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ABSTRACT

Agriculture is the immemorial benefaction of man for the existence and welfare of the human race. 
Being an agricultural country, it is the prime source of livelihood in India. This review focused on the 
present scenario of Indian Agriculture with respect to crop production, factors affecting productivity, and 
agricultural waste-related issues in India. Agrowaste can be helpful to farmers but economic costs are 
less than the cost of collection, transportation, and processing for profitable use. In this consequence, 
the review has presented considerable information on the alternative use of agrowaste to control 
water pollution. The review focused the light on the replacement of conventional chemicals with agro-
based waste to develop fully green and sustainable biosorbents. It also highlighted the potential of 
biosorbents and biosorption technology in terms of their adsorption capacities, cost-effectiveness, 
binding mechanisms, and interfering factors such as pH, temperature, initial concentration, dose, and 
pre-treatments. Biosorption isotherms and sorption kinetics models were used for the characterization 
of agrowaste and developed biosorbent, and recovery of sorbent was also reviewed. The review 
concluded that further research is required to investigate novel biosorbents that may be a good option 
for bioremediation for the removal of a large range of toxic heavy metals. The utilization of plant waste 
as biosorbent will also open a new window of agricultural waste management.    

INTRODUCTION 

Agricultural Sector in India

Agriculture is the backbone of the Indian economy; it will 
continue to be so for a long time. It supports about 17 percent 
of the world’s population from 2.3 percent of the world’s land 
area and 4.2 percent of the world’s water resources (Pandey 
2009). India has adopted modern methods of cultivation 
and contrived significant progress. Agricultural Science and 
engineering have altered its image from a “begging bowl” to 
a “breadbasket” by adapting effective infrastructure and sus-
tainable use of natural resources. Over the last five decades, 
Indian agriculture has evolved into a mature and modern 
business. India is the world’s second-largest producer of 
rice, wheat, spices, spice products, and vegetables and fruits 
(APEDA 2018-19). 

Agricultural Waste-Related Issues in India

United Nations defines agricultural waste as waste produced 
as a result of various agricultural operations (UN, Glossary 
of Environment Statistics, 1997). Agricultural waste is a 
non-commodity product of agricultural product production 
and processing that may contain material that is beneficial 

to individuals but whose economic value is less than the 
cost of collection, transport, and processing for profitable 
use. Agricultural waste can take the form of liquid, slurry, 
or solids, depending on the system and type of agricultural 
activity (Obi et al.2016). Unsustainable agricultural devel-
opment leads to huge adverse effects on the rural and global 
environment (Nguyen 2017,  Pappu et al. 2006).

Crop residue waste: According to the Indian Ministry of 
New and Renewable Energy (MNRE), the annual generation 
of crop residues in India is an average of 500 million tons. 
After the utilization of these crop residues as fodder or fuel 
still, there is a leftover of 140 Mt of which 92 Mt is burned 
each year (Ministry of Agriculture, India 2014) The ‘rice-
wheat cropping system’ (RWCS) is the best planting system 
in South Asia (Hobbs & Morris 1996) which is followed by 
many Indian states. Rice and wheat contribute about 70% 
of the crop residues. Based on Jain et al. (2013) and the 
Intergovernmental Panel on Climate Change (IPCC), more 
than 25% of crop residues have been burnt on the farm. It 
was also reported that across all states the fraction of burnt 
crop residue ranged from 8–80% for paddy waste (Jain et al. 
2013) Among various crop residue, major contributors were 
43% of rice, wheat 21%, sugarcane 19%, and oilseed 5% 
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(Sahai et al. 2010). During the post-harvest period, 80% of 
the crop is burned.  

