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ABSTRACT 
Due to their melting and movement, heavy metals such as Ld., Ch, Zn, Cd, and Cu can be hazardous to anthropological 
health. Metal contamination has become a significant environmental concern on a global scale as heavy metal's 
foundations are both natural and natural systems. All kinds of debris, such as dirt, water, air, and soil liquid are found in 
iron ore. Deviant human activities are rapidly evolving soil preparation and consolidation also resulting in 
environmental pollution. Heavy metal nowadays has to be very air friendly. As soon as heavy metals are accumulated in 
many places in several parts of the troposphere, they try to get caught in the danger of humans, creatures and 
vegetation. Other metals such as Lead, Hg, Cu, Cd, As, Cr are highly toxic to the environment and affect the metabolism of 
the ecosystem. Metals are made up of soil, water and air are very stressful because they affect the food we eat, the water 
we drink and the air we breathe. The most appropriate types of soil preparation methods depend on the characteristics 
of the site, the concentration, the type of chemicals removed and the final use of contaminant methods. Systematic 
repairs to precious metals are usually based on physical, chemical, and biological methods; to achieve good results, 
individual methods of cleaning the atmosphere must be costly and inefficient. In this review, soil re-demonstrating 
abilities, for example, soil division and control, soil washing and data cleaning, electro energy planning, phyto-
volatilization, phyto-extraction, phyto-adjustment information 
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INTRODUCTION 
The state is made up of air, liquid, and earth as a composite component. The term "essential metals" 
refers to a group of toxic substances that are necessary for biological and industrial purposes [75]. All of 
this is due to rapid urbanization, increased traffic, organic and fertilizer use, and agricultural insecticide 
spraying [31]. Heavy metal waste is actually one of the many environmental issues that have the greatest 
potential to damage the environment and human health [46]. These days, Earth's natural resources are 
mixed with a range of human activities [30].  
Because of the possibly harmful effects of heavy metal, there is a worldwide concern that heavy 
agricultural land containing iron and plants grown in this dust should not surpass permissible regulatory 
limits [12]. Natural and anthropogenic sources of essential minerals are found loose in the soil [25]. The 
organization of underground cities in developing countries is known to be put to the test by cold 
population, growth, and modernization [28].  
The key explanations for their extensive research are the growth and determination of precious metals in 
remote parts of the world, their numerous discoveries, and potential harm [40]. Not only is the world's 
obsession with metals a waste of time, but so are the particulars of organisms and the subtleties that offer 
a new understanding of matter dissolution and exploration [68].  
The extraction of iron in the solid process into soil solutions and problems concerning the types of 
minerals in the soil parts decide the behavior of the metal in the soil and the biological impact of 
producing its presence in the upper layer [74]. The types of metals not currently available in earth 
solutions are moderately larger than the large quantities of solids in the solid phase that cause biotic 
pollutants in soil biota, limiting metal acceptance by heavy flora [79]. Table 1. 
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Table 1. Classification of heavy metals with examples 
Class of heavy metals   Examples 
Macro-nutrients elements  Cobalt, Iron 
Micro-nutrients elements  Copper, Nickle, Chromium, Iron,     Manganese, Molybdenum 
Highly toxic elements  Mercury, Cadmium, Lead, Palladium, Bismuth, Arsenic, Platinum, 

Selenium, Tin, Zinc 
Precious elements  Platinum, Silver, Gold, Palladium,    Ruthenium 
Radio elements Uranium, Thorium, Radium, Cerium,  Praseodymium 

Source: Awashthi [6] 
 

METALS AS ENVIRONMENTAL POLLUTANTS 
The precious metals obey a logic that originates on the other side of the globe. People enjoy events such 
as initiation, establishment, and manufacturing through the use of metals and metallic compounds used 
for local and agricultural applications, and critical metal waste is produced as an equally common waste 
[9]. Natural behind volcanic eruptions or pillars survival or periodic formation at sea is a significant metal 
present in natural and anthropogenic resources in the atmosphere [15]. Anthropogenic sources such as 
waste processing, heat melting process removal, brick kilns, composting, pesticides and chemicals used in 
agriculture all contribute significantly to polluting our troposphere and disrupting biodiversity [14]. 
 

