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Abstract

One of the most critical environmental problems is heavy metal pollution, which is made worse by the impact of certain
industries in certain nations. One of the primary hazardous heavy metals found in soil is cadmium (Cd). Soil cadmium
pollution is a worldwide problem. All soils contain cadmium, a naturally occurring metal that comes from both geogenic
and human sources. Cadmium has an impact on people, plants, and soil microorganisms. A disruption in the intake and
translocation of mineral nutrients and a disruption in plant metabolism may cause Cd toxicity in crops, which can impede
the growth and development of the plants. Some of the approaches used to remove heavy metal pollution from the air
include physical, chemical, and biological. It is crucial to bear in mind that some of these have time or money limits. In
situ, immobilization, phytoremediation, and natural approaches are the best ways to remove metal(loid) from the soil
presently. Some of the remediation solutions included phytoremediation of Cd metal from Soil, highlighting the in-situ
immobilization strategy as a particularly efficient way to remove Cd from soils. Heavy metals should not penetrate the
atmosphere, established order, or exposure to people and animals as part of remediation activities at a contaminated
site." All of these site-specific characteristics impact the treatment procedure applied at any particular site, including soil
type, synthetic chemical type, and depth of contamination. In this study, we examine several molecular techniques for
reducing Cd accumulation in grains and discuss new developments in the molecular processes of Cd accumulation in
cereal crops.

Keywords: Cd, sources of Cd, removal methods, Brassica rapa, Soil microbes, Phytoremediation, In situ
immobilization, Environmental challenges, Remediation solutions
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1. INTRODUCTION

The biological system's soil is the most critical ecological component. Plants and animals, as well as humans, rely on soil
for their existence and growth (Wang et al. 2011). Heavy metals from urban and metropolitan rubbish pollute soil and
water, raising environmental issues. There may be a danger to people even at low concentrations of heavy metals that
include more than four grams per cubic centimeter of thickness (Duruibe et al. 2007). In addition to the parent rock, human
labor, and the soil's physical-substance qualities, heavy metal provides the energy source for the process. Ecological testing
requires a full understanding of natural occurrences of heavy metals. For heavy metal aggregation and accessibility in
soils, acidity, and organic matter are critical physical and chemical components (Ramos-Miras et al. 2011). A trace element
called Cd has the potential to be hazardous to both plants and mammals. Cd is a dangerous heavy metal that belongs to
the 12th group of the periodic table with an electronegativity of 1.69 and a specific density of 8 g/cm3. It also has an
atomic number of 48. Even at low concentrations (0.001- 0.1 ppm), most aquatic life is adversely affected by cadmium
(Chellaiah, 2018). Its introduction into the food chain poses serious health risks to people (Chaney, 2015; Shahid et al.,
2017). The primary natural sources of Cd (100-500 tonnes year-1) include volcanic activity, and weathering, including
erosion (15,000 tonnes per year), marine phosphates (15 mg kg™!"), and volcanic soil (4.5 mg kg-1). Primary human sources
of cadmium include sewage sludge, the cement industry, fuel combustion, power plants, protective steel plating, polyvinyl
chloride (PVC) stabilizers, phosphate fertilizers, plastics, glass as a pigment, nickel-cadmium battery electrode material,
mining activities, smelting zinc into various alloys (Malyan et al., 2019; Sharaff et al., 2020; Singh et al., 2018). In
addition to the platinum group metals, heavy metals include arsenic, cadmium, and cadmium-containing metals such as
copper and iron are sources of cd. Nonmetallic and metallic qualities may be described using the term "metal(loid)s." No
matter how they enter the environment, metals, and metalloids may be found in the soil, water, plants, and animals alike.
Various amounts of metals may be found in Arctic soil, water, and plant materials (Szefer et al. 1997). With the reactivity,
high mobility, and chemical similarity to that of the important element zinc (Zn), plants can absorb Cd even at lower
concentrations of soil Cd levels (Rehman et al., 2017). In humans, cadmium causes lung inefficiency, liver damage, renal
dysfunction, bone loss, hypercalciuria, hypertension, and neurological issues (Cabral Pinto et al., 2020).

Despite being poisonous and non-essential to plants, Cd can be absorbed by a variety of food plants and may accumulate
in the eating sections. Plant Cd accumulation is influenced by the physio-chemical characteristics of soils (Li et al., 2019).
Furthermore, a lot of studies have thoroughly described the poisonous effects of heavy metal toxicity, like Cd, on normal
microbial activities in soil (Subrahmanyam et al., 2018). A variety of unique soil factors and plant traits have the highest
impact on the amount of Cd that plants can absorb (Rizwan et al., 2016). The Cd poisons and bicoaumulatioin in the food
change should be reduced to reduce its chronic effects in living organisms. The use of green techniques for the removal
of chromium is necessary to decrease its versatility and movement is crucial for the safety of the ecosystem (Cojocaru et
al., 2016). To remove dangerous toxins from the environment, bioremediation uses higher plants, naturally occurring
bacteria, and genetically modified microorganisms (Gupta et al., 2020; Kumar et al., 2017). Higher green plants are
employed in phytoremediation to remove Cd from soil. The capacity of different species of plants for the removal of heavy
metals from soil using eco-friendly techniques has been adopted (Yadav et al., 2018). Phytoremediation involves some
processes, including phytostabilization, phytovolatilization, phytodegradation, phytostimulation, and biodegradation
(Yadav et al., 2018). Several different plant varieties, including sunflower (Rizwan et al., 2016b), sorghum (Feng et al.,
2017), Brassica species, and maize, are regarded as accumulators because they can tolerate higher Cd concentrations in
their above-ground parts (Rizwan et al., 2017c¢). Brassica species have great potential for the accumulation of cadmium in
various parts without effects on its morphological and physiological health. The plans are also used for biofuel after
cultivation when they absorb a amount of heavy metals (Cojocaru et al., 2016).

