83].

Table-111: summarizes the potential applications of sugarcane bagasse as adsorbent, particularly for the elimination
of chromium from sewer water/wastewater.

Adsorbent Metal Ions Ideal pH | Adsorbent | Adsorbent | Elimination | References
Concentration (mg/L) dose (g/L) | Capability percentage
(mg/g) (%)
Acinetobacter ~ haemolyticus 10-100 7 - - >90 [80]
bacteria present in the interior
of sugarcane bagasse
1,4-Butanedioic acid 50.0 2.0 20 - 92.0 [81]
transformed sugarcane bagasse
Sugarcane bagasse activated by 77.5 8.58 6.85 - > 87 [82]
the use of zinc chloride

Transformed Orange Peel Residue or Waste as Adsorbent

Orange peel as an adsorbent has been effectively employed for the elimination of chromium ions from
sewer water or industrial effluent. This is attributed to its composition, which primarily includes lignin, cellulose
(22%), polyphenols (28%), hemicellulose (11%), and pectin (galacturonic acid) (25%) [84]. These components
impart various functional groups and coordinating sites, such as carboxylic (-COOH) and phenolic acid groups,
that facilitate the adsorption of hazardous metals. Additionally, residual orange peel is considered pleasant
adsorbent due to its abundant availability, inexpensive and eco-friendly nature [83]. The Orange peel has not fixed
chemical composition which depending on factors such as variety, weather, soil properties, location, ripening
time, maturity level as well as planting conditions [84]. According to Mafra, orange peel predominantly contains
97.80% organic content, including oxygen, carbon, starch, hydrogen, fiber, nitrogen, sulfur as well as sugars,
along with minor amounts of ash and cellulose chloride [85].

Bampidis validated these findings, revealing that the dehydrated part of residual orange peel is primarily
composed of organic content [86]. It contains small chains of acids as organic with not more than four number of
carbons, as well as proteins. Other studies have proposed that residual orange peel comprises of dissolved sugars,
cellulose, starch as well as fiber, hemicellulose, lignin, pectin, ash, protein, fat, and about 1% organic acids [87].
As summarized in Table IV, the chemical components of residual orange peel indicate that it is primarily
composed of organic matter, making it a valuable material for adsorption applications.

Table-1V: Elemental Chemical constitution of orange peel

Chemical Constitution Mass (%) [87] Mass (%) [88] Mass (%) [89]
Carbon 49.590 44.500 47.000
Calcium - - B
Oxygen 39.700 47.300 44.710
Sodium - - -
Chloride 0.001 - 0.001
Potassium - - -
Sulphur 0.060 0.400 0.090
Nitrogen 0.660 1.500 1.300
Water 2.730 - -
Hydrogen 6.950 6.100 6.000
Ash 3.050 4.000 -

The chemical constitution of orange peel has been studied extensively for its application as a
bioadsorbent. As per Marin et al. investigated the roles of three such functional groups (-NH», -COOH, and -OH)
in chromium elimination (2010). The study belonging to them, the residual orange peel bioadsorbent was
chemically transformed through methylation, esterification, and acetylation processes to selectively block and
hinder specific functional groups [90]. Their findings revealed that the esterification process significantly reduced
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the adsorption capability, suggesting that the some of active functional groups like carboxylic acid (-COOH) exists
or readily available in the adsorbent are crucial for metal ions elimination like chromimum. In contrast, the -NH»
as well as -OH groups were found to have very minor effects. The highest adsorption capability was disclosed by
the research scientists was 40.60 mg/g of chromium biosorbed onto pre-processing residual orange peel in one as
well as other single or binary mixtures [91]. The elimination percentage and adsorption capability was obtained
4.79 mg per g with 51 % in single phase and for binary system it was increased up to 7.60 mg per g with 79 % for
chromium elimination which is prepared by impregnating iron nano-particles with residual orange peel pith [90].
It was reported that using such composite, the capability of adsorption as well as elimination percentage are 5.37
mg per g, 71.0% respectively evaluated against orange peel that is 1.90 mg per and 34% [92]. Table V provides a
detailed analysis of the narrated usage of refined orange peel residue or waste for chromium elimination as
adsorbent from wastewater or industrial effluents.