Emission of greenhouse and other gases: Burning crop 
residues is a major source of GHGs, as well as other chemi-
cally relevant trace gases, aerosols, and other hydrocarbons. 
Burning rice straw emits Carbon (C) as CO2 (70%), CO (7%), 
and CH4 (0.66%) whereas 2.09% of Nitrogen (N) is emitted 
as N2O (Ministry of Agriculture, India 2014). Apart from 
that, large amounts of particulates containing a mixture of 
organic and inorganic species such as Polycyclic Aromatic 
Hydrocarbons (PAHs), Polychlorinated Dibenzo-p-dioxins 
(PCDDs), and Polychlorinated Dibenzofurans (PCDFs) are 
emitted (PCDFs). Greenhouse gases contribute to global 
warming and climate change (Gadde et al.  2009). A huge 
annual welfare loss (Rs. 76 million) in terms of health 
damage is caused by air pollutants created by agricultural 
residue open burning (Kumar et al. 2015, Lohan et al. 2017). 
Furthermore, one of the significant repercussions of stubble 
burning is the loss of soil flora and fauna, including microbes 
(Kaur & Rani 2016). 

APPLICATION OF AGRICULTURAL WASTE FOR 
POLLUTION CONTROL 

Using agricultural waste products to reduce pollution is a 
long-term strategy that can also provide additional revenue 
for producers (Manique et al. 2012). Agricultural waste with 
carboxyl, hydroxyl, and other active groups can be used as 
a biomass-based adsorbent to accomplish the “treatment 
waste by waste” effect (Dai et al. 2018). It was suitable for 
recovering ecological pollutants due to its loose surface, 
porosity, exceptional mechanical strength, and chemical 
stability. Several research papers showed how different forms 
of agricultural wastes can be used to adsorb metal ions from 
aqueous solutions (Hossain et al. 2012a, 2012b).

Removal of Inorganic Contaminants

Removal of inorganic contaminants could be carried out 
using waste biosorbents through modern and traditional treat-
ment methods. The studies carried out by various workers 
for the application of agrowaste for the removal of inorganic 
contaminants are given in Table 1.

Removal of Organic Contaminants

The studies carried out by various workers for the application 
of agrowaste for the removal of organic contaminants are 
given in Table 2.

Getting Rid of Harmful Gases 

The rapid increase of greenhouse gases like carbon dioxide 
(CO2) and nitrous oxide (N2O) is one of the reasons for global 

warming and climate change (Dai et al. 2018). Hydrogen 
sulfide (H2S) and carbon dioxide (CO2) are common pollut-
ants in the production/processing of oil and gas, wastewater 
treatment plants, combustion of fossil fuel, and landfill gases, 
which can cause corrosion and harmful gaseous emissions 
(Bamdad et al. 2018).

Application of biochar developed by carbonization of 
leaf waste at 400°C removed 84.2% H2S successfully from 
raw biogas in a continuous adsorption tower for 25 min 
(Sahota et al. 2017). Sugarcane bagasse (SB) and Hickory 
wood (HW), which were used to make biochar at a higher 
temperature, had the maximum physisorption of CO2 (73.55 
mg.g-1 at 25°C) (Creamer et al. 2014) The CO2 adsorption 
efficiency on charcoal rice straw was found to be around 80 
mg.g-1 at 20 °C in a study (Huang et al. 2015). The highest 
performance conditions were obtained by treating soybean 
straw with CO2 and NH3 at high temperatures, with the ab-
sorptivity of 49.87 mg.g-1 (Zhang et al. 2016). The surface 
chemistry, porous structure, and morphology of activated 
carbon were studied, and the absorptivity was found to be 
78.10 mg.g-1 (Shahkarami et al. 2015)

ADSORPTION

Adsorption is a surface phenomenon, in which the transfer of 
molecules from the bulk solution to the solid surface is done, 
depending on the concentration gradient (Qiu et al. 2009). 
This process is parameter-dependent such as molecular 
weight, shape, or polarity of the adsorbing material, which 
holds the molecule strongly and makes separation easier. The 
adsorption rate is equal to the square root of contact time 
with the adsorbent (Mathew et al. 2016).

Types of Adsorption Processes

The process of adsorption can be achieved by batch, semi-
batch, and continuous processes. In batch, processes contact 
time of adsorbing material and adsorbent play’s an important 
role (Mishra & Tripathi 2008). Adsorbate and adsorbent are 
attracted to one other by attractive forces such as weak Van 
der Waals forces or strong chemical bonds. At low tempera-
tures, weak van Der Waals forces are active in physisorption 
(Fraissard 1997). While chemical forces or chemical bonds 
are active in chemisorption, its efficacy is determined by the 
adsorbent’s surface area (Apple & Ma 2002). 

