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Abstract
Metals are ubiquitous chemical entities that participate in an extensive array of biological processes. Despite their
vital role in life support, excessive exposure may have neurotoxic consequences, posing a threat to public health.
Excessive metal exposure has been related to neurodevelopmental and neurodegenerative illnesses, and it adds
significantly to the environmental risk of neurological disorders. In recent decades, the elimination of toxic metals
from biological fluids has garnered increasing interest. Magnetic Nanoparticles Capturing agent (MNCA)-based
magnetic separating has recently been utilized as an effective adsorbent for the removal of toxic metals from plasma
and aqueous solutions. It's the next generation of toxic metal poisoning therapy. These article review focuses on the
present trends in the adsorption of toxic metals such as cadmium and lead as they are components of the
atmosphere's crust and are prevalent ecologically.
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Introduction
Metal ions, such as sodium Na+, potassium K+,
Magnesium Mg 2+, and calcium Ca2+, are essential
for human activity , whereas others could be
hazardous as in extremely little amounts.(1)
Whenever it refers to minerals like iron Fe, zinc Zn ,
copper Cu, and manganese Mn , they can potentially
create harmful consequences if present in excess or
if their homeostasis is disrupted by certain
conditions. (2) Nevertheless, these minerals
represent an essential and advantageous part in the
metabolic
reactions.
Heavy metals are metals and metalloids with high
densities (above 5 g/cm3), bioaccumulative
capability in the food supply chain, and severe
cytotoxicity to living organisms.(3)Numeral
investigator propose substituting "possibly
hazardous components" for the problematic phrase
"heavy metals" (4). However, this category includes
metals such as cadmium (Cd), lead (Pb), nickel (Ni),
chromium (Cr), and mercury (Hg), as well as
metalloids such as arsenic (As), originating from

both natural and industrial sources.
Exposure to xenobiotic metals is widely
documented to induce gastrointestinal, pulmonary,
vascular, sexual , nephron , and neurological
diseases. (5) a few of toxic metals can increase the
development of malignancies via diverse
pathogenetic
linkages
and
impair
their
susceptibility to therapy.(6) These metals induce
oxidative stress (an increase in the degree of
oxidative damage within a cell), which destroys
lipids, proteins, and DNA molecules and promotes
the development of cancer which are deeply
analyzed by various researchers. (7)(8)
Sources and emission
Toxic metals are mostly released into the
environment through industrial effluents, organic
wastes, refuse burning, transportation, and energy
production.
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Depending on whether they are in gaseous or
particle form, they can be transported by wind to
locations several miles away from their
sources.(10)Metallic contaminants are finally
washed out of the air and onto land or waterway
surfaces, thus, the air is also a source of
environmental contamination. (11)

Since waste from mining and smelting operations
can also spread through the flow of drainage water
from catchment areas, metal-containing industrial
effluents are a major source of metal pollution in
the hydrosphere.(12) Table 1 lists the hazardous
metals in industrial effluents.

Table 1: hazardous metals in industrial effluents.
Metal
Manufacturing Industries
Arsenic
Phosphate and Fertilizer, Metal Hardening , Paints And Textile
Cadmium
Phosphate Fertilizer, Electronics, Pigments And Paints
Chromium
Metal Plating , Tanning, Rubber And Photography
Copper
Plating, Rayon And Electrical
Lead
Paints, Battery
Nickel
Electroplating , Iron Steel
Zinc
Galvanizing, Plating Iron And Steel
Mercury
Chlor-Alkali, Scientific Instruments , Chemicals
According to their level of toxicity, all metals may
Toxic effects of heavy metals
be categorized into three groups: highly toxic,
Numerous applications of heavy metals industrial,
moderately toxic, and lowly poisonous metals. (16)
farming, healthcare and technology have resulted
Certain metals with hazardous and carcinogenic
in extensive dispersion in environment, which has
qualities such as Cu, Fe, Cd, Cr, Ni, Ag, and V may
raised worries over their impact on human and
interface with nuclear proteins and nucleic acids,
environmental health. (13) A degree of heavy metal
resulting in the generation of reactive oxygen
toxicity is determined by a number of parameters,
species that cause oxidative degradation of 543
including dosage, mode of connection, types of
biological macromolecules, including nucleic acid
chemicals, in addition to age, gender, heredity, and
damage, peroxidation, and protein sulfhydryl’s,
dietary status of the individual who's really
among other consequences. (17) Neurotoxicity,
exposed.(14) Due to their high levels of toxicity, As,
hepatotoxicity, and nephrotoxicity are three of the
Cr, Cd, Pb, and Ag are metals with significant
harmful consequences of metals.(18) Figure 1
implications for public health. These metals are
provides a summary of the sources of heavy metals.