 
Fig. 1 Potential sources of heavy metals in the environment Source: doi: 10.3389/fenvs.2019.00066 

 
HEAVY METALS DISTRIBUTION IN ENVIRONMENT  
NATURAL SOURCES 
Heavy Metals in Rocks 
Isomorphic exchanges incorporate large metals in a quartz matrix with main crystals [29]. Despite the 
fact that the mud is cool, differences in normal weather conditions cause the body in the rocks to 
deteriorate and break up into units, allowing water, air, and grease to reach the flowers [5]. Active 
species or organic responses increase the abnormalities of existing calcite in the deposit. Ni, Co, Mn, Li, 
Zn, Cu, Mo, Se, V, Rb, Ba, Pb, Ga, Sr, F, and other essential metals found in the rock include Ni, Co, Mn, Li, 
Zn, Cu, Mo, Se, V, Rb, Ba, Pb, Ga, Sr, F, and others [10]. 
Heavy rocks weaken the earth's good elements, which would otherwise be degraded by ice, liquid, 
temperature, and other influences [35]. Since the earth and the scale of the metal relationships absorb 
humorous and diverse features, the earth medium is the main container otherwise carrying media for 
large metals [11]. Soil is the gateway to the key, and anthropogenic death is used by heavy metal outside 
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the troposphere. Metals may be absorbed, reacted to, interacted with, stimulated, delayed, or slowed by 
the earth's crust [54]. Other variables that affect this process include pH, liquid, temperature, material 
distribution, metal flowers, and clay content. Natural resources that are still unresolved are separated 
into suitable alternatives [34]. Metals and metalloids from iron, petrol, animal waste, slush, wasted 
irrigation water, special confession, and other sources have polluted the lands. The key impurities in the 
earth's precious metals are converted to the following purposes: (1) a fast-paced community with a 
complete sequence, (2) my experience gained from transport from the mine to the tropics, and (3) high 
iron positions, among other things. 
Heavy Metals in Water 
Metal systems in external canals, such as canals, seas, and streams, belong to the loam, rock, and liquid 
current types. Metals from the outside are moved to the system's back end, where they are sorted into 
compost or sheets [36]. Even though rainwater passes through the troposphere, it is contaminated. A 
variety of productive natural processes pollute water bodies [76]. After leachates for garbage disposal, 
liquid removal, stone production, and other purposes, sprinkled drinks become polluted. 
Heavy Metals in Atmosphere 
Through external destruction and colloidal damage, essential metals are more interested in air than 
smoke and particles of matter [1]. Air, inanimate soils, saline aquatic plants, volcanic eruptions, and 
forest fires all exist in vast oceans in the spring. Significant impurities in the weight of steel can also form 
after several manufacturing processes involving the construction of the earth's foundations, furthering 
these common foundations [66]. Unstable metals like Se, Hg, As, and Sb are distributed in a particular 
vapour system and atmosphere. Major iron deficiency can be found in a variety of spatial structures, 
including (1) the number and characteristics of production emissions, (2) environmental sensitivity, (3) 
the possibility of a natural problem, and (4) the proximity of these precious metals to humans [72]. 
 
ANTHROPOGENIC SOURCES 
Heavy metal contamination exists as a result of the following activities: ore processing and removal, 
pesticide batteries, paper factories, tanneries, fertilizer industries, smelting, fly ash, solid waste disposal, 
including compost manure, garbage dumping, and automobile collisions [63]. Due to the endless supply 
of chemicals and food processing compost, a complete view of the big metal is right next to you with more 
water by entering [33]. The distribution of large metals is uneven.  Pesticides have accelerated the 
development of vital metals in a variety of natural settings [82]. 
Pesticides used in agriculture absorb compounds such as Hg, As, and Pb in addition to Zn and Cd. He 
assumes the distribution of iron is confined to essential machine types [38]. To put it another way, the 
metals have been extracted so this mechanism tends to build up in the soil and incorporate natural 
components even after the events have ended [20]. The anthropogenic causes of iron ore were divided 
into five groups by Ross (1994): (1) Agriculture (Zn, As, Pb, Cd, Cu, Se, and Uranium); (2) Metalliferous 
removal and melting (Cd, Pb, As, and Hg); (3) Industry (Cd, Hg, As, Cr, Cu, Co, Ni, and Zn); (4) Waste 
Disposal (e.g., Pb, Cu, Cd, Cr, Zn, and Hg); and (5) Atmospheric Posting (e.g., Pb (As, Pb, Cr, Hg, Cu, Cd and 
U). 
Coal Heat 
Wood burning is the predominant source of huge quantities of metal in the atmosphere. It would be 
determined by the reinforcement of non-ferrous metals in the air and heat-producing structures. 
Fertilizer 
A surprising amount of large iron can be found in the spraying of a few bugs and pesticides used in 
farming. The key arsenate is used to treat fruit-eating rodents, and arsenic-containing compounds were 
used to keep livestock ticks [58]. 
Bio-solids and Manures 
Many metals, such as As, Ch, Cd, Cu, and lead, can be found in large amounts in urban waste and 
computers poured directly into the earth's crust [77]. 
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Fig. 2 Anthropogenic sources of heavy metals. 