Table-V: Chromium elimination using Transformed Orange Peel

Adsorbent Metal Ions Ideal Adsorbent Adsorbent Elimination References
Concentration pH dose (g/L) Capability percentage (%)
(mg/L) (mg/g)

Pre-treated residual orange 10 3.0 10.0 40.56 82 [91]
peel

Transformed orange peel 0-500 4.0 4.0 4.79,7.60 51,79 [90]
Orange peel with composites 10-50 1.0 5.0 1.90, 5.37 34,71 [92]

of Iron nano-particles

Transformed Wheat Bran

Wheat bran, a byproduct obtained from agriculture and isolated from the exterior part of wheat seeds
during flour milling, is widely recognized for its applications in eliminating heavy metal ions from sewer water/
watsewater as well as effluents generated from industries, particularly for chromium ion elimination. As the most
widely cultivated cereal globally, wheat provides an economical, biodegradable, and nutrient-rich resource for
such applications. Wheat bran is also viable and cost-effective for use as a biosorbent due to its different functional
moieties and 442 m?/g as large surface area, along with a carbon part of 31.80%. According to Ravat et al., The
functional moieties present in wheat bran—such as carbonyl (-CO), methoxy (-OCHs3), hydroxyl (-OH), and
phenolic groups—exhibit strong binding capabilities for heavy metal ions. Whlie Farajzadeh and Monji reported
that untransformed wheat bran could eliminate chromium with a topmost adsorption capability of 92.9 mg/g and
an elimination efficiency of 88.9%. Advancements in transforming wheat bran have further improved its
adsorption efficiency. Ozer et al. (2006) chemically modified wheat bran using sulfuric acid (H2SO4), which
enhanced its chromium adsorption capacity to 132.9 mg/g at an optimal pH of 1.50. Similarly, Kaya et al.,
employed 2,3-Dihydroxybutanedioic acid to transform wheat bran. They observed a significant increase in
chromium removal efficiency, from 51% without transformation to 90% after transformation. The adsorption
capacity improved from 4.50 mg of Cr (VI) to 5.30 mg of Cr (VI) at an ideal pH of 2.2. A comparative analysis
summarized in Table VII highlights the efficiency of transformed wheat bran as a cost-effective adsorbent for
chromium elimination. The bio-sorption capability of wheat bran and its transformed variants makes it a promising
material for environmental remediation efforts.

Table-VI: Chromium Elimination by using transformed Wheat Bran

Adsorbent Metal Ions Ideal pH | Adsorbent Adsorbent Elimination References
Concentration dose (g/L) Capability percentage (%)
(mg/L) (mg/g)
Raw Wheat bran 20 5.0 80.0 93 89.0 [93]
Wheat bran transformed by 50, 100 1.5 2.0 133 99.9 [94]
the use of sulfuric acid
Wheat bran transformed by 52 2.0,2.2 20 5.28 90.0 [95]
the use of 2,3-
Dihydroxybutanedioic acid

Rice Husk:

Rice husk, a bio-based adsorbent material, is widely recognized for its effectiveness in pollutant removal.
As a low-cost and renewable resource, it represents the primary agricultural waste generated during rice
processing. The composition of rice husk includes mineral ash (15.1%), lignin (21.4%), cellulose (32.2%), and
hemicellulose (21.3%) [96]. Its granular structure, combined with chemical sturdiness and superior mechanical
strength, makes it particularly suitable for such applications [97]. Silica can be extracted from residual rice husk
using the wet chemical method, demonstrating a strong affinity for chromium [98]. Residual rice husk may be
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employed both in its raw form and in chemically transformed forms, such as activated carbon produced via ozone
treatment. Studies comparing these forms show that chemically transformed rice husk exhibits higher efficiency
in chromium (VI) removal [99,100]. Ozone, a stable and powerful oxidizing agent, is commonly employed for
activating rice husk. It can also be regenerated, enhancing the material’s adsorptive properties. In addition, residual
rice husk may be transformed into biochar, a high-carbon solid material obtained through the pyrolysis of rice
husk at low temperatures and in the absence of oxygen [101-106]. Scientists has expressed that ozone-treated
residual rice husk significantly improves chromium removal compared to raw rice husk. For instance, Sugashini
and Begum (2015) achieved 86% chromium elimination by transforming rice husk into activated carbon using
ozone treatment [100]. In summary, rice husk—whether in its raw, ozone-transformed, or biochar form—serves
as an effective and eco-friendly adsorbent for chromium removal, offering promising potential for wastewater
treatment applications

Table-VII describes the indicated the usage of residual rice husk for elimination of heavy metal ions of
chromium from wastewater/ sewer water or industrial effluent.

