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Abstract 

Heavy metals with stress causes declination into molecular oxygen’s and releases very reactive transitional 

compound product such as hydrogen per-oxide (H2O2), super-oxide radical and also hydroxyl radicals referred 

as reactive oxygen class. Heavy metals contamination is a severe worldwide environmental issue as it 

undesirably disturbs plants development and genomic dissimilarity. Essential and nonessential heavy metals 

normally harvest common lethal effects on plants, like low biomass accretion, chlorosis, inhibition in growth, 

photosynthesis, transformed water equilibrium and nutrient integration, and senescence, which eventually leads 

plant decease. The study aimed to review side-effects of heavy metals on plants and living systems and their 

methods for remediation. Effective methods are available to overcome this problem including precipitation, 

Biosorption, ion exchange, filtration but they are not cost-effective. In this regard phytoremediation the most 

efficient and cost-effective process found. Although the bioremediation method seems to be the best alternative, 

having some limitations. Elongate study essential to be accompanied to lessen the restraint in order to apply this 

method efficiently. 
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Introduction 

The growth, survival, deterioration, and rebirth of anthropoid developments by agriculture support have been 

influenced by human use and management of water and soil resources. For the domesticated food production 

system based on plants and animals, soil and water are important natural resources. Though soil is sometimes 

denoted as the "productive substrate, "but all soils are not appropriate for crop growth. Mineral inputs, organic 

matter of soil, air, and water all are composed in ideal agricultural soils. Water holding and draining, root zone 

oxygen, nutrient to aid yield development, and bodily care for plants are all made possible by the balanced 

contributions of these components. The five factors of soil formation affect the circulation of soil component in 

a specific soil: parental material, period, weather, species, and landscape.  

Each of the factor has an effect on the appropriateness of a soil for agricultural soil in a direct plus overlapping 

way. The normal cycling of nutrients in soil is disrupted by agriculture. Plant nutrients can be effectively mined 

from the soil by rigorous agronomy and reaping of yields for consumption of anthropoid and animal. Soil 

amendments are usually needed to uphold soil richness for adequate yield harvests. To increase loam fertility, 

first hominids cultured to alter their arenas with animal’s manure, charcoals, ashes, and lime (CaCO3). Farmers 

today use a variety of soil additives to improve soil’s richness, comprising inorganic compound manures and 

carbon-based sources of nutrients including manure/compost, which also resulted into excess primary 

macronutrients. Excess nutrients, particularly nitrogen and phosphorus, can be transported from agricultural 

fields through surface runoff or leaching, polluting the soil and groundwater.  [1].  

Soil, an essential section which obtains a large quantity of contaminants per year through numerous bases. Soil, 

in general, besides functions as a sink for substance contaminants, but also as a natural barrier by regulating the 

transport of chemical elements and substances into the atmosphere[2]. It is generally that heavy metals are a 

naturally occurring compounds, but they are presented in massive quantities in several ecological sections due to 

human activities. As a result, the environment capacity to substituted lifecycle is harmed, putting human, 

animal, and plant health at risk. This arises as a result of heavy metals' non-degradable state, which causes 

bioaccumulation in food chains [3]. Heavy metals can be present in both degraded and uncontaminated soil 

covers across a wide variety of biological arrangements. Heavy metals cannot be tarnished or detached, so they 
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simply build up in topsoil, water, and residues. Heavy metals in soils can also be establish naturally from the 

activities of human being (Figure 1). Natural bases comprise atmospheric releases through volcanoes, 

transportation of mainland soils, and weathering of metal supplemented rocks[2].  

 

Figure 1: Heavy Metal Pollution Sources And The Approved Approaches For Metal Refinement[3]. 

Adulteration of farming and forestry soils with hint metals and metalloids found to be a chief concern from 

many eras. Metals present in polluted agriculture soils can reach the food chains, raising human exposure and 

risk (both cancer-causing and noncarcinogenic threats), but metals in woodlands are primarily a hazard to 

porewater supplies, environmental risk, and woodland healthiness. For decades, trace metal and metalloid 

contamination in crop and forest soils has been a major concern[4]. Because of speedy automation in developing 

countries, extreme use of metals and manmade compounds in the global world, combined with poor ecological 

management, resulted in widespread pollution. Heavy metal pollution in agricultural soils has posed thoughtful 

fears in current times about the possible danger to human well-being from straight ingestion, bioaccumulation 

by the food chain, and ecological system impacts. Vital heavy metal like copper , zinc, and manganese as well 

as unnecessary heavy metals like cadmium, chromium, manganese, and lead are considered as highest in 

toxicity for humanoid and marine lifecycle[2]. 