regarded as systemic poisons that may cause organ
failure even at lower exposure levels. (15)
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Figure 1: Sources of heavy metals and human exposure to them
Neurotoxicity of metals
Neurotoxicity is the direct or indirect action of a
biologic, chemical, or physical substance that
disrupts the central nervous system and/or
peripheral nerve system of people or animals,
therefore diminishing their ability to survive,
reproduce, or adapt to their environment. (19)
Neurotoxicity is a typical health endpoint for high
levels of metals in the body, among other harmful
consequences that metals may have. (20)
The nervous system may adjust to the toxic effects
of a low dosage of toxicants, while continuous
exposure at a lower dose can result in a gradual
loss of brain tissue and numerous neurological
diseases. (5)
These conditions include
neurodegenerative illnesses like Alzheimer's and
Parkinson's .(21)
Consequently, neurotoxic consequences might be
observed in old age, yet their causation may be tied
to events that occurred decades before. The
restricted capability of neurons to repair after
damage explains neurodegenerative disease.(22)
Lead
Lead is a toxic metal which is hazardous to both
public health and the environment, and its
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widespread usage throughout history has resulted
in both of these issues in many regions of the world.
Upon coming into contact with air, it will start to
tarnish, which will result in the formation of a
complicated combination of compounds depending
on the circumstances.(23)
A quantity of lead that is absorbed by the digestive
system is contingent upon a number of variables,
including the age, nutrition, and food of the
individual, or even the physiological properties of
the metal present in the medium that is
consumed.(24) Saturable mechanisms accomplish
most of the absorption in the duodenum, which is
located in the lower part of the digestive system,
whereas the upper part of the digestive tract does
most of the absorption while the kidney is the
primary organ responsible for the elimination of
absorbed lead.(25)
Related to lead disposition when absorbed, 99
percent of circulatory lead is connected to red
blood cells and distributed throughout the soft
tissues, including the brain, hepatic, kidney cortex,
aortic, respiratory system, spleen, tooth, and
bones.(24) Pregnancy, menopausal, lactation, and
osteoporosis may all elevate osteoclast activity and,
as a result, blood lead levels .(26)
Indeed, the processes of Pb neurotoxicity are
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complicated and numerous. Pb gets through the
blood-brain barrier (BBB), builds up in the brain,
and mostly hurts the prefrontal cortex,
hippocampal, and cerebellum.(27)
Lead affects the neurological system by mimicking
calcium action and/or disrupting calcium
homeostasis since High lead exposure changes the
blood-brain barrier in many ways, making it easy
for chemicals, ions, and water to get into the brain.
This is what causes acute lead encephalopathy. (28)
Cadmium
The Agency for Toxic Substances and Disease
Registry (ATSDR) ranks cadmium (Cd2+) as the
seventh most dangerous substance on the 2019
priority list .(29) Humans or animals may be
exposed to it at work or in the environment
because it is a byproduct of zinc manufacturing.
Cd2+ extended biological half-life is mostly
attributable to its poor excretion rate.(30)
Cadmium consumption at high doses can produce
nausea, vomiting, and diarrhea in those who have
been exposed to it for only a short period of time by
inhalation while Cadmium accumulates in the
bones and lungs after long-term exposure. As a
result, long-term exposure to cadmium can harm
bones and lungs , Thus, continuous exposure into
Cadmium is hazardous due to its buildup in many
organs, such as the renal , hepatic and nervous
system over time .(30)It has been found that Cd2+
increases the risk of program cell death, oxidative
stress, DNA methylation, and Damage to DNA. (17)
Clinical studies are finding more and more evidence
that Cd poisoning may be a cause of
neurodegenerative illness .(30) The neuro-toxic
effects of Cd2+ were complicated and related to the
both biochemical alterations of the cell and
functional alteration to the nervous system,
indicating that neurotoxic impacts could play a
major role in the systemic poisonus consequences
of
cadmium
expos,
especially
long-term
exposure(31).
Arsenic
From both an environmental and individual health
perspective, arsenic is among the most dangerous
heavy metals; it is semi-metallic, very poisonous
and carcinogenic, and widely available as oxides,
sulfides, or salts of iron, sodium, calcium, copper,
etc. Arsenic is the tenth most common element on
Earth. Its inorganic forms, such as arsenite and
arsenate, are harmful to living things and the
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environment (32).
Arsenic can be ingested orally, breathed, and
absorbed via the skin, but dermal absorption is
significantly less than oral and inhalation
absorption. Inorganic arsenic is often methylated in
the liver, but the «first pass» after being absorbed
from the digestive tract has not been studied.(33)
Arsenic's toxicity and carcinogenic effects have
been shown to be linked to metabolic pathways,
As+3, as arsenite, is absorbed by the cells at a
greater rate than As+5, as arsenate, and is
considered more hazardous than arsenate. Due to
the fact that arsenite is more toxic than arsenate,
the reduction phase might be viewed as a
bioactivation rather than a detoxifying response.