The current study provides a selected synopsis of the origins of lead contamination in some food plants, the toxicity of
lead to plants and people, brassica spiking, and bioremediation techniques for removing lead from brassica. The majority
of the elements of phytoremediation, microremediation, and other influencing variables for the removal of Cd have been
gathered in this work. In the present study, heavy metal-like (Cd) contamination of the soil, and remediation approaches
of Cd through brassica plants are examined.
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1. Source of soil pollution

Metal emissions, both inorganic and organic, may be seen in the atmosphere. Pedogenic processes in the soil help to
preserve parent rocks. Lead mining, purification, automobiles, and lead paints have all expanded over the last several
years, contributing to an increase in lead emissions (Miralles et al. 2006). Lead and zinc manufacturing releases toxic
heavy metals such as Hg and Cd into nature (Sumiahadi and Acar 2018). With leaded gas, this includes the usage of
compost, animal waste, coal-burning, and the production of petrochemicals, which release heavy metals into the open air.

1.1. By Mining activities

Human activity is the primary source of heavy metal emissions from mining, and these metals persist in the atmosphere
long after mining operations have ended (Nriagu 1989). Most of the time, mines pollute rivers and lakes with their waste
products (INECAR 2000). Large amounts of heavy metals, both inorganic and naturally occurring, were released into the
atmosphere. Hand-unloading mined materials in manual dressing procedures increases the toxicity of heavy-metal
contamination (Huan et al. 2017).

1.2. By Fertilizers

Because of their early participation in gardening, humans were accepted by nature almost immediately. The availability
of micro- and macronutrients is critical for development and the maintenance of the life cycle. Metals that are essential
for plant development but depleted have been supplied through foliar and soil application. Farmers in wide and developing
agriculture use large amounts of manure as a source of nitrogen, phosphate, and potassium for their crops (Dhaliwal et
al. 2019). Utilizing composts high in phosphorus might unintentionally lead to soil contamination with potentially
dangerous elements including fluoride, mercury, and lead (Duruibe et al. 2017).

1.3. By Pesticides

It used to be that some of the most common herbicides used in agriculture included heavy metals. Synthetic chemicals
like Pb, Hg, Mn, Cu, and Zn may now be used in pesticides in the United Kingdom. It is possible to fight fungus by using
copper-based insecticides such as the Bordeaux combination of copper oxychloride and copper sulfurate (Goswami &
Das 2015). As a means of controlling parasites, lead arsenate has long been used in natural product crops. Several ways
for preserving timber employ, Cr, and Cu metals. For agricultural reasons, the continual defiling of these regions is a
major problem (Huang et al., 2016).

1.4. Biosolids and Manures

Biosolids are naturally resilient materials that may be put to use as a byproduct of wastewater treatment. Biosolids from
urban populations may be used in horticulture in many nations because of the significant usage of bio-strong materials on
horticulture land. The use of municipal biosolids such as sewage sludge, fertilizer, and compost may help reduce heavy
metal pollution in the soil (Ghnaya et al. 2009). Poultry and pig weight management programmers use Cu and Zn in
addition to compost as the main manure to improve growth, as well as address medical issues (Lianwen et al. 2018).
According to official estimates, 5.6 million metric tons of sewage slime are deposited on agricultural land in the United
States each year (Goswami and Das 2015).

1.5. By atmospheric deposition

The contamination of soils by heavy metals is a major consequence of modern activities such as burning coal and gasoline.
There will be an increase in the long-term amounts of heavy metals such as niobium, zinc, lead, and copper (Boyd 2004).
Concerns about environmental contamination have been expressed by current districts throughout the Northern
Hemisphere (Shotyk et al. 2003). Lead and boron are two of the most prevalent anthropogenic impurities found in the
environment and medical therapy (Mielke et al. 2005). Power plants, refineries, automotive pollution, volcanoes, aquifers,
and other natural phenomena all increase the emission of lead into nature (Weiqing et al. 2016). More than 90 percent of
the total quantity of boron in the atmosphere comes from the vapourous form, which accounts for between 0.2 and 300
parts per billion (Boyd 2004). Metals, like as arsenic, pb, and cd, are provided as unstable particles during the high-
temperature treatment of these materials. These components were reduced to tiny fragments (Sun et al., 2023). Stack
discharges may be removed from the vapor stream by distributing them across a vast region with the wind in dry or wet
precipitation systems. Compared to urban regions, rural areas tend to have a lower rate of criminal discharges. Based on
the kind of source and location, metals are categorized. Near sewage treatment plants and soils, the concentrations of Zn,
Cd, and Pb are very high. Soil contamination in metropolitan areas and regions that connect to them is exacerbated by Pb
emissions from burning petroleum. Zn and Cd are released from the tire and oil industries (Egwuonwu et al., 2023).

2. Pollution of soil by cadmium

In different crustal rocks such as granite, basalt, shale, sandstone, and limestone, Cd is distributed at concentrations of
0.15, 0.2, 1.4, 0.03, and 0.04 g/g, respectively (Cullen and Maldonado, 2013). Due to their harmful effects, extreme
persistence, and inability to degrade, heavy metals present in the soil environment pose a potential threat to human health
(Khan et al., 2016). Exchangeable, hydrous-oxide, carbonate, organic, and sulfide forms of Cd may exist in soils (Adriano,
2013). Expended nutrients and heavy metals (Zn, Cd, and P in wetlands) from hydrological and atmospheric sources are
primarily absorbed by soils (Candeias et al., 2014; Jacob et al., 2013). However, non-ferrous metal mining, the production,
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and use of phosphate fertilizers, solid waste disposal, non-ferrous metallurgy, the use of sewage sludge, and wastewater
irrigation practices also cause soil pollution (Khan et al., 2016).

3. Chemistry of Cd

The element cadmium is located at the end of the second column of transition elements. Its atomic weight is 112.4, atomic
number is 48, density is 8.65 g cm”, melting point is 320.9°C, and boiling point is 765°C. Cd is one of the three main
heavy metal poisons, along with Pb and Hg, and is not known to have any essential biological activities. In its compounds,
cadmium appears as the divalent (cadmium Cd) (II) ion. Cadmium is situated just below zinc in the periodic table. Zinc
is an essential mineral for both plants and animals. This might partially explain why Cd is so poisonous; because zinc is
an essential trace element, substituting it with Cd could cause metabolic processes to malfunction (Campbell et al., 2006).