Existence of metallic elements  in soils are a foremost problematic since they gather in food chains, harming the 

entire atmosphere. Organic contaminants are biodegradable, but the biodegradable frequency is hindered by the 

occurrence of heavy metals in the atmosphere, which doubles the emissions, i.e. organic pollutants and heavy 

metals. Heavy metals pose a threat to humans, livestock, plants, and habitats in general in a variety of ways. 

Uninterrupted ingestion, plants adsorption, food-cycle, drinking polluted marine, and changes in soil pH, 

penetrability, pigment, and usual interaction, all of which have an effect on soil value[5].  

Heavy Metal Bases  

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

environmental sections shown in Figure 2.  
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Figure 2: Metallic Element And Their Cycling In The Soil-Water-Air Organism Ecosystem[5]. 

1. Natural Processes: 

Natural heavy metal emissions arise under numerous and precise environmental conditions. Volcanic outbreaks, 

sea-salt sprigs, jungle fires, rock enduring, biogenic source, and wind-borne soil particles are examples of such 

pollutants. Natural weathering processes may cause metals to be release from their prevalent spheres and into 

several environmental sections. Hydro-oxides, oxides, sulphides, sulphates, phosphates, and carbon-based 

compounds are all examples of heavy metals. Despite the fact that traces of the above-mentioned heavy metals 

possibly found in humans and other animals, they still cause severe health problems. 

2. Anthropogenic Processes: 

Heavy metal anthropogenic processes been detected to go outside normal fluctuations for definite metals. The 

popular of metals found in wind blown dusts originates from industrial areas. Automobile drain, which release 

lead; smelting, which release 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 selenium and tin. 

Anthropological activities were found to pay more to environment contamination because of daily 

manufacturing of goods to attain the demands of the great populace.  

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. 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). 
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Figure 3:various methods to remove heavy metals from agricultural soil[5]. 

1. Precipitation: 

Over the years, a variety of alkalescent chemical reactants have been used to Neutralise AMD (Acid-Mine-

Drainage) so as to raise the pH and, as a result, subsequently to precipitous and recuperate the metals. Caustic 

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

(Ca(OH)2) are the supreme popular alkalescent reactants used for consecutive retrieval of reserves resources 

coming from AMD and magnesium hydroxide (Mg(OH)2).  

2. Adsorption: 

Also called suraface assimilation is considered as the utmost efficient and commercially feasible alternative for 

removing metals from liquid blend by virtue of its unstable and elution competences. Surface assimilation is 

ineffective with highly concentrated solutions because the adsorptive quickly gets saturated with the adsorbate. 

It's only practical for extremely dilute blends, it's time-consuming to regenerate, and it's not selective when it 

comes to metal attenuation. 

3. Ion Exchange: 

Often known as ion exchange between a solid substrate and a soil solution. For the approval of alloy from liquid 

blend, inflated atomic interchange potential clay and mastics are widely preowned. However, this process is 

time consuming and only works for some metal concentrations in the mixture. This arrangement is also sensitive 

to heat and alkalinity. 

4. Biosorption: 

Accessibility, performance, and capacity are all advantages of biosorbents. This procedure is simple and 

straightforward. Regeneration is easy, which makes it very appealing. When the feedstuff blend concentration is 

excessive, however, the progression quickly outstretch a development, restraining advance impurity elimination. 

5. Membrane Technologies: 

Sheath equipment for acid mine drainage retrieval are particularly successful when the water contains a high 

consolidation of contaminants. These utilises either the facilitated diffusion occurrence or reverse osmosis. 

Ultrafiltration, nanofiltration, diffusion, microfiltration, and element percolation are some of the membranes 

used in mine water treatment filtration[5].   

Challenegs In The Phytomining Of Metallic Elements Polluted Soil 
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In the past 20 centuries several organic, physical and biochemical methods turned out to be used to attain to 

eliminate the heavy metals from the soil. But these approches have some limitations. They are labour intensive, 

extravagant, commotion in native soil microbiota and permanent variations in soils physio-chemical properties. 

