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Abstract

The negative effects of heavy metal discharge caused by various
industries on the environment and living organisms have been
well-proven. Conventional technologies for removing heavy
metals from aqueous solutions are not economically viable and in
addition to being ineffective at low concentrations of metal ions,
they produce a large amount of chemical sludge. The biological
absorption of nickel by non-living and inactive microbial biomass
or derived from plants is an alternative and innovative technology
to remove this pollution from aqueous solutions while eliminating
the problems of the conventional methods mentioned in this article
due to the availability of adsorbents It has renewable and high
absorption capacity. The present study was a review study to
introduce types of microbial and plant-derived bio absorbents to
remove nickel from aqueous solution and reveal the absorption
capacity of each adsorbent. It suggests the use of these biomasses
as bio-adsorbents for the removal of nickel in aqueous solution as
a promising and environmentally friendly perspective. According
to the studies, in most processes of nickel biological absorption
with different adsorbents, a negative value, and a positive value
have been reported. It has a negative value due to the spontaneity
of the process and a positive value due to the increase of random
collisions between solid and solution during the process.
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Introduction

With the advancement of technology and the development of
economic activities, a large amount of waste containing heavy
metals enters the natural environment. Heavy metals are a serious
threat to the environment and public health due to their toxicity,
accumulation in the food chain, and their indestructibility and
stability in nature (Pahlavanzadeh et al., 2010; Al-Fakih, 2015;
Kaparapu & Krishna Prasad, 2018). The pollution of water sources
due to non-degradable heavy metal wastewater has caused great
concern in recent decades (Torab-Mostaedi et al., 2013; Waqar et
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al., 2023). According to WHO, the most worrying toxic heavy
metals in industrial waste include nickel, cadmium, chromium,
cobalt, copper, lead, mercury, and zinc (Pahlavanzadeh et al.,
2010; Boulaiche et al., 2019) These metals are introduced as a
solution in water and soil, and in addition to polluting surface and
underground water and soil, they disturb the ecosystem into which
they are introduced. These metals can enter the human food chain
after entering the soil. They can also be easily absorbed by marine
animals and thus enter the human body system, which will bring a
high risk to the health of the consumer (Nuhoglu & Malkoc, 2009;
Thagi & Gashi, 2023).

Nickel is one of the important and indestructible heavy metals, and
its concentration exceeding the permissible limit can be dangerous
for humans and other living organisms. Although its existence is
necessary to carry out some enzymatic reactions and metabolic
activities of the human body. Nickel is a hard silvery-white metal
that is an abundant element in nature and can be easily combined
with metals such as copper, zinc, chromium, and iron to become
an alloy (Yalgm ef al., 2018). This metal is resistant to corrosion
by air and water, and for this reason, its use has a special place in
various industries. Among its applications, we can mention the
production of stainless steel, electroplating, coins, batteries, metal
alloys, non-ferrous metals, super alloys, leather making, paper pulp
processing, pigments, and chemical processing (Long et al., 2018;
Anitha et al., 2021).

Excessive consumption of nickel metal causes numerous problems
for human immune and nervous systems, allergic skin diseases,
lung problems, kidney fibrosis, and digestive tract discomfort
(Torab-Mostaedi et al., 2013; Noormohamadi et al., 2019). The
maximum allowed amount of nickel in drinking water is 0.07
mg/liter. Therefore, due to the mentioned destructive effects, it is
vital to remove them from wastewater and industrial wastes before
releasing and discharging them into the environment. Several
technologies have been developed over the years to remove heavy
metals from aqueous solutions. Conventional methods include ion
exchange, electrochemical methods, chemical precipitation,
solvent extraction, membrane filtration, reverse osmosis, surface
adsorption, evaporation, and flocculation (Noormohamadi et al.,
2019).