(Source:https://www.slideshare.net/tutan2009/heavy-metal-pollution-in-soil-and-its-mitigation-aspect-
by-dr-tarik-mitran). 

 
This is a wet world, and the earth is a normal planet with normal resources. High levels of fluid in the 
world compete with crop yields and put the intermediate areas of humanoids, plants, and flowers at risk 
of humidity. It's important to keep metals out of the atmosphere as much as possible [7]. This heavy 
metal contamination in the soil has also been characterized as environmental degradation because it 
disrupts the food chain, lowers food quality due to photo toxicity, and reduces soil fertility, among other 
things [70]. This situation of extreme mental hazards caused by heavy waste can be due to industrial 
incompetence in the form of direct waste disposal in space, disaster, which means difficult guidance for 
government agencies in developing countries to protect the environment, and the unreliability of 
currently located remedial programmes and major applications [45]. 
Heavy metal cannot be absolutely eradicated at this time. When iron is imported and pollutes the 
atmosphere, depending on the type of metal and the soil [79], it can last for a long time [69]. 
Many modified knowledges, including body, biochemical, and biotic, have been used over the years, 
including soil adjustment, soil subdivision, vitrification, electro kinetic system balance, soil washing, and 
soil cleaning, among others, and often disrupts soil resources[24]. After heavy metals, scientists are likely 
to have introduced new methods of dust reduction, such as phytoremediation and bioremediation. Phyto-
stabilization, phyto-filtration, phyto-extraction, phyto-volatilization, and phyto-degradation are some of 
the techniques used in phytoremediation [13]. 
 
SOIL PREPARATION METHODS 
Soil preparation methods can be broadly divided into three categories i.e., chemical, biological and 
physical (Fig.3). 
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Fig. 3 Comparison of different soil cleanup methods 

(Source: https://dx.doi.org/10.1016/j.gexplo.2016.11.021) 
 
PHYSICAL METHODS 
Soil replacement 
Soil replacement is the method of removing or partly replacing soil that has been polluted [53]. Light 
soils, soft clay, or soils with high carbon content below or near the construction site can be unaffected 
and replaced in good phases at a higher level to preserve stability or prevent unreasonable structure 
approval. Soil restitution techniques minimize heavy metal absorption in the soil, increasing soil quality 
[80]. Heavy metals are often removed from restorative soils, or they are disposed of elsewhere in some 
situations. Soil replacement can also be accomplished by (1) soil loading and (2) the import of fresh soil. 
It extends deeper into the earth, accomplishing the objective of metal refining. The addition of new soil to 
heavy metal soils is known as new soil implantation. To minimize iron absorption, additional soil may be 
covered or mixed. Soil recycling efficiently separates soil from contaminated environments, reducing 
environmental effects [27]. However, because of Laboure's high efficiency, this method is costly, and it is 
only suitable for highly contaminated soils with limited room. Mass excavation, short-term storage, and 
disposal costs range from 15000 to 25000 rupees per tonne. Transporting excavated land over a long 
distance can be expensive. Furthermore, since the soil is damaged, this approach cannot operate on 
planted sites. Furthermore, since soil fertility is harmed, this approach will not operate on planted sites 
[4]. 
Soil isolation  
Soil replacement refers to removing or partially polluted soil, light soils, soft clay, or highly carbon-based 
soils below or near construction that are unchanged and replaced in good phases at a higher level to 
preserve stability or prevent unequal structure approval. Soil restitution techniques minimize heavy 
metal absorption in the soil, increasing soil quality [80]. Heavy metals are often removed from restorative 
soils, or they are disposed of elsewhere in some situations. Soil replacement can also be accomplished by 
(1) soil loading and (2) the import of fresh soil [73]. It extends to deeper areas in the ground, achieving 
the goal of metal processing. The term "new soil implantation" refers to the addition of new soil to heavy 
metal soils. To minimize iron absorption, more soil may be covered or mixed in. Soil recycling can 
effectively separate soil from a contaminated atmosphere, lowering its environmental impact [55]. 
However, because of Labor’s high efficiency, this method is costly, and it is only suitable for highly 
contaminated soils with limited space. Mass excavation, short-term storage, and disposal costs range 
from 15000 to 25000 rupees per ton. Transporting excavated land over a long distance can be expensive. 
Furthermore, since soil fertility is harmed, this approach will not operate on planted sites [4]. 
 