4. Cd sources in the environment

4.1. Natural sources of cadmium

Cadmium (Cd) is a rare metal that is mostly found in zinc deposits as a result of volcanic activity, forest fires, and
weathering of cadmium-rich rocks (greenockite). Volcanic eruptions discharge between 100 and 500 tons of Cd into the
atmosphere (Unsal et al., 2020: Saini et al., 2020). In addition, a significant natural source of Cd in aquatic bodies is
volcanic activity in the deep sea. At the earth's crust, where it is abundant, Cd is present in concentrations of 0.1- 0.2 ppm.
Although Cd can also be found in ocean water, it is mostly (approximately 500 ppm) found in sedimentary rocks,
phosphorites, and marine phosphate (Saini et al., 2020). A significant natural source of air cadmium is thought to come
from volcanic activity. The massive number of materials released and the Cd concentration in the volcanic aerosol have
led to this predicament. Other naturally occurring sources of atmospheric Cd include forest fires, ocean sprays, and the
emission of metal-enriched particles from terrestrial vegetation. Only in the case of release from vegetation are the
quantities anticipated to be considerable on a global scale for these sources, which are difficult to assess. Although it rarely
leads to any noticeable enrichment of the metal in the environment, weathering of crustal minerals plays a significant part
in the natural cycle of Cd. One prominent exception is the presence of cadmium-enriched carboniferous shales in diverse
places of the world. High quantities of Cd are also present in the soils created by these deposits and in the plant that grows
there.

5.2 Anthropogenic source

The usage of synthetic phosphate fertilizers containing Cd as an impurity is one of the main causes of the rise in Cd levels
in soil and groundwater (Kubier et al., 2019). Groundwater and soil cadmium toxicity is a worldwide problem (Chellaiah,
2018). Anthropogenic Cd is released into groundwater and soil via the metals industry, transportation, landfills, mining,
accidents, combustion emissions, and sewage sludges (Bigalke et al., 2017). Australia, Britain, Canada, Denmark, Finland,
Germany, New Zealand, Norway, Sweden, and the United States are just a few of the nations that have researched the
process of groundwater intrusion (Taylor et al., 2016). Landfills, Cd-Ni batteries, and solid municipal trash are the main
global sources of Cd contamination (Khan et al., 2017). The natural diversity of minerals and rocks in the nearby soils
may contribute to an increase in Cd levels in the environment relative to human emissions and activities (Bigalke et al.,
2017). The soil should be viewed as a significant temporary repository that can quickly change the concentration of Cd in
groundwater over a range of timescales, including decadal (dry vs. wet years) and annual (rainy vs. dry season), given that
Cd is easily activated (Sprynskyy et al., 2011). Rather than being a permanent sink for the metal. A product containing
Cd may also comprise coatings, alloys, pigments, polyvinyl chloride stabilizers, and platings (Sprynskyy et al., 2011). A
product containing Cd may also include coatings, alloys, pigments, polyvinyl chloride stabilizers, and platings.
Furthermore, Cd concentrations in surface waters tend to increase when lake water pH decreases due to the enhanced
geochemical mobility of Cd caused by acid rain and the ensuing acidification of soils and surface waters (Campbell et al.,
2006). Cadmium is an inevitable byproduct of refining lead and potentially zinc (Hussain et al., 2024). The overall
concentration of Cd in soils is increased by the use of agricultural inputs such as pesticides, fertilizers, and biosolids
(sewage sludge), by the dumping of industrial wastes, and by the deposition of air pollutants. Whether plant Cd absorption
happens to a large degree depends on the bioavailability of this Cd (Weggler et al., 2004).
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Fig. 1. Sources of Cd

Table 1. Concentration of Cd in some edible plants.

Edible plants Edible parts Cd Concentration Reference

Orange Fruit 0.005 (Sobukola et al., 2010)
Parsley Leaf 0.98 (Ali and Al-Qahtani, 2012)
Sugar beet Root 1.5 (Ramesh and Yogananda, 2012)
Tulsi Leaf 0.11 (Inam, 2013)

Cinnamon Bark 0.42 (Inam, 2013)

Potato Stem 0.18 (Gebrekidan et al., 2013)
Brinjal Fruit 0.9 (Labhade, 2013)

Black seed seed 0.073 (Matloob, 2016)
Cardamom Seed 0.156 (Matloob, 2016)

Turmeric Rhizome 1.34 (Jawad, 2016)

Grapes Fruit 0.15 (Ibraheen and Abed, 2017)
Rosemary Leaf 0.008 (Mosleh et al., 2014)
Pumpkin Fruit 0.01 (Islam and Hoque, 2014)
Radish leaf Leaf 0.01 (Maleki et al., 2014)
Coriander Leaf 2.4 (Sonawane, 2015)

Tomato Fruit 0.2 (Mohod, 2015)

Brinjal Fruit 1.8 (Sonawane, 2015)

Brinjal Fruit 0.99 (Soloman et al., 2017)

5. Cadmium effects on the environment

Lead (Cd) can collect and linger in soil for extended periods. This may render the soil unfit for plant development, which
might affect the ecosystem as a whole. Human health may also be negatively impacted by cadmium exposure. Following
of the environmental toxic effects are discussed below.

5.1. Cd effects on soil

Heavy metal pollution not only negatively impacts several variables that determine the quality and production of plants,
but it also modifies the size, composition, and activity of the microbial community (Yao and Huang, 2003). It is well-
recognized that heavy metals negatively impact the chemical and biological properties of soil. The characteristics of the
soil, such as its organic matter content, concentration of clay, and pH, have a significant effect on how much metals affect
biological and biochemical properties (Speira et al., 1999). The activity of arylsulfatase, urease, protease, and alkaline
phosphatase is adversely reduced by Cd contamination, but invertase is not much impacted (Chen et al., 2010).