Conventional methods have low efficiency in low concentrations
of metal ions, high operating costs, incomplete metal removal,
sensitive operating conditions, high energy consumption, high
chemical sludge production, and secondary pollution (Villen-
Guzman et al.,, 2019). These limitations, together with the
environmental requirements regarding heavy metals, reveal the
need to develop new techniques more and more. The development
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of technically simple and economically attractive methods for
industrial wastewater treatment is one of the most important
priorities of the 21st century (Amini et al., 2009). As a method
based on high absorption efficiency, low investment, and operating
costs, ease of management and operation, and low secondary
pollution, biological absorption has attracted much attention (Long
et al., 2018). Bio-adsorption is a low-cost and environmentally
friendly technology for the separation of heavy metals using the
process of binding metal ions to the adsorbent, the efficiency of
which is directly related to the conditions of the adsorbent. These
attractants mainly include non-living biomass such as lignin, fruit
peel, agricultural waste, algal biomass, and microbial biomass
including bacteria, fungi, and yeast. An ideal adsorbent should be
economical, environmentally friendly, highly abundant, efficient,
and renewable. Agricultural waste materials, which are mainly
composed of cellulose and lignin, have been proposed as a suitable
option for the treatment of wastewater containing heavy metals
(Villen-Guzman et al., 2019). The use of live and dead
microorganisms and biological materials has been used since 1980
to remove heavy metal ion pollution from wastewater (Beni &
Esmaeili, 2020).

During the biosorption process, the metal ions in the aqueous
solution are adsorbed on the non-living adsorbent surface.
Compared to living organisms, non-living biomasses show more
advantages such as high efficiency, no need for additional growth
medium and nutrients, low waste sludge, and low cost (Long et al.,
2018). Recent research has focused on adsorbents with selective
metal removal, which usually have a large surface area with
various functional groups, as well as fast reaction kinetics suitable
for heavy metal removal. To improve the performance of the
absorbent when necessary, chemical modification of the surface
and modification inside the biological cell are used (Qin et al.,
2020).

The biological removal of nickel by non-living and inactive
microbial biomass or derived from plants is considered an
innovative and alternative technology to remove this pollution
from aqueous solutions, which, while eliminating the problems of
the conventional methods mentioned in this article, has a wide
availability of adsorbent combined with renewable and high
absorption capacity. This review research was conducted to
introduce types of microbial and plant-derived bioabsorbents to
remove nickel from aqueous solution and reveal the absorption
capacity of each adsorbent.

Biosorption

Biosorption is a special feature of a variety of inactive non-living
microbial biomasses and plant-based biomasses to bind and
concentrate heavy metals from very dilute aqueous solutions. This
process is a fast phenomenon and the binding capacity of certain
biomasses is comparable to synthetic cation exchange resins.
Biomasses with this property act like an ion exchange chemical, of
course, with biological origin. The basis of work in the process of
biological absorption is based on the interaction between metal
ions with biomass and stabilization on it. This interaction includes
surface adsorption, ion exchange reactions with functional groups
on the surface of biomass, and surface complex reactions. Binding
sites for metal ions placed on the surface of biomass include

various groups such as carboxyl, carbonyl, hydroxyl, phosphate,
amine, and sulfate from fats, proteins, and polysaccharides that are
placed on the surface of biomass (Zafar ef al., 2007; Amini et al.,
2009; Long et al., 2018).

The structure of the biomass cell wall is responsible for this
absorption property. In general, in the biosorption process, three
issues should be focused on biological adsorbent (choice of
adsorbent with high adsorption capacity, easy availability, and low
cost), adsorption mechanism, and testing on a large scale (Long et
al., 2018).

Biosorption Advantages

Non-living biomass independent of growth is not subject to cell
contamination limits. This biomass does not need any nutrients for
cell growth in the feed solution, so it is worth considering from an
economic point of view, so the problem of disposal of excess
nutrients or metabolic products will not be raised. Biomass can be
obtained from existing fermentation industries, which are wastes
after fermentation. This process does not involve the physiological
limitation of living microbial cells.

Because the non-living biomass acts as an ion exchanger, this
process is very fast and takes between minutes and hours. Metal
binding to bulk biomass is often so high that it leads to very
efficient metal uptake. Since cells are non-living, their process
conditions are not limited to cell growth. In other words, a wide
range of operating conditions such as temperature, pH, metal
concentration, etc. are used, while no aseptic conditions are need
for this process. The metal can be easily removed and recovered if
the amount of recycled metal is significant. In addition, due to the
appropriateness of the price, the use of these absorbents is cheaper.