 

Raj et al 

https://dx.doi.org/10.1016/j.gexplo.2016.11.021)


BEPLS Vol  10 [6] May  2021             58 | P a g e            ©2021 AELS, INDIA 

Vitrification 
It is a way of reinforcing / reinforcing that uses heat energy. By using high temperature output in a 
polluted environment that results in the formation of material, heavy metal movement inside the soil can 
be minimized. Other forms of iron (Hg) can be exposed to high temperatures during vitrification and 
must be collected for disposal or treatment [81].Vitrification is a relatively new form of metal repair. It's 
pretty simple to combine with other bodybuilding techniques [8]. It can be used on a wide range of 
carbon and biologically polluted soils. The electric current is transmitted over the soil during in 
vitrification by directly inserting further electrodes into the polluted field [52].It used a space heater up 
to 1850 degrees C to conduct in-field joule heat system vitrification of Zn and Pb tones rich ceramic 
waste. They found that the vitrification methods were very useful in purifying heavy metals polluted with 
unused waste, and that they could also be used to clean up large quantities of mine.When it comes to 
reducing heavy metals in soil samples, the timing of vitrification is crucial. During vitrification, toxic gases 
may also be generated. With the exception of chromium-contaminated soil, the full-scale application 
comes from arsenic and lead. This method can also be used to treat mixed waste. The system's proper 
operation can be hampered by a high and wet clay material [64]. 
Vitrification may be done in situ or ex situ, but the in-form approach is preferred because it is less 
expensive than living requirements. Ex situ vitrification necessitates a long lifetime in order to melt, so it 
is costly in certain ways [21]. Wet soils with low alkaline content can be used to dissolve in 
vitrification.For large areas polluted with metal, these techniques may be extended to a small solution. 
This approach may be very unique under field conditions or to a large degree [26]. 
 

 
Fig. 4Diagram showing steps in vitrification process for metal, including (a) insertion of electrodes and 
placement of graphite and glass frit starter path to invite vitrification, (b) subsidence of soil during 
vitrification and (c) placement of backfill over vitrified monolith [39] 
 
Electrokinetic 
The soil electro kinetic process is a modern and low-cost method for removing heavy metals from the soil 
[65]. The electrokinetic soil solution operates on the concept of establishing an ideal strength ground 
gradient on both sides of an electrolytic tank containing saturated soil polluted ions and small electrical 
particles, as well as water, which is transferred between the anodes [32].The anions, like the cations, 
continue to the anode and the cations to the negative. The pH of the anodes is maintained with buffer 
solutions. Metals may be separated using electroplating, precipitation/co-precipitation on anodes, ion-
binding structures, or surfactant debris pumping. It works particularly well in well-drained soils with low 
groundwater flow rates [32]. 
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Fig. 5 Electro kinetic process for soil remediation [39]. 

 
BIOLOGICAL METHODS 
Phytoremediation 
It's a Greek term made up of two words: Phyto, which means "without floras," and Remedium, which 
means "without precision or eradication of evil." Many vegetable factors influence its development, 
including soil chemicals, bacteriological or herud exudates, and the host's biological capacity to absorb, 
accumulate, burn, transport, and dissolve iron. The term phytoremediation refers to a number of 
processes and systems that can disable, eliminate, or eliminate metals in different ways. Phyto-
stabilization, phyto-accumulation, and phyto-volatilization are some of the terms used to describe 
phytoremediation.   