Adsorbent Metal Ions Ideal pH Adsorbent Adsorbent Elimination References
Concentration dose (g/L) Capability percentage (%)
(mg/L) (mg/g)
Ozone-transformed 50.0, 100.0 2.0 4.0 8.7-13.1 86.0 [100]
rice husk
Transformed  rice 190.0, 850.0 6.8 1-16 - 95.0 [106]
husk

Transformed Sawdust

Sawdust is a waste product or by-product generated from woodworking operations such as sawing,
sanding, milling, and routing. It consists of very small wood chips. Sawdust has gained significant importance in
the adsorption of wastewater/sewer water pollutants or industrial effluents because of several groups that are
functional in its structure, including hydroxyl (-OH) group, carboxyl (-COOH) group, phenolic groups well as
amide groups (-CONHa). These groups are highly favorable for adsorbing various types of dyes [107].

Additionally, the adsorption power of sawdust can be enhanced through chemical transformations using
acids and bases. Sawdust has been widely employed as an adsorbent for the elimination of heavy metal ions,
showing promising results in elimination processes [108].

For example, Politi & Sidiras utilized pine sawdust treated with 0.10-3.60 N H>SOa (sulfuric acid) to
remove chromium, achieving a topmost adsorption capability of 20.28 mg/g and an 86% elimination efficiency at
an optimal pH of 2 [109]. Similarly, Argun et al. (2007) treated oak sawdust (Quercus coccifera) with hydrochloric
acid to enhance its adsorption properties for chromium removal [110].

This acid treatment creates additional active sites while preventing the leaching of tannin compounds,
which could otherwise stain treated water. The study reported a topmost elimination efficiency of 84.0% for Cr
(VI) and an adsorption capability of 1.70 mg/g at an optimal pH of 3.

Table-VIII highlights the applications of transformed sawdust as an adsorbent for the elimination of metal ions
of chromium from wastewater/sewer water and industrial effluents.

Adsorbent Metal Ions Ideal Adsorbent Adsorbent Elimination | References
Concentration pH dose (g/L) Capability percentage
(mg/L) (mg/g) (%)
Sulfuric acid transformed 15-75 2.0 4.0 20.3 - [109]
pine sawdust
Hydrochloric acid 0.1-100 3.0 60 1.70 84 [110]
transformed oak saw dust
(Quercus coccifera)

Transformed Coconut Waste Material

Coconut waste, or husk, possesses advantageous properties such as configurational stability, porous
structure, and high adsorption capacity, making it a suitable adsorbent for wastewater treatment. Coconut waste
is commonly obtained from coconut milk processing markets. In India alone, approximately more than 6.5
megatons of coconut are produced annually [111]. The primary constituents of raw coir pith include fats (1.80%),
cellulose (38.0%), lignin and resin (25.20%), pentosans (7.50%), ash content (8.70%), and moisture content
(11.90%). Among low-cost adsorbents, coconut-based materials like coconut husk, coconut shell fiber, and coir
pith have demonstrated excellent adsorption capabilities for removing hazardous pollutants from industrial
effluents and wastewater.

The sorption properties of coconut waste stem from the existence of functional groups that are
coordinated including hydroxyl (-OH) as well as carboxyl (-CO) groups [112]. Coconut shell and coir pith are
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particularly effective in removing heavy metals or ions. For example, Namasivayam and co-workers transformed
coir pith using cationic surfactant cetyltrimethyl Ammonium Bromide for the elimination of heavy metal ions of
chromium. They reported an optimum elimination efficiency exceeding 90.0% at an ideal pH of 2, with the highest
adsorption capability recorded at 75.30 mg/g [113].

Similarly, according to Shen et al. achieved a maximum chromium ion removal efficiency of 70% using coconut
coir and its derived char [114].

