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ABSTRACT 

When heavy metals are exposed to stress, they declinate into molecular oxygens, releasing highly 

reactive transitional chemical products such as hydrogen peroxide (H2O2), superoxide radicals, 

and hydroxyl radicals, all of which are classified as reactive oxygens. Heavy metal pollution is a 

serious global environmental problem because it disrupts plant growth and causes genetic 

dissimilarity. Heavy metals, both necessary and non-essential, have similar fatal effects on 

plants, such as poor biomass accretion, chlorosis, growth inhibition, photosynthetic inhibition, 

altered water balance and nutrient integration, and senescence, which ultimately leads to plant 

disease. The goal of the research was to look at the impacts of heavy metals on plants and 

biological systems, as well as remediation techniques. Precipitation, Biosorption, Ion Exchange, 

and Filtration are all efficient techniques for overcoming this issue, but they are not cost-

effective. Phytoremediation was shown to be the most efficient and cost-effective method in this 

respect. Although bioremediation seems to be the greatest option, it does have certain 

drawbacks. In order to use this technique effectively, a longer study must be accompanied in 

order to decrease the constraint. 
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1. INTRODUCTION 

Human usage and management of water and soil resources have impacted the growth, survival, 

degradation, and revival of anthropoid advancements supported by agriculture. Soil and water 

are essential natural resources for the domesticated food production system based on plants and 

animals. Despite the fact that soil is often referred to as the "productive substrate," not all soils 

are suitable for crop development. In ideal agricultural soils, mineral inputs, soil organic matter, 

air, and water are all present. The balanced contributions of these components enable water 

retention and drainage, root zone oxygen, nutrition to assist yield growth, and plant physiological 

care. The circulation of soil components in a particular soil is influenced by five factors: parental 

material, time, weather, species, and landscape. 

Each component has a direct and overlapping impact on the suitability of a soil for agricultural 

use. Agriculture disrupts the natural cycle of nutrients in soil. Plant nutrients may be extracted 

from the soil using precision agronomy and harvesting of crops for human and animal use. To 

maintain soil richness for sufficient yield harvests, soil amendments are generally required. To 

improve soil fertility, early hominids used animal dung, charcoals, ashes, and lime in their arenas 

(CaCO3). Farmers now employ a range of soil additives, including inorganic compound manures 

and carbon-based sources of nutrients, such as manure/compost, to enhance soil richness, which 

has resulted in an oversupply of primary macronutrients. Excess nutrients, especially nitrogen 

and phosphorus, may pollute the soil and groundwater when they are transferred from 

agricultural areas through surface runoff or leaching[1], [2]. 

Soil is an important component that receives a significant amount of pollutants each year from a 

variety of sources. Soil, in general, serves as a natural barrier by controlling the movement of 

chemical components and chemicals into the atmosphere, as well as a sink for substance 

pollutants. Heavy metals are usually thought to be naturally occurring substances, although they 

are found in large amounts in certain ecological areas as a result of human activity. As a 

consequence, the environment's ability to replace lifecycles is damaged, posing a threat to 

human, animal, and plant health. This is due to the non-degradability of heavy metals, which 

causes bioaccumulation in food chains. In a broad range of biological patterns, heavy metals may 

be found in both degraded and uncontaminated soil coverings. Because heavy metals cannot be 

tarnished or removed, they accumulate in soils, water, and residues[3], [4]. Heavy metals in soils 

may also form naturally as a result of human activity (Figure 1). Atmospheric emissions from 

volcanoes, movement of mainland soils, and weathering of metal-supplemented rocks are 

examples of natural bases. 
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Figure 1: Heavy Metal Pollution Sources And The Approved Approaches For Metal 

Refinement [5]. 

Adulteration of agricultural and forestry soils with trace metals and metalloids has been a major 

source of worry throughout history. Metals in agricultural soils may enter food chains, increasing 

human exposure and risk (both cancer-causing and no carcinogenic hazards), while metals in 

woods are mainly a danger to pore water supplies, environmental risk, and woodland health. 

Metalloid and trace metal pollution in agricultural and forest soils has been a significant issue for 

decades. Due to rapid automation in emerging nations, the global world's excessive use of metals 

and manufactured chemicals, coupled with inadequate environmental management, resulted in 

widespread contamination. Heavy metal contamination in agricultural soils has sparked concern 

in recent years about the risk of direct consumption, bioaccumulation via the food chain, and 

ecological system effects to human health. Heavy metals such as copper, zinc, and manganese, 

as well as unneeded heavy metals such as cadmium, chromium, manganese, and lead, are the 

most hazardous to humans and marine life. 