 
Fig. 7 Mechanisms for phytoremediation of metals  [39]. 
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Phyto-volatilization 
Metals are created from the earth or transformed into a small number of poisonous odours that are 
released into the air during the flowering process [69]. Since the inside of the flowers is produced 
mechanically, which is normally regulated inside the plants by other enzymes or genes, the 
transformation of large metals is gaseous / volatilized. To improve the ability of plants to make energy, 
the phyto-volatilization process typically employs genetically modified plants [57]. 
Large-scale phyto-volatilization of groundwater solutions appears to be ineffective. Since no one has the 
power to stop the metal from being used in phyto-volatilization, the immeasurable structures are 
continuously purified and stuck in the air, and therefore become a temporary or natural hazard. 
Moreover, phyto-volatilization results in minor losses and no elimination of polluted herbal biomass, 
posing a problem of environmental negligence [48]. 
Phytoextraction- Contains the seed of herbs for heavy metal purification in the soil [22]. The ability of 
vegetarians to stimulate, transmit, and stabilize metals from the earth's surface to the surface of the 
flower beds is the basis for this sun-driven method. To plant biomass, heavy metals are separated from 
the earth [78].Herbal biomass is simple to recycle, dispose of, treat or oxidize, and soil-bind. Hyper 
accumulators are plants that can absorb metals from their firing organs and store them in the field or in 
parts of the plant that do not accumulate metals [19].  
Plants that can be used for extraction should have the following characteristics:  

❖ the ability to accumulate iron in the upper part of the soil,  
❖ the acceptance of high iron content  
❖ the ability to cultivate quickly with high biomass and large roots. 

 

 
Fig. 8 Phytoextraction: remove heavy metals from soil[71] 

Phyto-strengthening 
Flowers can be used to reduce the supply and movement of iron in soil, which can be paid for with plant 
reinforcement [17]. Its aim is to keep heavy metals from accumulating on the surface of plants that have 
evolved beyond the rhizosphere's origin or rainfall [2]. Phyto-reinforcement is commonly used in soils 
where phytoextraction is difficult or impossible. It contributes to full environmental regeneration by 
increasing soil fertility. It has the potential to worsen the issue of highly contaminated soil [44]. Planting 
herbal remedies to absorb metal pollutants and adjust to local air conditions is helpful in this situation. 
The highest concentrations of iron are collected by nonmetallic plants from the earth to the root, with 
only minor movement to the central section's [42]. Florida alters the transition of the rhizosphere, which 
has various physical and chemical properties, causing metals to cling to contaminated soil. The 
development of the iron roots is transmitted to the loam microorganisms, who are delighted with the 
increased growth and use of heavy metal in the loam [60]. 
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CHEMICAL METHODS 
Soil washing   
The extraction method is determined by the metal and the soil. Washing the soil is an easy way to 
complete a task without making a long-term commitment. A variety of chemicals have been used to 
extract large particles from the earth [61]. This can be accomplished in reactors or by heap leaching. 
Inorganic acids with a pH below 2 such as sulfuric and hydrochloric acid, carbon-based acids such as 
acetic and citric acid, chelating agents such as ethylene diaminetetraacetic acid (EDTA) and 
nitrilotriacetate (NTA), and the various compounds mentioned above are examples of these agents. These 
extracts can easily prepare soil with 10-20% mud and carbon-based material[23]. 

 
Fig. 9 Soil washing process using injection of water or solution containing chemicals including acids, 

chelating agent or surfactant [39]. 
 

Weight loss  
When we travel from one location to another with limited exposure to heavy metal, we can experience 
exhaustion and excessive tiredness. Turbulence, precipitation, and adsorption reactions cannot transport 
critical metals to the earth [50]. Organic and non-organic matter in the soil is commonly used to make 
essential metals for soil mitigation [37]. Animal manure and bio-solids are two common biotic 
modifications used to treat iron deficiency. These days, low-iron compost items are used to control iron 
in the soil [16]. Farm manure has been shown to be effective in promoting Fe, Cr, Ni, Mn, and Pb on the 
ground, and diammonium phosphate has been shown to be effective in strengthening Cu, Cd, and -Zn on 
the ground[3]Organic goods increase the soil's natural content. 
Because of their ease of use and low cost, biomaterials have been widely used in recent years to disable 
essential minerals in the soil. Biomaterials are a form of material that is made up of bio-char and has 
gotten a lot of coverage as a way to keep valuable minerals out of the soil [59]. 
Bio-char is made up of carbon-rich materials such as coal ash, animal waste, biomass, plant residues, and 
bio-solids [67]. Large metals do not function in the soil as a result of changes in soil properties, especially 
pH growth [49]. 
 