Table-IX summarizes the applications of transformed coconut waste as an effective adsorbent for chromium

elimination.
Adsorbent Metal Ions Ideal Adsorbent Adsorbent Elimination References
Concentration pH dose (g/L) Capability percentage
(mg/L) (mg/g) (%)

Transformed coir pith 25-95 2.0 50.0 76.30, 1.24 Greater than 90 [113]
by the wuse of

cetyltrimethyl

Ammonium Bromide

Derived char as well 10-450 3.0 1.0 70.40 70 [114]

as coconut coir

Activated Carbon:

Activated carbon is an inert carbon matrix with microporous, and heaving increased outer surface arca
wich is ranging from 650 to 14500 m?/g, making it ideal for adsorption. It is the mainly the first category of
adsorbents physically, encompassing with the extensive range of adsorbents with different types of properties.
Due to its unique characteristics, activated carbon exhibits an exceptional ability to capture water-dissolved
contaminants through adsorption, a process based on surface interactions between contaminants and the graphitic
platelet surfaces of carbon.

Activated carbon is particularly effective in eliminating chromium metal due to its enhanced structure,
porosity, and additional innermost surface area for adsorption. Karthikeyan studied the removal of chromium
metal ions from wastewater/sewer water by the use of activated carbon which is isolated from sawdust rubber
wood, attaining an adsorption capability of 44 mg/g at an optimal pH of 2. This capacity was enhanced in
comparison to other types of adsorbents, for example coconut tree sawdust (3.60 mg/g), coconut shell carbon
(10.88 mg/g), sugarcane bagasse (13.40 mg/g), and transformed sawdust of Indian rosewood (10 mg/g).

In another study, Kobya (2004) synthesized activated carbon from hazelnut shells, achieving a topmost
adsorption capability of 170 mg/g at an ideal pH of 1. This capacity surpassed the adsorption capabilities of other
adsorbents, such as wood activated carbon (87.6 mg/g), tyre activated carbon (58.5 mg/g), and coconut shell
activated carbon (107.1 mg/g).

Table-X explains with brief summary for the indicated usage of activated carbon for the elimination of
chromium meta ions from effluent or wastewater.

Adsorbent Metal Ions Ideal Adsorbent Adsorbent Elimination References
Concentration pH dose (g/L) Capability percentage
(mg/L) (mg/g) (%)

Syzygium jambolanum nut carbon 20-100 2 5 - 100 [115]
Acrylonitriledivinylbenzene  co- 30 2 0.6 101.2 80 [116]
polymer

Wood of Tamarind 10-50 6.5 2 - 28 [117]
Wood of Jatropha 30-100 2-10 0.6-2 106.4-140.8 - [118]
Prawn shell 25-125 - - 100 98 [119]

Mineral-Based Adsorbents:

Mineral-based adsorbents have attracted significant attention from researchers due to their abundance,
ease of retrieval, cost-effectiveness, and strong adsorption capability. Many natural minerals, such as clays, silica,
chitosan, and zeolites (including montmorillonite, kaolinite, and bentonite), are known to be effective in the
elimination of heavy metal ions. Clay, a type of small particle primarily found on the Earth's surface, is mainly
composed of silica, alumina, water, and weathered rocks. Clay as well clay-occupied composite materials have
been developed as more adequate adsorbents for the elimination of heavy metal ions from water solutions.

Recent studies often involve the modification and enhancement of clays and chitosan by incorporating
other adsorbents to improve their efficiency. For example, a study by Yin et al. [120] utilized a co-condensation
method to produce a silica sorbent functionalized with amidoxime groups. Table-XIV presents recent studies that
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have employed real mineral-based adsorbents for heavy metal ion elimination, using adsorption methods. These
studies include information on the targeted metal ions [121,122,123].

Table-XI: Heavy metal adsorption capabilities of different real mineral-based adsorbents

Adsorbent Target Metal Ideal pH Adsorbent Capability (mg/g) References
Ions
Cu 6 362.30
Cr 4 909.10
Carboxymethyl chitosan— Hg 4 333.30 [121]
hemicellulose Ni 4 42.00
Cd 4 28.20
Mn 4 49.00
Carboxylate functionalized- Pb 6 127.91
chitosan co-polymer Cu 6 123.50 [122]
Cd 6 108.42
Zn 6 92.27
Synthetic  NASO  Zeolite Cd 5 649.00 [123]
(N36A168i10032.12H20) Pb 5 210.00

Clay mineral adsorbents

The adsorption process involves the attraction and retention of molecules (contaminants) on the surface
of the adsorbent (clay). There are various types of clay, each exhibiting unique adsorption properties. Primarily
clay based minerals are phyllosilicate minerals which are characterized by layered structural units consisting of
one or two tetrahedral silica sheets sandwiched between an octahedral aluminium sheet [124]. Generally, clays
possess three distinct types of internal surfaces: edges, external surfaces, and surfaces between silicate layers.
Both the external surface and the internal layer are susceptible to modifications during adsorption processes as
well as ion exchange. Clay minerals typically develop a small net negative surface charge due to isomorphic
substitution. These minerals are widely used as effective adsorbents for removing heavy metal ions from aqueous
solutions, as outlined in Table XV, which describes clay minerals, functionalized organic spices, and their
applications in the adsorption of various heavy metal ions.