Between dissimilar perspective to restore the heavy metal polluted soil undisturbed, unusual consideration is 

given to the phytoremediation technology. Phytomining is a technique where the natural or genetically modified 

plants are employed to extract hazardous substances like metallic elements including radioactive, fungicides, 

polychloroterphenyl and polynuclear pungent natural gas from the atmosphere and converting into harmless 

mixtures substance. The focus of the phytomining are of three layers: (i) plants centered removal of elements 

with monetary benefits, (ii) threat decrease, and maintainable soil supervision in which phytoremediation 

progressively rises soil richness permitting follow up crop progress. In accumulation, high biomass fabrication 

and speedy budding plants such as bush classes i.e. poplar, jatropha and willow are being exploited for the dual 

purpose of energy production and phytomining. Phytomining is recyclable and solar-driven machinery with 

decent communal recognition. Phytoextraction of metallic is predictable to be a economically achievable 

equipment for agromining of metallic element in the upcoming time. Recent phytomining practice is founded on 

diverse acceptancted machinery which comprises phytostabilization, phytoextraction,  , rhizofiltration, 

phytoevaporation and rhizodegradation can be seen in Figure 4[6].  

 
Figure 4: Uptake Mechanisms of Phytoremediation Technology To Extract The Heavy Metals From 

Contaminated Soil[6]. 

Literature Review 

Sanjay kumar gupta et al. explained about the gain and losses of reusing the waste water in agriculture with 

emphasis on heavy metals impurity and the risk associated with human wellbeing. One of the main consumers 

of water supplies is agriculture. Local and industries polluted water are utilized in agriculture due to scarcity of 

freshwater resources. Microelements like carbon and nitrogen, along with poisonous substances, can be found in 

such water and wastewater. Regular soaking with these water out-turn into overburden of such nutrients and 

sometimes microorganism, if isn’t managed in top soil of agriculture. Metallic elements are non-biodegradable 

growing class. The gathering and bio-availability of the alloys is based on different ecological factors like 

environmental conditions, heat, raining pattern, physio-chemical characteristics of soil, organic matter, pH, 
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cation interchange capability, which controls accretion of elements in soil and its bio-availability. Thus, these 

toxic substances when enter in the food cycle, get accumulates in different tropical level, and put forth unwanted 

effects to the plants and animals. The main fear is its accretion of poisonous elements in crops arising out of 

discarded water soaked top soil and allied health threat to the end user. Besides ingestion, there are different 

ways of metallic elements disclosure to humans. Hence, for efficient utilization and management of discarded 

water in agriculture, periodical checking and threat assessment of metallic elements contamination are very 

essential[7].  

Saahil Hembrom et al. explained about the global perspective on metallic elements contamination into 

sustenance and associated threat to health of humans. Metallic element contamination had a contrary result on 

the marine, terrestrial, and ecological atmosphere. They might be anthropogenic in terms of source and cannot 

decay easily. Due to human activities these heavy metals are transmitted in food cycle. This results in the acute 

and the chronic diseases. The dose response relation states that metallic elements have a narrowed level of 

deadly concentration which pose a risk to the targeted people. When the metallic poisonous elements get 

accumulated in the human nutrition by any chance, it results in anomalies that will have a serious impact on 

human existence and mortality. Current data suggested that metallic elements contamination affects human 

system at minute level. Agrochemicals are resistive and adapting in nature and increment in dose and the 

compounds synthesized to guard crops, unwanted side effects and food production capital is on hike. Exercises 

such as fast food vending and introduction of preservatives in packaged food increases the probabilities of 

metallic elements contamination in foodstuff. A complete assessment of food stuffs right from prime producers 

to user level is essential to ensure quality of food[8]. 

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. Indian people living in towns and 

developed areas has creased to 27% from the time of invention. However, in many developed areas the world 

over under-developed agribusinesses is polished on generous scale in spite of restrictive laws and guidelines. 

Non degrading pollutants adding to the system through human activities like metallic elements in soil, water, air 

and crops troubles more because they tend to bio-accumulate. During old times, metallic elements 

contamination has extended overwhelmed mankind – destabilization intelligence and affecting humiliating 

behavior. Due to these pathogenic elements the body suffers with the deficiency of essential elements such as 

Cu, Zn etc. with existing level understanding, enduring and guaranteed method to break the access of metallic 

elements into the food cycle is difficult. There are various existing ways to reduce concentration of the outcome. 