The presence of metallic elements in soils is a major issue since they accumulate in food chains, 

causing damage to the whole environment. Organic pollutants are biodegradable, but the 

presence of heavy metals in the atmosphere reduces the biodegradable frequency, thus doubling 

the emissions, i.e. organic pollutants and heavy metals. Heavy metals endanger people, animals, 

plants, and natural ecosystems in a number of ways. Variations in soil pH, penetrability, 

pigment, and usual interaction, as well as uninterrupted ingestion, plant adsorption, food-cycle, 

drinking contaminated marine, and changes in soil pH, penetrability, pigment, and usual 

interaction, all have an impact on soil value. 
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2. LITERATURE REVIEW 

A.Mahar et al discussed toxic metals have been released into the environment as a consequence 

of mining activities, industrial production, and household and agricultural usage of metal and 

metal-containing compounds. Metal contamination has grave consequences for human health 

and the environment. Few heavy metals are toxic and fatal in small amounts, and some are 

teratogenic, mutagenic, and endocrine disruptors, while others induce behavioral and 

neurological problems in babies and children. As a result, heavy metals polluted soil remediation 

may be the sole viable alternative for reducing the detrimental impacts on ecosystem health. In 

light of the above facts, this paper attempts to evaluate the present state, difficulties, and 

possibilities in phytoremediation for heavy metals removal from polluted soils. Phytoextraction 

and phytostabilization are highlighted as the most promising and alternative techniques for soil 

reclamation[6]. 

A. N.Ganeshamurthy et al. describes about the ecological risk related with metallic element 

contamination into water, plants and soil in developed and under-developed agriculture. Since 

the invention, the percentage of Indians living in towns and developed regions has increased to 

27%. Despite restricted regulations and restrictions, underdeveloped agribusinesses are operated 

on a large scale in many developed regions throughout the globe. Non-degradable pollutants 

introduced into the system by human activities, such as metallic elements in soil, water, air, and 

crops, cause more concern since they have a tendency to bio-accumulate. Metallic element 

poisoning has wreaked havoc on humanity in the past, destabilizing intellect and causing 

embarrassing conduct. The body suffers from a shortage of important elements such as Cu, Zn, 

and others as a result of these pathogenic elements. With current level knowledge, a long-term 

and assured technique to block the entry of metallic elements into the food cycle is challenging. 

There are a number of options for reducing the outcome's concentration. Crop lands used in a 

different manner, which is indirectly eaten by people and animals, is a superior tonic for 

retaining element entrance into the food chain. There are many ecological regulations in India 

that regulate water, air, soil, and trash. Governmental foundations are built on the belief that a 

regulatory paradigm is sufficient. Regulatory mechanisms may not be in place in all instances, 

but they are essential derivators to complement other methods by putting a "limit" on the degree 

of deprivation that is informally acceptable, as well as allowing for alternative, cleaner, and 

appropriate replacements to be "possible." [7]. 

ShaliniArora et al. discussed soil analysis and its potentially harmful impacts on human health. 

The study of the environment has been going on for a long time, and the molecular structure of 

naturally occurring topsoil has been changing through time in response to the ecological 

conditions of the environment. This percentage is the deciding element of soil richness because 

when the soil arrangement changes, the richness and quality of the soil degrades quickly. 

Metallic poisoning is a common side effect of long-term, low-level exposure to fundamental 

pollutants in the environment. Exposure to hazardous metallic elements has been linked to a 

number of long-term illnesses and may result in a wide range of health problems. Urban soil 

receives various contributions of metallic elements from a variety of moving and stationary 

sources, such as vehicular traffic, power generation facilities, waste incineration, and 

resuspension of surrounding polluted top soil, and contributes significantly to contamination in 

developed areas. Because roadside topsoil is more polluted than any other location, such as 
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grounds or a farm home, the percentage of the composition of the top soil varies in various 

regions of the atmosphere. Due to significant growth in automobiles and industry, these 

differences are particularly noticeable in Indian metro areas. As a result, studying urbanized top 

soil is crucial for determining the source, movement, and metallic pollution in developed 

regions[8]. 

3. HEAVY METAL BASES 

Heavy metals may originate mutually from regular and anthropogenic procedures and finish up 

in dissimilar environmental sections shown in Figure 2. 

Figure 2: Illustrates the metallic element and their cycling in the soil-water-air organism 

ecosystem. 