Factors Affecting the Adsorption Process

Biosorption depends on many factors that are related to en-
vironmental conditions that can affect the process. Factors 
that interfere with the biosorption process are:

Temperature: Biosorption efficiency remains uninfluenced 
within the range 20-35°C °C, at high temperatures, e.g., 
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Table 1: Application of agrowaste for removal of heavy metals, nitrogen and phosphorus.

Sr. No. Removal of pollutant Argowaste as adsorbent Adsorption capacity
(mg.g-1) or %

References

1. Heavy metal

Lead (II) Wheat bran 
Coir fibers 
Pumpkin waste 
Tea leaves
heartwood powder of Areca catechu
Acid-modified rice straw
Rice straw
Plum stone
Banana peels

69-87 mg.g-1

263 mg.g-1

14.286 mg.g-1

96%
 
97%

18.98 mg.g-1

42.55 mg.g-1

80.65 mg.g-1

>90%

Bulut & Baysal 2006
Kadirvelu & Namasivayam 2000
Okoye et al. 2010
Ahluwalia &
Goyal 2005
Chakravarty et al. 2010

Guo et al. 2015
Amer et al. 2017
Parlayıcı & Pehlivan 2017
Ibisi & Asoluka 2018

Nickel (II) Tobacco stem
Cocoa shell
Peel orange fruit
pomegranate peel 

97.32 mg.g-1

97.59 mg.g-1

96%
52 mg.g-1

Rao et al. 2014
Kalaivani et al. 2014
Ajmal et al. 2000
Bhatnagar & Minocha 2009  

Copper (II) Mango peel 
Sorghum bicolor
Sugar beet pulp
Watermelon shell
Potato peel

46.09 mg.g-1

15.151 mg.g-1

28.5 mg.g-1

9.54 mg.g-1

84.74 mg.g-1

Iqbal et al. 2009
Salman et al. 2020
Aksu & Isoglu 2005
 
Mohammed & Ibrahim 2016
Guechi & Hamdaoui 2015

Cadmium (II) Sorghum bicolour
Banana peels
Sawdust
Neem bark

17.241 mg.g-1

>90% 
94.02% 
86.24%

Salman et al. 2020
Ibisi & Asoluka 2018
Naiya et al. 2008a
Naiya et al. 2008b

Zinc (II) Sawdust
Neem bark

87.23%
84.75%

Naiya et al. 2008a
Naiya et al. 2008b

Chromium (VI), (III) Modified groundnut shell 
mango kernel
Date palm leaves
Broad bean shoots
Banana peels

131 mg.g-1

7.8 mg.g-1

98%
95%
96%

Owalude & Tella 2016
Rai et al. 2016
Fawzy et al. 2015 
Fawzy et al. 2015
Ali et al. 2016

Arsenic (III), (V) Java plum seeds
Rice polish
Chir pine leaves 
Walnut shell
Rice husk

97%
41.18 and 49 µg/ g, respec-
tively
3.27 mg.g-1 
88%
89% and 87%respectively

Shakoor et al. 2018
Hasan et al. 2009
Shafique et al. 2012
Saqib et al. 2013
Amin et al. 2006

2. Nitrogen 
Ammoniacal nitrogen

Banana peels
Sugarcane bagasse ash

-
60%

Akpor et al. 2013
Mor et al. 2019

Phosphate Rice husk
Banana peels

89%
-

Mor et al. 2016
Akpor et al. 2013

50°C, biosorption activity and kinetic energy of the adsorbate 
increases which may destruct the physical structure of the 
biosorbent. Adsorption reactions are generally exothermic 
and the degree of adsorption increases with falling temper-
ature (White et al.1997, Abdi et al. 2015). There could be a 
modification in the equilibrium capacity of the adsorbent for 
a particular adsorbate due to a change in temperature. There 
is better adsorption acquired at higher temperatures (Park 
et al. 2010, Malkoc & Nuhoglu 2005, Goyal et al. 2003).

pH: pH affects the movement of the functional groups in 
the adsorbent, the solution chemistry of the metals, and the 
competition between metallic ions (Joo & Hassan 2010). It 
has been shown that the affinity of cations in the functional 
groups present on the cellular surface is strongly dependent 
on the solution pH (Alfarra et al. 2014). The biosorption 
capacity reduces with low pH values and increases with pH 
until it reaches optimum pH. Metal ions precipitated due to 
the high concentration of hydroxyl anions in the solution 
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Table 2: Application of agrowaste for removal of organic contaminants.