(34)
The potential of arsenic to generate oxidative stress
and mitochondrial malfunction is one of the most
fundamental mechanisms that contribute to the
neurotoxicity of arsenic.(35) In the rat brain,
arsenic treatment resulted in reduced activity of
mitochondrial complexes I, II-III, and IV, as well as
an increase in the levels of reactive oxygen species
(ROS) which is responsible for the damage to the
lipid bi-layer, as well as the enlargement of the
mitochondria and the reduction in the membrane 545
potential that it induces.(36) It has also been shown
that oxidative stress, in addition to a problem with
the mitochondria, can lead to neurodegeneration
(37).
Heavy metal detoxification
The initial step in treatments of toxic metals
poisoning is to separate the person from the
environment in which they were exposed to the
heavy metals and to eradicate the source of their
exposure. Treatment that focuses on relieving
symptoms and providing support, as well as
ensuring that different organs of the body,
including the renal, hepatic, pulmonary, and cardiac
systems, are constantly monitored, makes up the
first line of defense in medical treatment (38). Coprecipitation, ion-exchange, adsorb, membrane
filtering, electrochemical methods , and others are
used to remove heavy metal ions, but in the last few
decades there have been significant efforts to
develop devices for cleaner production and
environmental remediation (39).
Adsorption is one of the most popular types of
treatment right now because it is cost-effective,
works well, has a lot of design and operation
options, and can be reversed (40) Since this
technique is appealing and more adaptable than
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others, it is preferable. It is the use of solids to
eliminate substances from aqueous or gaseous
medium (41). Due to nature of the interactions
between adsorbent molecules and adsorbate
surface atoms, Adsorption may be seen as either a
physically or a chemically process, depending on
whether it is guided by waals or electrostatic
interaction.(42) The type and amount of the toxic
mwtals, as well as the kind, size, and features of the
adsorbent and its operating parameters such as pH,
temperatures, and exposure duration, are among
the variables that influence the effectiveness of the
adsorption process.
Adsorption efficiency is commonly measured by
adsorption capacity and percentage, which are
characterized by kinetic parameters and maximum
adsorption isotherm models .Knowledge of
adsorption rate and the efficient design of
adsorption systems, it is crucial to comprehend and
interpret adsorption isotherms correctly. (43) The
adsorption equilibrium is one of the most
important pieces of information in understanding
the adsorption process, and it may be obtained by
modeling the isotherm data for precise
generalization. The equilibrium adsorption
efficiency (RE, in percent) and capacity (qe, in
mg/g) of heavy metals on the adsorbent are
determined using Equations (1) and (2),
respectively, as follows:(44)
RE (%) = C0 – Ce /C0 × 100
(1)
qe (mg/g) = (C0–Ce) × V/ M
(2)
C0 and Ce represent the starting and equilibrium
concentrations of the adsorbent in solution; V
represents the volume of the solution; M represents
the mass of the adsorbent; and qe represents the
equilibrium absorption value.
different natural source adsorbents, like extracts,
and artificial materials, like carbon nanoparticle
tubes , bio-sorbents, and magnetic nano-capture
agents (MNCA), have been utilized to elimination of
toxic metals from polluted aqueous solution .(45)
Widespread use of various glyco natural polymers
as adsorbents for the elemenation of toxic metals
from polluted wastewater. Chitosan, lignin,
carboxymethyl cellulose, and alginate-based
adsorbents have been extensively used because to
their cheap cost, efficiency, biocompatibility, and
biodegradability . this biopolymer include several
functional groups, including amine, hydroxide,
phenolic hydroxyl, methoxyl carboxylic acid, as well
as excellent hydrophobicity since These groups
increase the effectiveness of removing toxic metals
from water by chelating metal ions and forming
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complexes.(46)
Nanotechnology
based
heavy
metals
detoxification
Nanobiotechnology, which is related with data
science and cognitive abilities, is anticipated to
open new doors in the next decades in several
fields, including agriculture, the environment,
medicine, the military, and different commercial
sectors.(47) In the last few decades, researchers
have been interested in nanotechnology as a way to
reduce pollution in the environment.(48) In
particular, nanoparticles and their use in toxic
metal elimination. Nano sized metal based particles
such as zero valent metal, metal oxides, metal
containing NPs, clay minerals, graphene, activated
carbon, and carbon nanotubes are typical of NMs
with sizes ranging from 1 to 100 nm. (49)In recent
years, nanotechnology has provided several
strategies for identifying and creating potential
nanoadsorbents for use in environmental
applications.(50)
magnetic nanoparticles capture agent (MNCA) is
an efficient method for removing target poisons
directly throught aqueous solutions and biological
fluids (51) There are two components to MNCA: 546
magnetized nanoparticles (MNPs) and attachment
sheets on the surface. These have been used to
specific attach to toxins and utilizing from extra
magnetic forces to separate them. (52) MNCA has
been expanded to collect microorganism,
endotoxins, medicines, heavy metals, and some
others. (53)
According to reports, MNPs offer more target
specificity and cost-effectiveness than conventional
therapy procedures. Also, it has been shown that
the biological synthesis of MNPs is good for the
environment and helps with sustainable
development. (54)
Well-known features of MNCA, like shape, size, zeta
potential, and functional groups, among others,
have a substantial effect on its bio-compatibility.