FUTURE DEVELOPMENTS IN THE REFINING OF HEAVY METALS 
The costs and effects of technology, as well as the difficulty of the mission, have rendered soil cleaning a 
difficult task [18]. The biotic solution of large quantities of contaminants shows substantial benefits in 
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terms of environmental protection, field use, public sentiment, and related costs as compared to the 
physiological processes of chemical reactions [64]. Although there are many practical and technological 
drawbacks to using the biological field scale, this limit can be minimized with proper field management 
and improvement [51]. Biological approaches encourage a more systematic application in contaminated 
industrial or urban areas in order to reduce soil mineral content and improve soil fertility [67]. In small 
contaminated sites where highly polluted soil has been excavated, biotic methods are used. The use of 
transgenic technology, as well as field scale experiments, to increase biological performance and 
efficiency. Because of its efficacy and success in the field, some researchers developing plant hyper-
accumulators in the future would be a smart decision [41]. Plant varieties suitable for phytoremediation 
must be able to generate high-quality biomass, be adaptable to different climates, have a long and 
branched root system, be able to mix, suck, move, and sew metals in the upper sections of the earth, be 
easy to harvest, and be genetically modified [56]. The combination of innovative soil, plants, and 
microbes, as well as transgenic technology, will pave the way for future growth [20]. 
 
CONCLUSION 
Essential metals are abundant in the troposphere, which is characterized by increased growth, city 
expansion, and capital exploitation, determined atmospheric conditions and selection for human 
nutrition. To avoid further environmental degradation and part thereof, steps have been taken on a 
national and international level to address the major pollution issue. In order to effectively fix polluted 
areas, a variety of remedial procedures are employed. Successful and different repair processes have 
been contrasted which is widely used to cleanup dirty fibers; physical treatments can fully extract critical 
metals from polluted environments, but they are more costly and naturally destructive. In a small area of 
soil, this approach is often used. The best, least costly, and most cost-effective are biological methods 
which are time-consuming methods that extends to a low to medium soil levels. The chemical methods 
are simple, easy to remember, generally accepted, and cost-effective. 
 
REFERENCES  
1. Abdel-Shafy, H. I., & Mansour, M. S. (2016). A review on polycyclic aromatic hydrocarbons: source, 

environmental impact, effect on human health and remediation. Egyptian journal of petroleum, 25(1), 107-123. 
2. Akpor, O. B., &Muchie, M. (2010). Remediation of heavy metals in drinking water and wastewater treatment 

systems: processes and applications. International Journal of Physical Sciences, 5(12), 1807-1817.  
3. Alam, S. N., Khalid, Z., Singh, B., Guldhe, A., Shahi, D. K., &Bauddh, K. (2020). Application of biochar in agriculture: 

a sustainable approach for enhanced plant growth, productivity and soil health. In Ecological and practical 
applications for sustainable agriculture (pp. 107-130).Springer, Singapore. 

4. Ali, J. K. A. K. (2004). The Impact of Industrial Waste on Human and Natural Resources: A Case Study of 
Khartoum North Industrial Area. Master of Science Thesis: Omdurman Ahlia University. 

5. Anju, A., Ravi S, P., &Bechan, S. (2010). Water pollution with special reference to pesticide. contamination in 
India. Journal of Water Resource and Protection,  

6. Awasthi, M. K., Duan, Y., Awasthi, S. K., Liu, T., Chen, H., Pandey, A., ...&Taherzadeh, M. J. (2020).Emerging 
applications of biochar: Improving pig manure composting and attenuation of heavy metal mobility in mature 
compost. Journal of hazardous materials, 389, 122116. 

7. Ball, P., &Hallsworth, J. E. (2015). Water structure and chaotropicity: their uses, abuses and biological 
implications. Physical Chemistry Chemical Physics, 17(13), 8297-8305.  