Sr. No. Removal of pollutant Argowaste as adsorbent Adsorption capacity   
(mg.g-1) or %

References

1. Dyes 
Methylene Blue Dye

Azodyes (Congo red, Crystal violet, 
Methyl orange)
Synolon black HWF-FS 

Acid blue 25 

Crystal violet

Lemon leaf powder
Cauliflower leaves
Rice husk composite

Linseed oil cake
Fruit shell of Bengal gram
Cucumis sativus

19.19 mg.g-1

149.22 mg.g-1 

77-81%

6.89 mg.g-1

29.41 mg.g-1

40.82 mg.g-1

Sarath Babu & Yamini 2020

Ansari et al. 2016

Rafique & Zulfiqar 2014

Safa 2015

Krishna et al. 2016

Smitha et al. 2012

2. Drugs
Fluoroquinolone Rice husk 63.50 mg.g-1 Ashrafi et al. 2015

3. Pesticides 2,4-dichlorophenoxyacetic 
acid Bagasse fly ash 7.14 mg.g-1 Deokar et al. 2016

4. Aromatic compounds
phenol Acacia tortilis pod shell

Rice husk ash
95%

95%

Malakootian et al. 2018

Mandal et al. 2019

5. Oil substances Banana peels 5-7 mg.g-1  Alaa El-Din et al. 2017

when the pH was greater than 5.5. As a result, the trials were 
not carried out at pH levels higher than 5.5 (Witek-Krowiak 
et al. 2010)

Pre-treatment: Because of the nature of biosorbent applica-
tion, physical treatments such as drying, boiling, autoclaving, 
and mechanical disruption will cause changes in binding 
properties. Chemical treatments, such as alkali treatment, 
improve biosorption capacity, which is especially visible in 
some fungal systems with higher metal affinities (Abdi & 
Kazemi 2015). 

Acidity: Biosorption is comparable to the ion-exchange 
process, in which biomass is used as a natural ion-exchange 
medium with weakly acidic and basic groups (Ahalya et 
al. 2003). Metal biosorption has been shown to be strongly 
pH-dependent in almost every system studied. At low pH, 
cations and protons compete for binding sites, which explains 
why metal absorption of Cu, Cd, Ni, Co, and Zn is normally 
reduced (Obi et al 2016). 

Biomass concentration: The concentration of biomass in 
solution influences the specified metal uptake (Modak & 
Natarajan 1995). The adsorption of metal by biomass is 
shown to be greater at low cell densities at a given equilibrium 
concentration (Gourdon et al. 1990). Because an increase in 
biosorbent concentration actively encourages interference 
between binding sites, the specific metal absorption increases 
at lower biomass concentrations (Zouboulis et al. 1997). 
Metal ions cannot get to the exact location of the binding 

site because of the high biomass concentration (Malkoc & 
Nuhoglu 2005).

Initial metal ion concentration: The initial metal ion con-
centration provides an important driving force for controlling 
all-metal mass transfer resistance between the fluid and 
adsorbed phases (Kutahyali et al. 2010). When the initial 
metal ion concentration is high, all-metal ions in the solution 
engage with binding sites, accelerating adsorption by roughly 
99% until saturation is reached. 

Agitation speed: Increasing the agitation speed accelerates 
the biosorption of adsorptive metal by lowering the mass 
transfer resistance, however, it may harm the biosorbent’s 
physical structure (Park et al. 2010)

Contact time: Physical adsorption of metal at the cell surface 
is claimed to be fast and occurs in a short period. The active 
sites on the adsorbent become occupied as the contact time 
increases and gradually diminishes with time until it reaches 
equilibrium (Mishra & Tripathi 2008, Witek-Krowiak et al. 
2010). 