Biosorption Disadvantages

Premature saturation can be a problem. For example, when metal
interaction sites are occupied, regardless of the amount of metal,
removal of the metal is necessary before further use. The potential
to improve biological processes, for example through genetic
engineering, is limited because cells are not metabolizing. Because
sorbent production occurs before the growth stage, there is no
biological control over sorbent characteristics. This will be
especially true when biomass from fermentation waste is used
(Ahluwalia & Goyal, 2007).

Bioabsorbent

Bacteria, fungi, yeasts, algae, fruit skin, plant residues, activated
sludge, and biopolymers are synthetic bioabsorbents. Researchers
classify sorbents extracted from biological sources as biological or
biosorbents. Conventional biosorbents should follow the following
criteria: high adsorption capacity and appropriate kinetics (Wang
et al., 2017); Size, appearance, and appropriate physical
characteristics (Shi et al., 2015); Separation of adsorbent from
cheap, fast, and high-efficiency solution (Xin et al., 2017); high
mechanical strength, temperature stability and favorable chemical
resistance (Wang et al., 2017a, 2017b); availability of absorbent
and efficient preparation methods (Du et al., 2016); Ability to
revive and reuse (Saha et al., 2017).
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The general steps of preparation of absorbents are as follows:
collection of primary absorbents; washing with distilled water and
filtration; drying; improvement of absorbent properties and
functional groups; Optimizing the geometry and dimensions of
adsorbents such as crushing and placing on a substrate;
Maintenance in proper conditions (Beni & Esmaeili, 2020).

For decades, a wide variety of innovative biosorbents have been
cultivated and used for the removal of heavy metals. Although a
wide range of biological species have been used as an absorbent
due to its effectiveness and economic aspect, it has not been able
to achieve significant success in practical applications. Therefore,
many improved methods based on bio adsorbents emerged. Based
on various research and articles, three types of new methods for
optimizing bio-adsorbents have been presented: chemical
modification of adsorbents, combination of biomass and
chemicals, and multi-biomass combined systems. Chemical
modification can generally be divided into two categories: internal
modification and surface modification of the biological cell. The
main aim of surface modification is to remove cell surface
impurities, increase the binding sites of heavy metals on the
biological cell surface, or alter the charge on the cell surface.
Internal modification is much more complex, involving changes in
the composition or internal structure of biological cells (Ahmed ez
al., 2023; Binassfour et al., 2023; Maneea et al., 2023; Pavithra et
al., 2023).

Stimulating or inhibiting the activity of enzymes that are involved
in the transport or accumulation of heavy metals inside the cell has
a significant effect on the absorption of heavy metals. Combining
biomass with other materials can solve this problem. In addition,
the composition of several biological substances has been proven
for high absorption of heavy metals and stability against these
elements that pollute the environment (Qin ef al., 2019). Recent
research has focused on selective adsorbents, which usually have a
large surface area with different functional groups, as well as fast
reaction kinetics suitable for the recovery of heavy metal ions.
These cases lead to better use of the capacity of these absorbents
and a low residual concentration of metal ions (Al-Mubarak et al.,
2023; Ismikhanov et al., 2023; Kushkhova et al., 2023; Maskurova
et al., 2023; Sakaliene et al., 2023).

Due to the high surface-to-volume ratio and the large number of
functional groups on their surface, microorganisms can create very
suitable and efficient conditions for interaction with heavy metals.
Compared to living microorganisms, non-living biomasses show
more advantages due to high efficiency, no need for additional
growth medium and nutrients, low waste sludge, and low cost. The
use of agricultural wastes and fruit peels as bioabsorbents is very
promising due to their low cost. They are also environmentally
friendly. There are some limitations in the use of fruit peels, such
as low absorption capacity, which can be compensated by various
chemical modifications, such as placing adsorbents in acid, alkali,
organic solvent, and other reagents (Villen-Guzman et al., 2019).
They showed a 2.5 times increase in nickel absorption by lemon
peel by using NaoH to modify the absorbent surface. The
improvement of the alkali-modified surface can be due to the
transformation of the lignin structure into a negative charge and the
increase of anionic sites more interested in the absorption of metal

cations. In addition, the increase in absorption capacity can also be
due to metal hydroxide precipitation. Modification of Aspergillus
niger with NaOH has also increased the absorption capacity
according to reports (Amini et al., 2009). The positive results of
biological absorption by mango peel absorbent modified with
sulfuric acid have shown the appropriate performance of rice husk
modified with humic acid (Basu et al., 2019).