8. Bäckström, I. (2020). Bodies, current vehicles, or embodied agents?: An anthropological study of the human 
body and the human condition in an age of Transhumanism. OAI: oai:DiVA.org:uu-426400DiVA, 
id: diva2:1504557 

9. Bahrami, A., Soltani, N., Pech-Canul, M. I., & Gutiérrez, C. A. (2016). Development of metal-matrix composites 
from industrial/agricultural waste materials and their derivatives.Critical Reviews in Environmental Science and 
Technology, 46(2), 143-208.  

10. Borghesi, F., Migani, F., Andreotti, A., Baccetti, N., Bianchi, N., Birke, M., &Dinelli, E. (2016). Metals and trace 
elements in feathers: a geochemical approach to avoid misinterpretation of analytical responses. Science of The 
Total Environment, 544, 476-494. 

11. Boriskina, S. V., Green, M. A., Catchpole, K., Yablonovitch, E., Beard, M. C., Okada, Y., ...& Chen, G. (2016). Roadmap 
on optical energy conversion.Journal of Optics, 18(7), 073004. 

12. Briffa, J., Sinagra, E., & Blundell, R. (2020). Heavy metal pollution in the environment and their toxicological 
effects on humans.Heliyon, 6(9), e04691. 

13. Burlakovs, J. (2015). Contamination Remediation with Soil Amendments by Immobilization of Heavy Metals. 
14. Calkins, M. (2008). Materials for sustainable sites: a complete guide to the evaluation, selection, and use of 

sustainable construction materials. John Wiley & Sons. 
15. Culshaw, M. G., & Waltham, A. C. (1987). Natural and artificial cavities as ground engineering hazards.Quarterly 

Journal of Engineering Geology and Hydrogeology, 20(2), 139-150.  
16. Cycoń, M., Mrozik, A., &Piotrowska-Seget, Z. (2019). Antibiotics in the soil environment degradation and their 

Raj et al 



BEPLS Vol  10 [6] May  2021             63 | P a g e            ©2021 AELS, INDIA 

impact on microbial activity and diversity.Frontiers in microbiology, 10, 338. 
17. Day, S. D., Eric Wiseman, P., Dickinson, S. B., & Roger Harris, J. (2010). Tree root ecology in the urban 

environment and implications for a sustainable rhizosphere.Journal of Arboriculture, 36(5), 193. 
18. Deshmukh, A., Boo, C., Karanikola, V., Lin, S., Straub, A. P., Tong, T., ...&Elimelech, M. (2018). Membrane 

distillation at the water-energy nexus: limits, opportunities, and challenges. Energy & Environmental Science, 
11(5), 1177-1196. 

19. Dhir, B. (2013). Phytoremediation: role of aquatic plants in environmental clean-up (Vol. 14). New Delhi: Springer.  
20. Dixit, R., Malaviya, D., Pandiyan, K., Singh, U. B., Sahu, A., Shukla, R., ...& Paul, D. (2015).  Bioremediation of heavy 

metals from soil and aquatic environment: an overview of principles and  criteria of fundamental processes. 
Sustainability, 7(2), 2189-2212. 

21. Egede Rasmussen, A. (2004).Waste incineration.Final report. 
22. El-Hack, A., Mohamed, E., Alagawany, M., Elrys, A. S., Desoky, E. S. M., Tolba, H., ... &Swelum, A. A. (2018). Effect of 

forage Moringaoleifera L.(moringa) on animal health and nutrition and its beneficial applications in soil, plants 
and water purification. Agriculture, 8(9), 145. 

23. Estes, T. J., & McGrath, C. J. (2014). Economical treatment of dredged material to facilitate beneficial use. 
ENGINEER RESEARCH AND DEVELOPMENT CENTER VICKSBURG MS ENVIRONMENTAL LAB.  

24. Fakhar, A., Gul, B., Gurmani, A. R., Khan, S. M., Ali, S., Sultan, T., ...&Rizwan, M. (2020). Heavy metal remediation 
and resistance mechanism of Aeromonas, Bacillus, and Pseudomonas: A review. Critical Reviews in 
Environmental Science and Technology, 1-48. 

25. Gadd, G. M. (2007). Geomycology: biogeochemical transformations of rocks, minerals, metals and radionuclides 
by fungi, bioweathering and bioremediation. Mycological research, 111(1), 

26. Gautam, P. K., Gautam, R. K., Banerjee, S., Chattopadhyaya, M. C., &Pandey, J. D. (2016). Heavy metals in the 
environment: fate, transport, toxicity and remediation technologies. Heavy metals, 1-27. 