5.2. Cd effects on plants

According to Gallego et al. (2012) and He et al. (2015), cadmium adversely affects nitrogen metabolism, protein
expression, nutrition, hydration intake, stomata opening and closing, respiration, photosynthesis, and cell division.
Excessive levels of Cd limit the development and production of plants because they negatively impact the enzymes that
regulate the Calvin cycle and glucose metabolism (Javed et al. 2017). According to Sobrino-Plata et al. (2014), Cadmium
stress in plants results in the generation of reactive oxygen species (ROS), which break peptide bonds, damage lipid and
nucleic acid structures, and alter the way that carbohydrates are metabolized, ultimately leading to protein oxidation.
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Fig 2. Cadmium effects in plants (Suhan et al., 2021)

Due to its occurrence in the environment from several anthropogenic causes and the threats it poses to the entire ecosystem,
Cd is regarded as a hazardous and non-essential heavy metal (Zhou et al., 2019). Most Cd ions are taken by plant roots
based on mobility, bioavailability, and concentration; however, the remaining amount can be absorbed directly from the
atmosphere (Ismael et al., 2019). Cd has a deleterious effect on plant phenotype, cytotoxicity (e.g., lowering chlorophyll
concentration and impeding photosynthetic effectiveness), and metabolic activities (e.g., chlorosis and cell damage)
(Hayat et al., 2018). Additionally, Cd accumulates in the roots, shoots, and edible sections of plants after entering plant
cells via different transporters such as Calcium (Ca) channels (Zhou et al., 2019). Cd in plants produces a variety of
physiological and biochemical changes (Feng et al., 2010). Additionally, Cd buildup in plants has harmful effects like
inhibiting various activities (minerals transportation, photosynthetic apparatus, and nutrient uptake). Additionally, it may
prevent Fe from entering plant shoots (Schiitzendiibel et al., 2002). According to Seregin et al. (2008), the xylem
parenchyma is what allows heavy metals to move into conducting tissues, however, the amount of Cd that can move
through the xylem is constrained (Haidri et al., 2023).

Soybean nodules exposed to Cd showed a reduction in primary ammonia absorption and nitrogen-fixing activity
(Balestrasse et al. 2003). Hydrocharis dubia L. demonstrated that in the early stages of Hg poisoning, the chromatin
condensed, the chloroplasts' thylakoids expanded, and the mitochondria's lumen widened (Hao et al. 2001). Garlic (Allium
sativum) root tip cells showed an unusual deposit of electron-dense globules in the vacuoles (Liu et al. 2000). According
to Yang et al. (2000), the organic and amino acids released by plant roots, such as citric acid, tartaric acid, oxalic acid,
succinic acid, aspartic acid, and glutamic acid, combined with heavy metals to produce soluble complexes that increased
the mobility of heavy metals like mercury, lead, and cadmium. According to Xu and Shi (2000), Nitrate reductase activity
was lowered by Cd. The effects of Pb and Cd in soil on rice and cotton revealed that, under the same conditions, genetically
modified cotton was more resistant to metal damage than regular cotton. At the same treatment level, rice leaves were less
able to absorb Cd and Pb than cotton (Qin et al. 2000).

Table 2. CD effects on plants

Cadmium (Cd) level  Plant species Effects on plants Reference
Increased lipid peroxidation, cell death, and Guan et al
200 uM CdCl, Mustard growth inhibition in plants. (2009)
Martinez-
Induced growth of plants, photosynthetic activity, Penalver et al.
50 and 100 uM CdCl, Mouse-ear cress and nutritional shortage. (2012)
Black Reduced net photosynthesis and made plants more ]()2%111%) ot al
200 uM Cd Nightshade poisonous.
Sweet Decrease in plant growth and metabolic activity of Kim et al
1 mM CdSOq Potato cells. (2010)
Kumar et al
0.4 mM CdCl, Red Seaweed Diminution of seedling growth. (2012)
Lipid oxidation, electrolyte leakage, and activated Singh et al.
50 and 250 uM Wheat oxidative stress in the plant root. (2008)
Decrease in the expression of the genes involved Zhao et al
100 uM Cd (NO3), Rice in protein synthesis. (2012)
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Decreased plant growth, root elongation, and seed Baruah et al.
220 ppm CdSO; Tomato germination. (2019)

Considerable decline in biomass, nitrogen

absorption, elongation, and nodulation of the Liu et al

10 mg kg-1 CdCl, Alfalfa roots. (2017)
Reduced transpiration rate, fresh weight, height, Liu et al
6 mg kg- 1 CdCl, Maize and photosynthetic activity of the plant. (2018)
Reduced chlorosis in leaves significantly and Baruah et al.
220 ppm CdSO» Pea prevented plant germination. (2019)
Inhibited grain's high Cd content, shoot length,and Abbas et al.
2.86 mg kg-1 Cd Wheat root development. (2017)
Plant growth and development were impeded by Younis et al.
100 mg kg-1 CdCl, Spinach high levels of Cd in leaves. (2016)

5.3. Cd effects on human health

Although cadmium cannot be metabolically broken down into less hazardous species and has very poor removal owing
to the absence of efficient chelating agents, cadmium presents a major health concern even at lower concentrations in the
body. The main ways that humans are exposed to cadmium are via food, cigarettes, and inhalation (Singh et al., 2020:
Unsal., 2020). In Figure 3, the effect of Cd toxicity on the human body is shown. Additionally, cd alters the body's T cell
population and functioning, which harms the immune system (Ebrahimi et al., 2020). Cd poisoning results in oxidative
stress, which disrupts the body's antioxidant defense mechanism and produces ROS, impairing the immune system. ROS
damages proteins, enzymes, and carbohydrates, which accelerates the lipid peroxidation of cell membranes. Moreover,
causing DNA damage and mutation that may further contribute to the development of cancer (Singh et al., 2020: Unsal.,
2020). Consuming acidic foods or drinks that were poorly stored in cadmium glaze containers can also cause CD poisoning
(Ullah et al., 2024). The levels of ingested Cd cause the gastric epithelium to become irritated, resulting in tenesmus,
vomiting, nausea, discomfort, stomach cramps, and diarrhea. Cd reaches the central nervous system (CNS) by modifying
the blood-brain barrier's permeability during breathing. Superoxide dismutase and glutathione in particular are affected
by Cd poisoning, which results in neurotoxicity and behavioral abnormalities (Malin and Wright. 2018: Saini and Dhania.
2020). Shortness of breath, lung edema, and the loss of mucous membranes are all symptoms of cadmium-induced
pneumonitis, which is caused by inhaling cadmium-contaminated air (Seidal K et al.1993). Acute gastrointestinal
symptoms, such as vomiting and diarrhea, have been linked to Cd contamination in food since 1942 (Nordberg 2004).