Use of crop lands in an alternative pattern which is indirectly consumed by humans and animals gives a better 

tonic to retain the entry of elements into food web. In India there is a wide range of ecological laws that recline 

rules for water, air, soil and waste. Governmental basis is developed in the acceptance that regulating model is 

enough. Regulatory mechanism may not be in effect in insulated cases but are important derivers to supplement 

other methodologies, by placing a “cap” on the level of deprivation that is informally okay, along with 

generating space for other, cleaner and suitable substitutions to be “feasible”[9]. 

Shalini Arora et al. explained about the soil examination and dangerous effects on health of human being. The 

research on environment is performed from periods and molecular conformation of naturally arising topsoil is 

keep on varying according to the ecological circumstances of environment. This proportion is the determining 

factor of richness of soil as the arrangement of the soil keeps on fluctuating the richness and quality of the soil 

debasing instantaneously. Metallic toxicity is the frequent result of long term, low level disclosure to basic 

pollutants in atmosphere. Disclosure to hazardous metallic elements is related with many long-lasting diseases 

and may cause large variety of health issues. Urban soil receives varied contributions of metallic elements from 

a range of moving and stationary origins like vehicular traffic, power generation facilities, waste incineration, 

resuspension of surrounding polluted top soil and makes a noteworthy involvement to the contamination in 

developed surroundings. The proportion of the composition of the top soil is also different in diverse areas of the 

atmosphere because the road side topsoil is more contaminated than any other place like grounds or any farm 

house. These variations are notable in Indian metro cities due to massive development in automobile and 
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industries. Hence, the research of urbanized top soil is significant for defining the source, circulation, and 

metallic contamination in developed areas[10].  

Vinod Kumar et al. investigated about the features of metallic elements and probable environmental risks 

together with this, evaluation also inspects the part played by the macro-phytes in phyto-remediation studies in 

the past. Quick expansion of industries is liable for the generation of the metallic contamination. In marine 

system, metallic elements are one of the toxic pollutants that are founded. It might have both natural and man-

made origins. In marine cycle metallic pollution comprises severe hazards to biodiversity of marine life, and 

also drinking of polluted water with the metallic elements consists severe health risk to human along with all 

living being. The economic characteristics and side-effects of conventional treatment apparatus in marine 

environment highlight the way to sustainable technique like phyto-remediation. In this technique, plants are 

employed in cleaning the environment from various hazardous contaminants. Phyto-remediation is low cost and 

eco-friendly expertise for environment friendly cleaning. Aquatic macrophytes are the powerful tools to treat the 

issue of metallic contamination in the marine life which receives waste water discharge from industries, 

municipal waste-water[11].  

Discussion 

In their separate research, there is a complex relationship between environmental chemical composition of 

natural resources and emissions. Heavy metal's environmental effect is caused by ferrosol sewage sludge. The 

effects of heavy metal emissions from various sources, as well as their supremacy of contamination or metallic 

residues on topsoil and running water in various parts of the world. Heavy metals such as Chromium, 

Manganese, Copper, Mercury and Zinc contaminate soil, causing major environmental issues because these 

metallic elements are nonessential and harmful to floras and faunas, as well as having a direct toxic impact on 

human health. Heavy metals have recently been released within the topsoil, water, and atmosphere as a result of 

anthropogenic practices like mining, industrial development, and agronomic practices such as the 

implementation of insecticides, fungicides, and composts. These metallic elements are released into the plant 

system through a variety of physiological processes, influencing plant development. The absorption of metallic 

elements into the environment differs due to numerous deeds and it gets toxic when it reaches beyond the 

allowable parameters. Via straight absorption from polluted soil, depletion of fully-fledged vegetables on 

polluted soils, or drinking waste-water that has infiltrated through these soils, the potential inception of these 

components has led to the increased existence of metallic elements in the environment. The current research 

aimed to review the effect of heavy metals on agriculture also impacts on human health and suggested some 

methods to remediate the heavy metal presence in various crops and soil. Heavy metal accumulation happens 

exclusively when vegetal crops are grown in a metallic element polluted area, and these metallic elements then 

enter the food-web. When metallic element contaminated root vegetable is eaten by humans, it results in a 

variety of serious health problems. These heavy metals have an effect on not only plants and humans, but also 

soil nutrimental status, soil strength, water sources, and extra marine living species. 