Clay minerals are effective adsorbents due to their properties such as low cost, high surface area,
accessibility, and cation exchange capability, among other advantages, which facilitate their use in various
applications [125]. In addition to clay minerals, other materials like vermiculites, kaolinites, saponites, halloysites,
montmorillonites, and bentonites are also desirable. These materials can be used in their raw form or after
processes such as cleansing, purification, reformation, or functionalization [126-132].

Table-XII: Clay based minerals, functionalization organic spices and used for the adsorption of various heavy

metal ions
Clay Organic Spices Heavy Metal Effectiveness References
Ions (mg/g)
Magnetite/Kaolin Ethylenediamine Pb (1II) 86.1 [113]
Cu (I1) 16.5
Cd (II) 22.1
Illite/smectite 3-aminopropyltriethoxysilane Pb (I) 227.8 [134]
Vermiculite 3-aminopropyltriethoxysilane Cr (V) 59.17 [135]
Vermiculite Ethylamine Cs 78.17 [136]
Smectite 3-aminopropyltriethoxysilane/Zn Pb (1) 20 [137]
Montmorillonite chitosan Cu (II) 181.5 [138]
Bentonite 3-aminopropyltriethoxysilane Pb (1II) 27.65 [139]
3,2- 29.54
aminoethylaminopropyltrimethox
ysilane

Silica Gel as an Adsorbent

Silica gel, a partially hydrated material composed of SiO2 units with high porosity, is a typical adsorbent
that supports specific interactions. It is considered a good porous material and consists of a three-dimensional
polymer formed by silicon dioxide units. Silica gel is particularly effective as an adsorbent for substances like
water, phenols, alcohol, amines, and more. Commercial silica gels often contain a mixture of AI203 and Fe203,
which contribute to irreversible sorption and may also have a catalytic effect.

Silica gel is widely studied for water vapor adsorption due to its large surface area and high porosity,
making it useful in a variety of adsorption applications. Its unique physical and chemical properties enhance its
effectiveness as an adsorbent. Because silica gel is made of silica, it has high thermal stability, which allows it to

DOI: 10.9790/5736-1807010113 www.iosrjournals.org 8 | Page



Agricultural Waste and Minerals based Adsorbents for the Elimination of Heavy Metal lons ..

withstand varying temperatures and pressures in industrial processes. Additionally, it is non-toxic, making it
suitable for moisture-adsorbing applications.

Zeolite as an Adsorbent:

Zeolites are natural as well as synthetic hydrated microporous aluminosilicates which are hydrated
microporous, which may be characterized by the presence of channels occupied by substitutable cations as well
as zeolite water. These materials are not only environmentally friendly but also cost-effective. Natural zeolites are
hydrated as well as porus aluminosilicates with pores vary from macropores to mesopores. They possess suitable
properties which are ion exchange, adsorption, and dehydration [140,141,142]. Zeolites are primarily composed
of aluminosilicate minerals which are hydrated microporous, created from the integrated tetrahedra of silica
(Si04) and alumina (A1O4) moieties [143].

Zeolites are excellent adsorbents, particularly for the elimination of cadmium metal ions from sewer
water/wastewater or industrial effluents, due to their superior belongings of ion exchange, large surface area, and
hydrophilic nature, making them ideal for separating cadmium metal ions. In many industries, coal is widely used
as a fuel, producing fly ash as a co-product, which gives rise to air pollution as well as disposal challenges.
However, due to its very reason low cost, fly ash may be utilized for zeolite development through the hydro-
thermal method [144]. Javadian successfully transformed fly ash into an aluminosilicate adsorbent which is
amorphous, achieving a high adsorption capability of 26.20 mg/g for cadmium metal ions, with an 84%
elimination at an ideal pH of 5 [145]. In the same way, Visa also used the hydro-thermal method with sodium
hydroxide (NaOH) to convert fly ash to zeolite for the elimination of cadmium metal ions. Their research
demonstrated that the product had a larger surface area, prosperous in micropores, and achieved higher than 81%
cadmium metal ion elimination at an ideal pH of 7-8. Table-XVI outlines the elimination framework for
sequestering cadmium metal ions using zeolite.