Biosorbent size: Decrease biosorbent size is favorable for 
batch process due to the higher surface area of the biosorbent, 
but due to its low mechanical strength and clogging of the 
column, it is not advantageous for column process (Park et 
al. 2010, Abdi et al. 2015).

Other pollutant concentration: Various metals and coex-
isting metals present in wastewater compete with a target 
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pollutant for binding sites and can form any complex with it. 
This can be reduced by the biosorptive removal of the target 
metal ions (Park et al. 2010) 

MECHANISM OF HEAVY METAL CAPTURE 

Weak forces, chemical reactions, and ionic strength interact 
in biosorption, resulting in stronger binding. (Achak et al. 
2009) These interactions can occur inside or outside of the 
pores, as well as on the surface of agricultural wastes (Silva 
et al.  2013). The actual mechanism of biosorption is still a 
mystery. Although several mechanisms for heavy metal ion 
binding to sorbent surfaces have been suggested (Salman et 
al. 2015) Adsorption mechanisms such as chemisorption, 
ion exchange, surface adsorption, complexation reactions, 
electrostatic interactions, diffusion via pores, and others are 
predicated by ionic interactions that occur during adsorption. 
Fig. 1 shows the many pathways involved in the biosorption 
of heavy metals

It is possible that different mechanisms can operate 
concurrently to varying degrees. The study of mechanisms 
involved in the uptake of Cr (III) and Cr (VI) by Cupressus 
lusitanica bark revealed that the principal mechanisms 
for Cr (III) biosorption is found to be Ion exchange and 
electrostatic interaction (Netzahuatl-Munoz et al. 2012). 
In the adsorption of Cu (II), Zn (II), and Pb (II) ions using 
orange peels, the process was governed by ion-exchange 
predominantly (Feng & Guo 2012). The study of removal 
of Pb (II) from aqueous solution using Triticum aestivum 
followed adsorption as well as ion-exchange mechanism 
(Farooq et al. 2007). Similar results were found using potato 
peel for Pb (II), Zn (II), and Cd (II) adsorption (Taha et al.  
2011).    

The dominant mechanisms involved in the biosorption 
of Cr (III) and Cu (II) onto soybean meal waste are ion ex-
change, precipitation, and chelation by hydroxyl and carbox-
yl groups. (Witek-Krowiak et al. 2016). The study stated that 
in the removal of Pb (II) from an aqueous solution, the prime 
responsible groups were the carboxyl and hydroxyl groups 
that existed on the surface of sorghum biomass (Salman et 
al. 2014). The study of Ni (II) sorption onto Caesalpinia 
bonducella seed powder described that the functional groups 
hydroxyl, amine, carboxyl, and carbonyl were responsible 
for the adsorption mechanism. (Gutha et al. 2011) While the 
involvement of carboxyl and hydroxyl groups in the uptake 
of the metal ions by grafted polymerization-modified orange 
peel was also explored (Feng et al. 2011) Adsorption of low 
concentrations of lead, zinc, and cobalt (less than 100 mg.L-

1) from an aqueous solution utilizing a mangosteen shell 
explained the involvement of amino and carboxyl groups 
(Zein et al. 2010) Various other studies affirmed the effective 
interaction of carboxyl and hydroxyl groups towards heavy 
metal ions (Vieira et al. 2012, Araújo et al. 2010, Martín-
Lara et al. 2013). As biosorption process may be influenced 
by conditions such as the chemical state of binding sites, 
the number of binding sites, their availability, and attraction 
between the sites and metal ions (Volesky 1994)

ADSORPTION ISOTHERMS 

Adsorption isotherm represents the equilibrium relationship 
between the concentration of sorbate in the solution and 
the adsorbate concentration in the adsorbent at a constant 
temperature (Vijayaraghavan & Yun 2008). It is a plot of the 
amount of sorbate per unit weight of adsorbent qe versus the 
equilibrium solute concentration in the solution Ce. Adsorp-
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tion isotherm is used to calculate the capacity of a biosorbent 
to attract the adsorbate. Some typical isotherm shapes are 
represented as arithmetic graphs in Fig. 2 (Abbas et al. 2014) 