6.3.1 Kidney

Renal tubules may have experienced antagonistic reactions as a result of the present tolerance for low Cd concentrations.
Those who are continuously exposed to CD have long been known to suffer from kidney impairment (Barbier et al. 2005).
The kidneys get Cd in the form of cadmium-metallothionein, as previously stated (Cd-MT). The proximal tubules reabsorb
Cd-MT after it is filtrated in the glomerulus. Cd accumulates in the tubule’s cells, where it accounts for the majority of
the body's cadmium burden. As a person ages, the quantity of Cd in the renal tubule cells rises an effect on phosphorus
and calcium metabolism as a consequence of this phenomenon is being debated (Svartengren et al. 1986). Cd accumulation
in the kidney has been linked to an increase in calcium excretion and, as a consequence, to an increased risk of kidney
stones. It was shown that the concentration of Cd outcome in urine was directly linked to the extent of kidney damage
caused by Cd. 4 percent renal tubular damage is indicated by 2.5 micrograms of Cd per gram creatinine excreted in the
urine (Schwarz E 1993). For kidney injury, the urinary excretion of 2-microglobulin, NAG, and RBP serve as the key
indicators (Bernard A 2004). Urinary 2-Microglobulin and RBP levels were found to be considerably greater in
participants with elevated blood Cd concentrations in the China Cad study than in those with normal levels (Jin T et
al.2002). Both glomerular and tubular damage was detected in the first group. Tubular damage has been debated as to
whether or not it is reversible (Hotz P et al 1999). However, the widespread consensus today is that this is an irreversible

process.
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Figure .3. Cadmium effects on several human organs

6.3.2. Bone

Bone injury has been linked to Cd intoxication in workers due to cadmium exposure and dust in the 20th century
(Kazantzis G 1979). Lower bone mass, decreased bone compactness, bone loss, an increase in bone fractures, and skeletal
diseases are all effects of chronic exposure to Cd. Cd prevents the normal activation of vitamin D, inhibits the metabolism
of magnesium, zinc, calcium, iron, and copper, and decreases the uptake of phosphate in bones (Unsal et al., 2020).
Calcium absorption (from the stomach) and bone calcification are both significantly influenced by vitamin D. This results
in severe bone pain, osteoporosis, osteomalacia, phosphaturia, bone demineralization, and other bone conditions (Ma et
al., 2021).

When it comes to osteoporosis and other bone-related conditions, Cd causes to increased risk for fractures, osteoporosis
itself, and excruciating pain in the bones itself. Patients who ate rice cultivated on fields irrigated with heavily cadmium-
contaminated water were found to exhibit the classic symptoms in this investigation. Osteomalacia-related pseudo
fractures and significant bone decalcification were also seen. This research was criticized since the bulk of the patients
were women in their post-menopausal years (Nogawa et al.2004). Osteoporosis, which may have been exacerbated by Cd
overdose, was considered the real cause of the symptoms seen. The year was (Kazantzis. 2004). Honda et al. 2003
uncovered more evidence that Cd overdose causes bone diseases. The STIFF index (an ultrasound measurement of bone
density) and urine Cd content might be described as being inversely correlated (Frery N et al.1993). The OSCAR-Study,
which included 1021 participants from southern Sweden, reached similar conclusions. In adults over the age of 60, Cd
levels in the urine seem to have a strong negative connection with bone mineral density. Cd exposure has also been linked
to an increased incidence of forearm fractures (Jarup L et al.1998). Participants in this research were either employed at
the battery facility or lived in a nearby town. People who hadn't been exposed to the outside world were used as reference
groups (Fatima et al., 2024).

5.4. Cd effect on brassica plants

One of the famous hazardous metals for plants is cadmium (Shahid et al., 2017; Sharmila et al., 2017). Brassica plants
exhibit hazardous effects from excess Cd (Table 3). The length of time that a Cd stress is administered determines how it
affects the development and biomass of Brassica species (Seth et al., 2008). In B. juncea leaves, Cd stress also decreased
PSII efficiency and chlorophyll levels when compared to the control (Taamalli et al., 2014). B. oleracea's dry weight and
leaf area were both reduced by cadmium toxicity (Jinadasa et al., 2016). Furthermore, genotoxicity was also generated by
excess Cd in Brassica species. In the root tips of B. juncea, exposure to varying doses of Cd over 24 hours resulted in a
considerable inhibition of the mitotic index, an increase in mitotic and chromosomal abnormalities, and the development
of micronuclei (Seth et al., 2012).

Table 3. Cd effects in brassica plants Sp.
Experiment Brassica Sp.  Cadium effects Reference

As the amount of Cd in the soil grew, plant growth and
biomass decreased and Cd concentrations in roots and

Soil or pot B. juncea shoots increased. Bauddh and Singh, 2012a
- There was a decrease in plant biomass, photosynthesis,

Hydroponic and mineral absorption, and an increase in Cd uptake. = Mohamed et al., 2012
- In a dose-additive manner, the amount of chlorophyll

Hydroponic was decreased and the absorption of Cd was enhanced. Verma et al., 2013

- There was a reduction in leaf area, dry weights, and
root and shoot lengths. The concentrations of Cd in

Soil or pot shoots and roots rose. Irfan et al., 2014
-—-- Concentrations of Cd rose whereas gas exchange
Field parameters and chlorophyll dropped. ---- Kapoor et al., 2014
- When exposed to lead, concentrations of lead rose, and
Soil or pot the development of shoots, leaves, and roots reduced. =~ Goswami and Das, 2015

- The amount of fine roots, root surface area, root
volume, and root length all affected how much CD a
Sand or pot cultivar could absorb. Xiaetal., 2016
-—-- Reduced plant dry weight and elevated plant Cd
concentrations based on the kinds of soil and cultivars

Soil or pot examined. Khan et al., 2017
Reduction in plant N absorption and dry weight of the
Hydroponic B. chinensis  shoots and roots Ma et al., 2017

6. Strategy to eliminate the soil Cd
Eliminate cadmium metals in soil by different methods like bioremediation, phytoremediation, etc. are given.
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6.1. By physical methods

There is a broad spectrum of physical approaches for heavy metal cleanup in polluted soils for various waste products.
Nearly all impurities can be removed using physical removal procedures. However, there are drawbacks as well. The
pollutants removed by physical procedures typically need to be processed further and have a somewhat high application
cost in comparison to other approaches. The majority of physical separation techniques are based on the pollution's particle
size distribution. Below is a description of a few such physical treatments for soil polluted with heavy metals:

7.1.1 Replacement of contaminated soil

Contaminated soil can be removed and restored using the same techniques. The technique of incorporating or blending a
sizable amount of clean soil with unclean soil is known as soil replacement. Soil removal is the process of removing
contaminated soil and replacing it with fresh, uncontaminated soil. In a small region of heavily contaminated soil, this
strategy is necessary. Nevertheless, soil isolation does not refer to the additional engineering procedures that must be
carried out to remedy a situation (Zheng et al., 2002). It can therefore only be applied to a small area of soil.