2.1. Natural Processes: 

Natural heavy metal emissions occur as a result of a variety of environmental factors. Such 

pollutants include volcanic eruptions, sea-salt sprigs, forest fires, rock cracking, biogenic source, 

and wind-borne soil particles. Metals may be released from their usual spheres and into various 

environmental sections as a result of natural weathering processes. Heavy metals include hydro-

oxides, oxides, sulphides, sulphates, phosphates, and carbon-based compounds. Even though 

residues of the above-mentioned heavy metals have been discovered in humans and other 

animals, they continue to cause serious health issues.  

2.2. Anthropogenic Processes: 

Heavy metal anthropogenic activities have been shown to go beyond natural metal variations. 

Metals often detected in wind-blown dusts come from industrial locations. Smelting, which 

releases arsenic, copper, and insecticides, which releases arsenic; and the flickering of fossil 

energies, which releases nickel, mercury, and extra heavy metallic elements, are all significant 

anthropogenic bases that knowingly contribute to heavy metal adulteration in the atmosphere. 

Because of everyday production of products to meet the needs of the large population, 

anthropological activities were discovered to pay greater attention to environmental pollution. 
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.4. MECHANISMS OF REMEDIATING HEAVY METALS 

Due to a range of metals, metalloids, and anionic elements, acid mine water treatment methods 

generally yield high density slush that is dissimilar, making disposal difficult. As a result, recent 

research has focused on chemical types recovered from Acid Mine Drainage (AMD) and 

subordinate slush. This helps to recover scarce resources while also making sludge treatment and 

disposal easier and safer, decreasing their ecological footprints. Metal laden leftover is disposed 

of in landfills and leftover retention tarns, causing subordinate contamination of exterior and 

sub-surface water sources. It can also clue to soil pollution, which reduces efficiency. So as to 

protect humanoid well-being, floras, faunas, soil, and including other habitat sections, heavy 

metal remediation technologies should be given appropriate and thorough consideration[9], [10]. 

The majority of physical and chemical metallic element remediation methods necessitate the 

processing of massive volumes of sludge, devastate habitats, and are extremely costly (Figure 3). 

 

 

 

 

 

 

 

 

Figure 3:Illustrates the various methods to remove heavy metals from agricultural soil. 

4.1. Precipitation:  

Various alkalescent chemical reactants have been employed to neutralize AMD (Acid-Mine-

Drainage) throughout the years in order to increase the pH and, as a consequence, precipitate and 

recover the metals. The most common alkalescent reactants utilized for successive recovery of 

reserves resources from AMD and magnesium hydroxide (Mg(OH)2) are caustic potash (NaOH), 

clastic rock (CaCO3), burntlime (CaO), sodium carbonate (Na2CO3), and calcium hydroxide 

(Ca(OH)2). 

4.2.   Adsorption: 

Because of its instability and elution capabilities, suraface assimilation is regarded the most 

efficient and economically viable option for eliminating metals from liquid blends. With highly 

concentrated solutions, surface assimilation is unsuccessful because the adsorptive rapidly 

becomes saturated with the adsorbate. It's only useful for very dilute mixes, it takes a long time 

to renew, and it doesn't discriminate between metals when it comes to attenuation.  

4.3. Ion Exchange: 

Between a solid substrate and a soil solution, this is often referred to as ion exchange. Clay and 

mastics with an increased atomic interchange potential are often used to approve alloys made 
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from liquid blends. This method, however, is time intensive and only works for a limited number 

of metal concentrations in the combination. Heat and alkalinity affect this arrangement as well. 

4.4. Biosorption: 

Biosorbents have many benefits, including accessibility, performance, and capacity. This is a 

basic and easy process. It's simple to regenerate, which makes it attractive. However, if the 

feedstuff blend concentration is too high, the progression will rapidly outstretch, preventing 

advance impurity removal. 

4.5. Membrane Technologies: 

When the water includes a significant concentration of pollutants, sheath equipment for acid 

mine drainage recovery is especially effective. Either assisted diffusion or reverse osmosis are 

used in this process. Some of the membranes used in mine water treatment filtration include 

ultrafiltration, Nano filtration, diffusion, microfiltration, and element percolation. 

5. CHALLENEGS IN THE PHYTOMINING OF METALLIC ELEMENTS POLLUTED 

SOIL 

Several biological, physical, and biochemical techniques have been employed to remove heavy 

metals from the soil during the last two centuries. These approaches, however, have significant 

drawbacks. They need a lot of time and effort, as well as a lot of disturbance in the native soil 

microbiota and constant changes in the physio-chemical characteristics of the soil. 