From the above curves, it will be noticed that the adsorp-
tion is a specific property that depends on the type of the 
adsorbate-adsorbent system (Vijayaraghavan & Yun 2008). 
Various isotherm equations exist to analyze the equilibrium 
behavior of an adsorption system, but the well-known ad-
sorption isotherm models used for single solute systems are 
Langmuir (1918) and Freundlich’s (1906) isotherms. Both 
adsorption isotherm models appear to be more appropriate 
for explaining the relationship between q (quantity adsorbed 
at equilibrium, mg.g-1) and C (concentration of adsorbates 
remained in the bulky solution at the equilibrium, mg.L-1). 
Description and nomenclature of different adsorption equi-
librium models are given in Table 3.

Literature shows that most of the studied biosorption 
systems followed the Langmuir equilibrium model which 
indicated that monolayer adsorption was the possible 
mechanism of metal ions retention on the biomass surface 
(Khairia & Al-Qahtani 2016, Fawzy et al. 2015, Rai et 
al. 2016, Salman et al. 2020) Freundlich isotherm model 
elucidated the adsorption on heterogeneous surfaces with 
interactivity occurring between the adsorbed molecules and 
is not restricted to a monolayer formation (Febrianto et al. 
2009) Some studies revealed that the metal ion adsorption 
follows the Freundlich model more as compared to others 
(Guiza 2017, Sadeek et al. 2015, Pino et al. 2006, Naiya et 
al.2008b, Giwa et al. 2013)

ADSORPTION KINETICS

Adsorption kinetics is the measurement of the adsorption 
uptake over time at constant pressure or concentration and is 
applied to measure the adsorbate diffusion in the pores. Nu-
merous studies have been evaluated using the pseudo-first-or-
der kinetic model and pseudo-second-order kinetic model. 

Pseudo-First-Order Model

Pseudo-first-order is derived from the fact that the rate of 
reaction is proportional to the number of free accessible bind-
ing sites present on the biosorbent material (Ho et al.2000)

The linear form of the Lagergren pseudo-first-order rate 
statement is:

     	 In (qe- qt) = In qe – k1t

Where, qe and qt are the amounts of metal ion absorbed 
(mg.g-1) on absorbent at equilibrium at time t respectively. 
k1 is the rate constant of pseudo-first-order adsorption (min-

1). Taking ln (qe - qt) on the y-axis and ‘t’ on the y-axis, a 
linear plot is generated having the slope ‘-k1’ and intercept 
‘ln qe’. From value of intercept ‘qe’ can be calculated and 
compared to the experimental value. The precision between 
the calculated and experimental ‘qe’ values gives an idea 
about the possible order of the biosorption process.

Pseudo-Second-Order Model

The pseudo-second-order model is derived from the fact 
that the rate of biosorption is proportional to the square of 
several active binding sites on the surface of the biosorbent.

The linear form of pseudo-second-order model expres-
sion is:
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at time t respectively. k1 is the rate constant of pseudo-first-order adsorption (min-1). Taking 

ln (qe - qt) on the y-axis and ‘t’ on the y-axis, a linear plot is generated having the slope ‘-

qe (mg.g-1) = adsorption capacity at equilibrium; Ce (mg.L-1) 
= metal concentration at equilibrium; bT (mg.g-1) = Toth max-
imum adsorption capacity;
 qm = the Toth constant; n = the Toth model exponent

Toth 1971
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netic data is the coefficient of determination R2. Its value of 
close to 1 (R2>0.98) shows the fitness of experimental data to 
the kinetic model. The ideal pseudo-second-order model in-
dicates that there is a binding between one divalent metal and 
two monovalent binding sites (Salman et al. 2014). From the 
literature review, it is worth noting that numerous other studies 
have recorded the best fit of the pseudo-second-order model 
to biosorption kinetic data. (Salman et al. 2020, Sadeek et al. 
2015, Saman et al. 2019, Santos et al. 2010, Chakravarty et al.  
2010).