Seaweeds are considered an important adsorbent because of their
high metal absorption, low renewable cost, and abundance in many
areas of the world. Brown algae have attracted a must attention
because of their high absorption capacity, which is mainly due to
the polysaccharides present in their cell walls. These
polysaccharides are mainly responsible for the function of
carboxyl and sulfonic acid functional groups, which are active in
the ion exchange process (Barquilha ez al., 2019).

In the investigation of the nickel ion removal process by
discontinuous method, effective parameters such as initial pH of
solution, adsorbent amount, initial concentration of solution,
contact time, and temperature were evaluated. The laboratory data
were analyzed with the Friendly and Langmuir isotherm model and
it was observed that the results are in better agreement with the
Langmuir isotherm than the Friendly isotherm. Based on the
Langmuir model, the maximum absorption capacity of the
adsorbent for Butnickel is 18.09 (mg/g). Pseudo-second-order and
pseudo-first-order models were used for the traditional
investigations of the process. The results of kinetic studies also
show that the pseudo-second-order model is more suitable than the
pseudo-first-order model in the absorption process of nickel ions.
Because of the investigations of thermodynamic parameters, it was
observed that nickel ion absorption is a spontaneous and
endothermic process. The results of the studies showed that natural
zeolite with its high capabilities can be used as an effective
adsorbent to remove heavy metals from aqueous solutions (Sadat
Hosseini ef al., 2015). Gholami et al. (2013) conducted a study to
remove nickel and cadmium from polluted water using bagasse
nanoparticles. In this research, bagasse (sugarcane bagasse)
nanometer adsorbent was used to remove nickel and cadmium ions
from polluted water through continuous experiments. At first, pH
tests were performed on aqueous solutions with a concentration of
five mg/liter, an adsorbent amount of 10 g/liter, a contact time of
12 hours, and a pH range of three to eight for the studied adsorbent.
The optimum pH for the adsorbent of bagasse nanoparticles for
nickel and cadmium metals was 6 and the equilibrium time for both
metals was 15 minutes. Adsorption isotherm experiments were
performed at laboratory temperature, optimal pH, and optimal
equilibrium time. Adsorption efficiency was determined for initial
concentrations of 2, 5, 10, 15, and 20 mg/liter of metal solutions.
Then Langmuir-Freundlich-Riedlich-Peterson and Langmuir-
Freundlich isotherm models were fitted on the experimental
equilibrium data, and in all experiments, the Ridlich-Peterson
model described the experimental data better.

To determine the optimal adsorption conditions, the effect of
important parameters such as adsorbent weight, contact time, pH,
and initial concentration were studied. In addition, thermodynamic
studies (changes in standard Gibbs free energy, entropy, and
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enthalpy), isotherm studies (adsorption capacity), and kinetic
studies (adsorbent sensitivity or time) were studied

Conclusion

Heavy metals, including nickel, are a serious threat to the
environment and public health because of their toxicity,
accumulation in the human body and other living organisms,
stability, and non-degradability. The old conventional methods of
separating heavy metals from wastewater and aqueous solutions
are expensive and inefficient at low concentrations of metal ions.
Biosorption with non-living microorganisms and biological
materials has more benefits than living adsorbents. The abundance
and low value of biological adsorbents justify their use from an
economic point of view. The use of physical and chemical methods
to modify the surface of the bio-absorber, the internal modification
of the cell, and the combination of biomass with other materials
have an effect.

On an industrial scale, the design of an inexpensive reactor or
biological adsorbent and, if needed, chemical modifications, along
with taking into account the optimal operating conditions
according to experimental data, can bring acceptable results.
Although it is desirable to maintain all factors at similar levels in
each stage of scaling up, it is not possible. During the upgrade of
the scale, due to the dissimilarity of the conditions of the
production line devices with the laboratory equipment, we usually
face a decrease in performance, which is a big challenge for the
industrialization of the biosorption process. Based on
thermodynamic studies, negative AG values, and positive AS
values have been reported in most nickel biological absorption
processes with different adsorbents. The negative value of AG is
due to the spontaneity of the process and the positive value of AS
is due to the increase of random collisions between solid and
solution during the process.
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