7.1.2 By thermal treatment method

Calcination, sometimes referred to as thermal desorption, is the process of removing a volatile substance from a medium
by heating it to a certain temperature. The main methods for soil heating include electrical resistive heating, radiofrequency
heating, steam-based heating, and conductive heating (Song et al., 2017). To lessen the versatility and mobility of both
Zn and Cu in polluted soils, Wang et al. (2018) examined thermal stabilization. The treated soil contains fixed metals.
They discovered that as the temperature rose to 700 °C, the residual amounts in the studied soils declined. Desorbed
volatile pollutants from the soil are collected using vacuum-negative pressure or carrier gas.

7.1.3 Utilizing vitrify method

The heating of soil to between 1400°C and 2000°C causes natural materials to dissolve or evaporate. The pyrolysis product
is made from a fume gas generated by the treatment framework. Using anodes and plasma, as well as microwaves, anodes,
and other direct heat transfer techniques, one may generate energy for ex-situ recovery. It is feasible to employ heat
directly during in-situ remediation by placing anodes in the contaminated soil. Not only does this new method eliminate
heavy metals, but it also works fairly well. As a result, only a small number of users can afford the high cost of combining
these two technologies (Yang et al., 2023). Through the thermal process of vitrification, which involves cementing heavy
metals and metalloids into vitreous material at temperatures above 1500 °C, the mobility of these compounds is decreased.
The contaminated soil is heated throughout the process using high-voltage electricity. Melting the soil turns it into molten
lava, which then cools to form a vitrified structure. The heavy metals and metalloids are contained inside this glassy
matrix, while the other contaminants have been removed (Ballesteros et al., 2017).

7.2 Remediation by Chemical Strategies
The quantity of heavy metal accessible to plants may be reduced thanks to compound approaches. The soil pH may be
altered to precipitate metals or generate insoluble metal structures as one method of achieving this aim.

7.2.1 Chemical leaching

Water, synthetic chemicals, or other liquids or gases may be used to remove the pollution from the soil (Shahi Khalaf
Ansar et al., 2023). To get from the soil to the fluid, heavy metals have to go through many processes, including
precipitation, particle exchange, chelation, and sorption. Surfactant, inorganic, and chelating specialists make up the bulk
of the invading force. Hydrofluoric, sulfuric, phosphoric, and hydrochloric corrosives were the most effective ways to
eliminate metals from soil polluted with erroneously positive findings, as proved by (Tokunaga and Hakuta 2002).

7.2.2 Through Chemical Fixation

To limit the spread of heavy metals into surrounding streams and other natural areas, soil remediation entails adding
chemicals or other materials (Priya et al., 2023; Singhal et al., 2024). Metal transfer into a latent structure is part of the
adjustment process, which is aided by a synthetic focus rather than a cleaning focus using bone meal (Cal0(PO4,6H20).
Research has shown that it is capable of immobilizing metals and reducing the bioavailability of contaminated soils.

7.2.3 By electrokinetic remediation

Electric field inclinations are created on either side by using high voltage in electrokinetic cleanup (Luo et al. 2004). An
electrophoresis, electro-osmotic stream, and electro-relocation cycle were employed to transport charged toxins from one
post to another (Swartzbaugh et al. 1990). With poor penetrability soils, this strategy is both cost-efficient and successful
in terms of establishment and activity, all while preserving the distinctive soil synthesis (Zhang and colleagues 2004) and
preserving the ecotype. (Luo et al. 2004). Since it couldn't control the pH of the soil, this innovation's effectiveness in
treating it was low (Fasani et al. 2017). Expanding the cushion response to manage soil pH or utilizing a particle layer that
modulates dirt pH are two recent ways to improve mobility. Yeung and Gu (2011), contaminants that sorb to soil particle
surfaces may reduce the efficiency of the EK. The use of electrokinetics in soil remediation is a novel and cost-effective
approach. Soil pollutants may be transported to processing chambers on either side of an electrolytic tank by
electromigration, electric seepage, or electrophoresis, minimizing contamination. Soils with low permeability are ideal for
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this technique (Hanson et al., 1992). For several experimental tests, the remediation efficiency varied from 14.7% to
95.1%, and the changes were primarily brought on by variations in the pH value (Sikka et al., 2024; Haidri et al., 2023).

7.3 Remediation through biological methods

7.3.1 Bioremediation

In the bioremediation process, poisonous wastes are converted by living organisms into harmless chemicals (Asha and
Sandeep. 2013). The goal of bioremediation is to restore polluted places to their pre-polluted state with no additional
adverse environmental effects (Adhikari et al., 2004). Actinomycetes, fungi, bacteria, and plants are examples of living
organisms that have demonstrated the capacity to remediate soil that has been co-contaminated with heavy metals and
pesticides.

7.3.2 Phytoremediation

Using plants to clean the damaged region and remove pollutants is known as phytoremediation. The fundamental idea
behind phytoremediation is that pollutants are broken down by plant roots into less harmful components or they are
accumulated in the parts of plants (Kaur et al. 2018). It could be possible to grow some plants in contaminated soil,
depending on the kind. A tiny portion of these plants have the potential to hyper-accumulate contaminants from the soil,
primarily in or around the roots. Due to heavy metal enrichment in contaminated soil, plants must be harvested, burned,
and cured. An inventive new method for removing metals from the environment is to use plants and the microbes that
coexist with them. To finish the process, we need facilities that can handle and store heavy metals. The majority of these
plants belong to the Brassica family, which also contains Thlaspis and Alyssum. Recent research examined the capacity
of the plant species Brassica rapa to thrive in mixed soil polluted with PAH and other metals, such as Cd, Cr, and Pb,
under the effect of electric fields (Cameselle and Gouveia 2019). A greater ability to withstand cadmium ions has been
determined by the effective absorption and assimilation of sulfate. Worldwide, there are more than 400 species of Brassica
(Xing et al., 2003). Using a variety of plants, phytoremediation is an additional and alternative method to traditional
physicochemical techniques for the in situ removal of metals like Cd from polluted soils. By using certain plants and the
microorganism ecology they support in the rhizosphere, metals may be used to phytoremediation polluted soils by
extracting, transferring, assimilating, transforming, and/or stabilizing pollutants. This process lowers the toxicity of the
metals involved. Keller et al. (2005) showed that the Cd-contaminated plants treated with heat may make it possible to
extract Cd evaporatively from plant leftovers. Thlaspi caerulescens, a Cd hyperaccumulator, and willow (S. viminalis)
volatilized 90% to 100% of the Cd. Additionally, the effectiveness of phytoremediation on soil photoavailable Cd fraction
stability was assessed (Wan et al., 2016).