RECOVERY AND RESTORATION

Reuse of bio sorbent could be achieved by using restoration 
and regeneration for a low amount of pollutants (Khatoon & 
Rai 2016, Carolin et al. 2017). It is preferable that the deso-
rbing medium should not be damaging to the biosorbent, but 
should help to recover, the loaded metals onto the surface of 
the biomass after biosorption (Gupta et al. 2015). The study 
of adsorbent reclamation can be utilized for the prevention 
of secondary pollution resulted due to waste adsorbents 
(Anirudhan & Sreekumari 2011).  Literature reveals that 
Acids (such as HCl, H2SO4, and HNO3) were mostly used in 
the case of recovery of heavy metal(s) from bio adsorbents 
(Lata et al. 2014).

The results derived from the study for the percentage re-
covery of Ni (II) and Cu (II) ions using the Delonix regia pods 
revealed that at different desorbing medium concentrations, 
the percentages recovery of metal ions was different. The 
studies also affirmed that a comparatively less concentration 
of acid is required to recover more than 50 % of the metal 
ions from the biomass (Babalola et al. 2020). An investigation 
was carried out to determine the reusability potential and 
stability of the pre-treated watermelon (Citrullus lanatus) 
rind showed 98.1% recovery of Pb2+ ions (Lakshmipathya 
& Saradab 2015).

The study of Sorghum root biomass for removal of Cu(II) 
and Cr(VI) ions from an aqueous medium was carried out 
using HCl and HNO3 as eluting agents. The formula used to 
calculate the desorption efficiency of biomass was, 
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Using HCl as eluting agent desorption efficiency of Cu(II) 
and Cr(VI) ions from sorghum root biomass was shown to be 
93 and 96%, whereas using HNO3 desorption efficiency was 
84 and 89% respectively (Choudhary et al. 2014).

In the study of the use of NaOH, HNO3, and EDTA as 
eluting agents for desorption of Cr(III) ions from sorghum 
stalk biomass, EDTA showed high desorbing efficiency in 
comparison with NaOH and HNO3 for Cr(III) ions due to the 

nature of metal-sorghum bonding. Desorption percentages 
for Cr(III) ions using 0.05 M EDTA and 0.1 M EDTA were 
shown to be 75% and 71%, respectively at 55oC (Bernardo 
et al. 2009)

CONCLUSION 

Being the second-largest economy with year-round crop 
cultivation, India generates abundant agricultural waste in-
cluding crop residue. Agricultural waste when not effectively 
used increases the burden of rural agricultural production and 
also cause pollution in the rural environment. Multiple-use 
of agro wastes can productively minimize air pollution by 
the burning of crops.

The utilization of agrowaste in environmental remedia-
tion furnishes an economical substitute for extracting toxic 
heavy metal ions from real wastewater and supports in re-
covering environmental damages. As a biosorbent shows an 
affinity for certain metals, a composite biosorbent containing 
more than one biosorbent can be tested for the removal of 
multiple metal ions from contaminated water.

From the literature review, it becomes clear that an 
appropriate modification method for the preparation of bio-
sorbent can improve the adsorptive capacity of agricultural 
waste. Good removal efficiencies proved that; biomass-based 
adsorbent is an absolute solution to cope with heavy metal 
contamination.

Agricultural wastes-based biosorbent with uneven 
structures that contain high binding sites with metal craving 
functional groups like hydroxyl, carboxyl amine, and other 
active groups, that effectively remove pollutants.

The process of biosorption is influenced by pH, dose, 
temperature, concentration particle size, and other fac-
tors. The majority of the studies emphasized studying the 
biosorption process concerning kinetic, equilibrium, and 
thermodynamics, which proclaimed that Langmuir and 
pseudo-second-order models are dominant isotherm and 
kinetic models, respectively. 

The study of regeneration of biosorbent unveiled that a 
single regenerating agent effective for one adsorbent was 
not necessarily efficacious for another adsorbent. Further 
exploration is desired to invent the best possible eluent that 
can be relevantly used for many adsorbents. 

The development of effective green conversion and tech-
nology will be an indicator of the development of biological 
adsorption. Using agricultural waste as a biomass adsorbent 
can not only eliminate the damage to the current practice 
of agricultural waste but also are of significant economic 
benefits.
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