Conclusion 

Modern lifestyles and industrialization have caused numerous environmental issues by generating various kinds 

of waste and discarding them without appropriate management. These trashes pollute the surroundings, having 

the greatest critical and lethal effects on bodily things, putting their existence in jeopardy. The release and 

accumulation of metals, especially heavy metals, is the most dangerous aspect of industrial wastes and other 

trashes. Because of the possible health threat posed by eating polluted vegetables, metallic element pollution of 

agricultural soils as a consequence of expansion and industrial development is of abundant concern. Vegetables 

are an essential part of the human diet because they provide nutrients that are necessary for good health. Heavy 

metals have accumulated in vegetables as a result of repeated applications of fertilizers and pesticides. The 

toxicity of heavy metals consumed by contaminated vegetables is a significant concern.  

However, there are only a few studies that determine the acceptable limits of heavy metals. Therefore, it is 

suggested that the waste must be treated earlier they are discarded in the atmosphere to lessen their sound effects 
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on the atmosphere by transforming them into less dangerous forms. Treatments that are effective are very 

expensive. Bioremediation, which includes the application of life forms to treat definite pollution triggering 

situations through effective absorption of contaminants from the preferred surroundings, has found to be the 

most effective and cost-effective method in this regard. Phyto-remediation, or the use of plants to clean up 

waste, has been found to be very effective. In addition, a new study is needed to determine heavy metal 

exposure in infants, the elderly, and women, including pregnant women. In addition, to monitor the limitations 

of accretion in vegetables and overactive accumulators defined for particular vegetables, strategy and policy are 

required. 

References  

1. S. J. Bruce R. JamesParikh, “Soil: The Foundation of Agriculture,” Found. Agric. Nat. Educ., 2012, 

[Online]. Available: https://www.nature.com/scitable/knowledge/library/soil-the-foundation-of-agriculture-

84224268/. 

2. Naveedullah et al., “Risk assessment of heavy metals pollution in agricultural soils of siling reservoir 

watershed in Zhejiang province, China,” Biomed Res. Int., 2013, doi: 10.1155/2013/590306. 

3. A. Zaidi, M. Oves, E. Ahmad, and M. S. Khan, “Importance of Free-Living Fungi in Heavy Metal 

Remediation,” 2011. 

4. H. Goldemund, “SOIL DEVELOPMENT AND PROPERTIES | Soil Contamination and 

Amelioration,” in Encyclopedia of Forest Sciences, 2004. 

5. V. Masindi and K. L. Muedi, “Environmental Contamination by Heavy Metals,” in Heavy Metals, 

2018. 

6. A. Mahar et al., “Challenges and opportunities in the phytoremediation of heavy metals contaminated 

soils: A review,” Ecotoxicology and Environmental Safety. 2016, doi: 10.1016/j.ecoenv.2015.12.023. 

7. S. K. Gupta, S. Roy, M. Chabukdhara, J. Hussain, and M. Kumar, “Risk of metal contamination in 

agriculture crops by reuse of wastewater: An ecological and human health risk perspective,” in Water 

Conservation, Recycling and Reuse: Issues and Challenges, 2019. 

8. S. Hembrom, B. Singh, S. K. Gupta, and A. K. Nema, “A comprehensive evaluation of heavy metal 

contamination in foodstuff and associated human health risk: A global perspective,” in Contemporary 

Environmental Issues and Challenges in Era of Climate Change, 2019. 

9. A. N. Ganeshamurthy, L. R. Varalakshmi, and H. P. Sumangala, “Environmental risks associated with 

heavy metal contamination in soil, water and plants in urban and periurban agriculture,” J. Hortic. Sci., 2008. 

10. S. Arora, “Review of Heavy Metal Contamination in Soil,” Int. J. Environ. Sci. Nat. Resour., 2017, doi: 

10.19080/ijesnr.2017.03.555625. 

11. V. Kumar and P. Kumar, “A review on feasibility of phytoremediation technology for heavy metals 

removal,” Arch. Agric. Environ. Sci., 2019, doi: 10.26832/24566632.2019.0403011. 