Strategies to enhance features such as
biocompatibility, poor bio-degradability, and
chemical instability in a physiological setting rely
on MNPS and super paramagnetic iron oxide
nanoparticle surface modification (SPIONS).(55)
MNPS has been covalently functionalized with
biodegradable and biocompatible polymers,
including polysaccharides and linoleic acid (56) .
Pectin is a polymer capping agent that has been
particularly noteworthy due to its biocompatibility,
biodegradability, and nontoxicity, allowing it to be
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used in biological systems without harming live
organisms (57).
Pectin based iron oxide nanoparticles
Pectin is a class of complex polysaccharides with a
linear polymer of 1,4-linked-D-galacturonic acid
units with varying content, structure, and molar
mass. the acid composed of carboxyl groups that
occur as methyl esters (58) .Pectin may be found in
nearly all plants, but citrus fruits such as oranges,
lemons, grapefruits, and apples are the primary
sources of commercial pectin. (59) Pectin has
potential use in a variety of fields, including
medicine
as
a
carrier
for
controlled
pharmaceuticals or bioactive releases, such as in
nasal, visual, and mouth drug administration and
wound repair. (60)Pectin possesses metal-binding
ability, assists in the removal of toxic metals, and is
regarded as a dependable, side-effect-free
alternative to traditional cheaters .(61) Pectin is
water-soluble, so no harmful solvents are used for
its manufacture, making it both environmentally
and user-friendly , Due to its high water solubility,
its application contributes to the environmentally
friendly
manufacturing
of
iron
oxide
nanoparticles.(62)
Pectin also possesses the hydroxyl (-OH) functional
group, which improves its chemical characteristics,
and COOH groups, which allow direct association
with magnetite nanoparticles .(63) There have
been reports of hybrid nanomaterials composed of
pectin and magnetite nanoparticles. These
nanomaterial’s combine the bio sorbent qualities of
pectin with the magnetic capabilities of magnetite
in order to eliminate contaminants. (64) Due to its
high adsorption, rapid elimination abilities, and
simple separation techniques in an aqueous
solution, the coating iron oxides magnetic Nanocomposite has been deemed suitable for removing
different sorts of pollutants throught water. (65)
Recent interest in iron oxide-based composites has
been fueled by the ability to generate a great
number of super paramagnetic nanoparticles
utilizing a simple one-step synthesis technique. Due
to the fact that they are super paramagnetic and
easy to separate in a magnetic field, they can be
used for targeted delivery of active compounds and
adsorbents .(66)
Applications of absorption for the removal of heavy
metals
In the following paragraphs, we examine in detail
the use of pectin, iron oxide nanoparticles, or both
for the removal of toxic metals such as lead and
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cadmium.
By extracting and analyzing the pectin, IbarraRodrguez et al. (67) assessed the efficiency of nopal
pectin in the elimination of heavy metals. Cd2+ and
Pb (II) had highest adsorption efficiencies of 44.67
and 67.83 percent, respectively. This affinity may
result from the binding of metallic ions to NP
polymer with a certain degree of esterification, via
the hydroxyl and carboxyl groups of galacturonic
acid. (68)While Xueyi Guo et al. (52) used MNCA to
eliminate lead and cadmium from human blood
with great efficiency, the removal efficiencies of Pb
and Cd in blood were 81.02 and 63.17 percent,
respectively.
Although
Roushenas
et
al.
(69)developed pectin-Fe2O3 Nano composite using
a one-step chemical precipitation approach and
employed it as an eco-friendly adsorbent to remove
Cd2+ and Pb2+ from aqueous solution, Cd2+ and Pb
(II) had the highest adsorption efficiencies of 470
and 325 mg g-1, respectively. These values are
greater than the majority of other reported
adsorbents.
Perspectives and conclusions
Toxic metal contamination is a real concern that
threatens human health. Lead and cadmium are 547
non-essential elements that serve no biological role
in the body. Increasing exposure levels cause
substantial deleterious consequences. These metals
have neurotoxicant effects that contribute to
neurodegenerative diseases. Numerous approaches
and techniques for remediating heavy metals are
emphasized. Adsorption has been effective. In this
paper, we investigated the capacities of magnetic
pectin nanocomposites made through precipitation
for the elimination of cadmium and lead from
aqueous solutions.
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