Phytoremediation technique is given unique attention amongst different perspectives to repair the 

heavy metal contaminated soil undisturbed. Phytomining is a method that uses natural or 

genetically engineered plants to remove dangerous chemicals from the environment, such as 

radioactive elements, fungicides, polychloroterphenyl and polynuclear pungent natural gas, and 

convert them to safe combinations. The emphasis of phytomining is divided into three layers: I 

plant-centered element removal with monetary advantages, (ii) threat reduction, and 

maintainable soil supervision, in which phytoremediation gradually increases soil richness, 

allowing crop development to be tracked. High biomass fabrication and fast-budding plants, such 

as poplar, jatropha, and willow, are being used for the twin aim of energy generation and 

phytomining in the accumulation. Phytomining is a solar-powered, recyclable machine that has a 

good reputation in the community. In the near future, phytoextraction of metallic elements is 

expected to be a cost-effective equipment for agromining of metallic elements. 

6. DISCUSSION 

There is a complicated connection between environmental chemical composition of natural 

resources and emissions, according to their independent study. Ferrosol sewage sludge is the 

source of heavy metal's environmental impact. The impacts of heavy metal emissions from 

different sources on topsoil and flowing water in various regions of the globe, as well as their 

dominance of pollution or metallic residues. Heavy metals such as chromium, manganese, 

copper, mercury, and zinc pollute soil, posing serious environmental problems since they are 

non-essential and detrimental to flora and wildlife, as well as having a direct hazardous effect on 

human health. Anthropogenic activities such as mining, industrial development, and agronomic 

practices such as the use of pesticides, fungicides, and composts have lately discharged heavy 

metals into the topsoil, water, and atmosphere. Through a number of physiological processes, 



ISSN: 2249-7137             Vol. 11, Issue 10, October 2021        Impact Factor: SJIF 2021 = 7.492 

ACADEMICIA: An International Multidisciplinary Research Journal 
https://saarj.com 

 655 

ACADEMICIA 

these metallic elements are released into the plant system, affecting plant growth. The absorption 

of metallic elements into the environment varies according to a variety of factors, and it becomes 

hazardous when it exceeds acceptable limits. The possible genesis of these components has led 

to an increasing presence of metallic elements in the environment, whether via direct absorption 

from contaminated soil, depletion of fully-fledged crops on polluted soils, or drinking waste-

water that has infiltrated through these soils. The goal of this study was to look at how heavy 

metals affect agriculture and how they affect human health, as well as to propose some ways for 

removing heavy metals from crops and soil. Heavy metal buildup occurs only when vegetal 

crops are cultivated in a contaminated region with metallic elements, and these metallic elements 

subsequently enter the food chain. When people consume a metallic element-contaminated root 

vegetable, they develop a range of severe health issues. These heavy metals have an impact on 

soil nutrient status, soil strength, water supplies, and extramarine living organisms, in addition to 

plants and people. 

7. CONCLUSION 

By producing different types of garbage and dumping them without proper management, modern 

lifestyles and industrialisation have created countless environmental problems. These trashes 

contaminate the environment, causing the most critical and fatal impacts on living creatures, 

jeopardizing their survival. The most hazardous feature of industrial wastes and other trashes is 

the discharge and buildup of metals, particularly heavy metals. Metallic element contamination 

of agricultural soils as a result of growth and industrial development is of great concern due to 

the potential health risk caused by consuming contaminated crops. Vegetables are an important 

component of the human diet because they provide vital nutrients for optimum health. As a 

consequence of frequent applications of fertilizers and pesticides, heavy metals have 

accumulated in plants. The toxicity of heavy metals ingested via contaminated vegetables is a 

major issue. 

However, just a few research have been conducted to establish the permissible limits of heavy 

metal music. As a result, it is recommended that trash be processed before being thrown in the 

environment in order to reduce the sound impacts on the atmosphere by converting them into 

less hazardous forms. Effective treatments are too costly. The most efficient and cost-effective 

approach in this respect has been determined to be bioremediation, which entails the use of living 

organisms to address certain pollution-causing circumstances via effective absorption of 

pollutants from the desired environment. It has been discovered that phyto-remediation, or the 

employment of plants to clean up trash, is extremely successful. In addition, a new research on 

heavy metal exposure in babies, the elderly, and women, especially pregnant women, is required. 

In addition, strategy and policy are needed to monitor the limits of accretion in vegetables and 

hyperactive accumulators specified for certain plants. 
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