7.3.3 Microbial remediation

"Microbial remediation" refers to the process of removing heavy metals from the soil by the use of microorganisms.
According to Siegel et al (1986), fungi release organic acids, amino acids, and other metabolites that help dissolve heavy
metals and the minerals that hold them. According to Fred et al. (2001), a fungus called Gomus intraradical has been
shown to enhance the sunflower's ability to withstand and absorb Cr. In this field of research, biotechnology is being used
to create microbes that can break down heavy metals (genetics, genetic engineering, and so on). Metals may be easily and
successfully extracted from low-grade materials by microbial leaching (Galal et al. 2017). Bosecker (2001) Research has
shown that microorganisms may also be used to remediate heavy metal-contaminated sediments and soils, detoxify sewage
sludge, and treat industrial waste

7.3.4 Animal remediation

Heavy metals may be consumed by soil-dwelling creatures like maggots and earthworms. When soil copper concentrations
are low, found that ryegrass may benefit from earthworm activity and secretion (Wang et al., 2007). According to the
description, animal remediation involves some lesser animals adsorbing, decomposing, and migrating the heavy metals to
remove and inhibit their toxicity. The investigations demonstrated that the treatment of earthworm-straw mulching
combinations raised plant Cu concentration, and the quantity increased by it was less than the treatment with earthworms
but more than the treatment with straw mulching (Wang et al., 2007). the measurement of soil Pb concentrations to
determine the earthworm's Pb accumulation. The outcomes demonstrated that the earthworm was capable of efficiently
accumulating Pd. The amount of buildup increased as the Pb concentrations rose (Kou et al., 2008).

7. Phytoremediation of soils utilizing plant species

Phytoremediation is a collection of techniques that uses various plant species to clean up polluted areas and immobilize,
corrupt, and lessen anthropogenic ecological toxins (Mukhopadhyay and Maiti 2010). Metal removal from contaminated
areas may be accomplished by a variety of phytoremediation procedures that use plants that are normally found in nature.
There are many ways to improve chelating specialists, manure, natural revision, and pH to improve metal bioavailability
and plant uptake. When it comes to cleaning up polluted soil, phytoremediation has recently received a lot of attention
(Huang et al. 2016). Using plants to remove toxins from a polluted area is part of the phytoremediation process.
Phytoremediation is based on the principle that plants may break down foreign substances into less dangerous components
or assimilate impurities, and then store those impurities in the plant's stems and leaves (Kaur et al. 2018). As a result,
removing or definitively reducing the number of harmful pollutants in the atmosphere should be made a voluntary process
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(Yadav and Srivastava 2014). They are named hyper-gatherers because a few plant and animal species have shown the
ability to accumulate enormous amounts of heavy metals and have been dubbed thus. When it came to ingesting metal
essential for Phyto-extraction, these plants displayed a remarkable capability.

Tolerance to
heavy metals/metalloids

Susceptible to
genetic manipulation

High biomass production Well developed root system

Figure .4. In phytoremediation, heavy metals from contaminated soil are removed using plants.

Even the susceptibility of plants to different amounts of heavy metal exposure varies. Plants may be susceptible to heavy
metals, while others can withstand them fairly well. Even though many metals are needed for biological structures and
should be easily accessible, there is evidence that they demonstrate damaging behavior by blocking or uprooting the
necessary utilitarian groupings and atoms (Garbisu and Alkorta, 2003). Stotzky and Collins (1989) Brassicaceae species,
such as Brassica napus, have a broad variety of typical breaking points for heavy metal poisoning and collection sizes.
The phytotherapeutic innovation used in this study was effective in removing heavy metals from degraded soils.

8.1 Phyto-remediation through Brassica

Brassica rapa plants were recently tested to see whether they could grow and fill up deteriorating soil contaminated with
PAH and other metals such as cadmium, chromium, and lead (Pb) (Cameselle and Gouveia 2019). Exchanging current
was shown to be the most effective approach for commercial applications. It was possible to dispose of phenanthrene and
anthracene mixtures using a 1 Volt/cm expected inclination around the B. rapa plant. Many types of terminals surrounding
the plants may be employed to concentrate or transport poisons to the root zone, according to experts. Using Phragmites
australis as a phytoremediator to remove nickel (Ni), lead (Pb), and cadmium (Cd) contamination from contaminated
water took Bello et al. (2018) around 30 days to complete. P. australis shed 93% of its Cd, 95% of its Pb, and 16% of its
Ni, according to the study's results (84 percent expulsion). Cd and Pb had 96 percent residuals (4 percent expulsion) in
the controlled test, whereas Ni had 89% expulsion in the experiment (11 percent evacuation). Other species are less prone
to producing aggregates of Fe, Zn, and Co than Lemna minor. It's (Amare et al., 2017). It has a high accumulation potential
for Fe, Mn, Zn, and Cu but a lower potential for Cd. Co, Cr, and Ni have moderate accumulation potential while Cd has
a significantly lower accumulation potential. Goswami and Das (2015), showed that Brassica juncea (Indian mustard)
may be employed as a phytoremediation agent after being exposed to CdCI2 for 21 days at a research facility. Tumor and
root/shoot length reduced despite strong Cd resistance (up to 400 mg/kg), whereas tissue carotenoid and chlorophyll
content increased. The improvement coefficient and bud root mobility factor of Indian mustard demonstrated its ability to
remove Cd from degraded soil. The unusually high concentration of Brassica spp. in the environment was explained by
(Yadav and Srivastava 2014). The retention and absorption of sulfate may be responsible for the increased resistance to
cadmium particles. This plant's ability to tolerate high levels of cadmium was revealed by Bhadkariya et al. (2014) in their
research on Brassica juncea.
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Figure .5. Cd removal via Brassica juncea (Navarro-Leon et al., 2020).