Table-XIII: Cadmium metal ions elimination by the use of zeolite.

Adsorbent Metal Ions Ideal Adsorbent Adsorbent Elimination References
Concentration (mg/L) pH dose (g/L) Capability percentage
(mg/g) (%)
Zeolite 25-100 6.0 25.0 76 [146]
Synthetic zeolite A 100-2000 - 1.0 315.65 - [147]
Natural zeolite 9-90 5.0 - 9 71 [148]
Oil shale into zeolite 100 7.0 - 95.6 - [149]
Zeolite from fly ash 1123.1-3370.3 6.5 10.0 57-195 98.6 [150]

Chitosan as an Adsorbent:

Chitin, the second most abundant natural polysaccharide (biopolymer) on Earth, follows cellulose in
abundance [151]. It is the primary constituent of the exoskeleton of arthropods and crustacean shells and is also
found in the cell walls of fungi [152,153,154]. Chitosan is a polymer which is deacetylated partially, is obtained
from chitin by the deacetylation under alkaline conditions, which is separated from shellfish origins. This
biopolymer is a low-cost natural adsorbent.

Due to amino as well as hydroxyl (-OH) groups in chitosan's moiety enables chemical modification,
which can improve its solubility and electric charge [155]. Chitosan is known for its affordability and efficacy,
though it has some drawbacks. These include solubility under acidic conditions, mechanical weakness, and the
potential to leach carbohydrate when applied in original form [156,157].

To address some of these limitations, chitosan has been transformed by the use of coating method using
ceramic alumina. This coating enhances the affordability of binding points and boosts the mechanical stability of
chitosan. The highest adsorption capability recorded for this modified or transformed chitosan was 107.7 mg/g,
observed at an ideal pH of 6, with a topmost elimination of 93.80% [158].

In a parallel study, Hydari transformed chitosan by the use of coating it with the help of activated carbon.
This modification resulted in an adsorption capability of 52.60 mg/g at an ideal pH of 6, with a 100% elimination
rate [159].

Table-XIV shows the data on cadmium metal ion elimination using chitosan from industrial effluent or
sewer water/wastewater.

Adsorbent Metal Ions Ideal Adsorbent Adsorbent Elimination References
Concentration pH dose (g/L) Capability percentage
(mg/L) (mg/g) (%)
Multi-walled carbon - 6.0-7.0 - - Greater than [160]
nanotubes  transformed 90
with chitosan
Replaced hyoxyl group on 675 10.0 - - 95 [161]
chitosan
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2-Oxoglutaric acid 100-500 6.0 0.04 201.2 93 [162]
transformed magnetic

chitosan

Chitosan composite 100-500 5.6 5.0 92,122 92 [163]

Outlook and Challenges in Elimination of Heavy Metal Ions from Sewer water/Wastewater

This evaluation highlights the use of bioadsorbents for eliminating chromium and cadmium metal ions
from sewer water/wastewater. These adsorbents are low-cost, easily accessible alternatives to commercially
available adsorbents. The effectiveness of these adsorbents can be enhanced through modification or
impregnation, increasing their capability to eliminate heavy metals from sewer water/wastewater. Achieving
optimal adsorption capacity and selectivity requires careful selection of suitable biomass or agricultural waste
residues, along with the use of various adsorbents and chemicals to control pH, creating the ideal conditions for
the adsorbent to effectively attract and bind with the target ions.

II.  Conclusion
This review focuses on emerging potential adsorbents, including agricultural waste, graphene, minerals,
and clay-based materials, for the elimination of chromium and cadmium from sewer water/wastewater. The
adsorption data aligns with the Langmuir as well as Freundlich models, indicating unique and multidirectional
adsorption behaviors. Agricultural waste-based adsorbents are inexpensive, widely available, generate no sludge
or emulsion, can be regenerated or recycled, and demonstrate effective technical workability and strong attraction
for eliminating heavy metal ions.
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