Cd was found in all parts of Brassica juncea, including the roots, stems, and leaves. The total Cd content in the plant was
89.90 mg kg1 during the 60-day improvement period. When Brassica juncea was studied further, it was discovered to be
an excellent means of removing cadmium from soil. Cauliflower (Brassica juncea). According to Priya et al (2014),
Brassica juncea (mustard) and Allium cepa (onion) have been used to cleanse wastewater. In this case, the onion plant.
Compared to control samples, Cadmium in Brassica juncea and Allium cepa was decreased by more than 90 percent, from
0.17 to 0.009 g L1. To get a better understanding of Jaipur's wastewater treatment process, researchers used two plants
from the phytoremediation system. Mustard should be grown in Sanganer and Jaipur's modern areas using wastewater
from these regions. Brassica juncea (glycophyte) vs Cakile sea (halophyte) for phytoextraction of Cd were studied by
(Taamalli and colleagues 2014). All Cd sections outside of the Cakile Sea showed a greater mobility factor for the Cakile
Sea than Brassica juncea. Roots of Ricinus communis accumulated twice as much Cd as shoots of Brassica juncea when
exposed to varying soil Cd levels. As a result of the increased ability of Ricinus communis to remove metal from soil, and
also the better ability of Ricinus communis to remove metal from polluted soil, this was the case. Safflower, Brassica
napus, and Wheat were all examined for their phytoremediation abilities. According to the findings, seed germination,
and root and shoot length were lowered by expanding the focal point of the arrangement. The reasonableness of Brassica
napus seed oil derived from diafiltrated regions. Almost half the heavy metal components were detected in the garbage
after oil testing of the seed. Soil remediation will benefit from the Phyto-fixing potential of salt-sensitive plants like
Atriplex halimus and Sesuvium portulacastrum (Moustakas et al. 2011; Hussain et al., 2024). Ishikawa et al., (2006)
researched to investigate whether there were any limitations to the expansion of plant and animal species. According to
the results, aquaculture-grown rice and sugar beet sprouts acquired more Cd than Brassica juncea, but this was also true
of the plant's viability in soil growth. With Cd-depleted soils for rice and beet, Brassica juncea buds exhibited higher
accumulations of heavy metals such as Cu, Fe, and Mn. Rice is more effective in the phytoextraction of Cd than Brassica
juncea. Low metal grouping in deteriorated soil makes Brassica juncea phytoextraction more difficult. Cultivars of five
different Brassica juncea L. species were also inhibited by Cadmium treatment (Bauddh and Singh 2009).

Table 5. Removal of cadmium through Brassica Sp

Experiment type Brassica species (Cd) Exposure mg kg!  Reference

Soil/pot Brassica juncea 1.445 (Kathal et al., 2016)
Sand/pot B. rapa 2.5,5. Khan et al., 2017
Soil/pot B. chinensis 0-7.0 Shentu et al., 2008
Soil/pot B. juncea 0-190 Jiang et al., 2004
Soil/pot B. juncea 250, 300 John et al., 2009
Soil/pot B. juncea 150 Bauddh and Singh, 2012a
Soil/pot B. juncea 100 Irfan et al., 2014
Soil/pot B. juncea 400 Goswami and Das, 2015
Soil/pot B. juncea 100 mg kg*! Wong et al., 2004
Soil/pot B. juncea 0.23 Bloem et al., 2017
Soil/pot B. juncea 4 Lee and Sung, 2014
Soil/pot B. juncea 186 Van Engelen et al., 2007
Soil B. campestris 100 Anjum et al., 2014

The effects of lead and cadmium stress on plant growth, shade, biochemicals, and heavy metal intake. Cd and Pb lowered
plant growth and chlorophyll content as well as carotenoids, although Cd was more detrimental than Pb. During the
blooming stage, protein levels were reduced by 95% and 44% with the Cd and Pb treatments. At low Cd and Pb
concentrations, proline content grows, but at higher concentrations, it decreases. Even when Cd concentrations were higher
than Pb concentrations, the Cd absorption was hampered by the higher Pb concentrations. Cadmium was used to treat
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three species of Caryophyllales studied by (Watanabe et al. 2009). Brassica juncea was shown to have lower Cd
accumulating limits in both water and soil than Amaranthus tricolor. Research shows that the rhizosphere Cd-gathering
capacity of A. tricolor is superior to other species, despite its large growth and biomass. The Phyto-extraction of cadmium-
contaminated fields could benefit from A. tricolor, therefore. Nickel and cadmium accumulation in Indian mustard was
studied by (Tickoo et al. 2007), under controlled conditions. Dirt was broken down using a combination of a cadmium-
acetic acid extraction and nickel sulfate under close observation. In Brassica juncea, the findings showed that nickel
accumulated more efficiently than cadmium, which also showed that shoots gathered a greater number of heavy metals
than roots. When Brassica napus was tested, it was shown to be ineffective in extracting metal from deteriorated soils.
Radish has a limited potential for phytomedicine in soils with a high concentration of heavy metals. Low levels of zinc
and cadmium have been found in certain Brassica animal species.

8. Conclusion

A plant's growth, decay, and recycling of dead biomass all depend on the quality of the soil in which it grows.
Environmentalists are concerned about the deterioration of soil owing to resource evaporation. The recovery of regions
affected by heavy metals has been recognized as one of the finest advances in soil remediation to date. Soil remediation
operations are aimed at protecting humans and other living things from harmful synthetic substances by reducing soil
pollution around hazardous waste sites. If the soil in a given area includes a wide range of synthetics or pollutants, several
remediation methods may be necessary. Short and long-term sustainable treatments are necessary to achieve our goals.
We also need to reduce impurity volume, decrease the amount of poisonousness in the product we produce, and increase
its production capacity. Phytoremediation is the most cost-effective way of eradicating soil contamination. Depending on
the scenario, there is a range of strategies for eliminating heavy metals from the soil. phytoremediation is the most cost-
and cost-effective way to remove heavy metals from soil.
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