27. Ghosh, M., & Singh, S. P. (2005). A review on phytoremediation of heavy metals and utilization of itsby products. 
Asian J Energy Environ, 6(4), 18. 

28. Greenhalgh, S. (2003). Planned births, unplanned persons:" Population" in the making of Chinese.modernity. 
American ethnologist, 30(2), 196-215. 

29. Gupta, C. K. (2003). Chemical metallurgy.Principles and practice 
30. Gutiérrez, F., Parise, M., De Waele, J., &Jourde, H. (2014). A review on natural and human-induced geohazards 

and impacts in karst.Earth-Science Reviews, 138, 61-88. 
31. Hall, K. J., &Schreier, H. (1996). Urbanization and agricultural intensification in the Lower Fraser River valley: 

Impacts on water use and quality. GeoJournal, 40(1), 135-146. 
32. Hashim, M. A., Mukhopadhyay, S., Sahu, J. N., &Sengupta, B. (2011). Remediation technologies for heavy metal 

contaminated groundwater. Journal of environmental management, 92(10), 2355-2388. 
33. Haug, R. (2018). The practical handbook of compost engineering. 
34. He, M., Wang, N., Long, X., Zhang, C., Ma, C., Zhong, Q., ...& Shan, J. (2019). Antimony speciation in the 

environment: Recent advances in understanding the biogeochemical processes and ecological effects. Journal of 
Environmental Sciences, 75, 14-39. 

35. Heinrich, C. A., Pettke, T., Halter, W. E., Aigner-Torres, M., Audétat, A., Günther, D., ...& Horn, I. (2003). 
Quantitative multi-element analysis of minerals, fluid and melt inclusions by laser-ablation inductively-coupled-
plasma mass-spectrometry.GeochimicaetCosmochimicaActa, 67(18), 3473-3497.  

36. Hottle, T. A., Bilec, M. M., Brown, N. R., & Landis, A. E. (2015). Toward zero waste: Composting and recycling for 
sustainable venue based events. Waste Management, 38, 86-94. 

37. Hou, D., O’Connor, D., Igalavithana, A. D., Alessi, D. S., Luo, J., Tsang, D. C., ... & Ok, Y. S. (2020). Metal 
contamination and bioremediation of agricultural soils for food safety and sustainability.Nature Reviews Earth & 
Environment, 1(7), 366-381. 

38. Huang, L. M., Deng, C. B., Huang, N., & Huang, X. J. (2013). Multivariate statistical approach to identify heavy 
metal sources in agricultural soil around an abandoned Pb–Zn mine in Guangxi Zhuang Autonomous Region, 
China. Environmental Earth Sciences, 68(5), 1331-1348. 

39. Jankaite, A., &Vasarevičius, S. (2005). Remediation technologies for soils contaminated with heavy metals. 
Journal of environmental engineering and landscape management, 13(2), 109-113. 

40. Järup, L. (2003). Hazards of heavy metal contamination.British medical bulletin, 68(1), 167-182. 
41. Khalid, S., Shahid, M., Niazi, N. K., Murtaza, B., Bibi, I., &Dumat, C. (2017). A comparison of technologies for 

remediation of heavy metal contaminated soils. Journal of Geochemical Exploration, 182, 247-268.  
42. Kumar, A., &Maiti, S. K. (2013). Availability of chromium, nickel and other associated heavy metals of ultramafic 

and serpentine soil/rock and in plants. International Journal of Emerging Technology and Advanced Engineering, 
3(2), 256-268. 

43. Kumar, M., Gogoi, A., Kumari, D., Borah, R., Das, P., Mazumder, P., &Tyagi, V. K. (2017). Review of perspective, 
problems, challenges and future scenario of metal contamination in the urban environment. Journal of 
Hazardous, Toxic and Radioactive waste 21(4), 04017007. 

44. Lal, R. (2004). Soil carbon  impacts on global climate change and food security. science, 304(5677), 1623-1627.  
45. Lundgren, R. E., &McMakin, A. H. (2018). Risk communication: A handbook for communicating environmental, 

safety, and health risks. John Wiley & Sons. 
46. Mahurpawar, M. (2015). Effects of heavy metals on human health.International Journal of Reseacrh-

Granthaalayah, ISSN-23500530, 2394-3629. 

Raj et al 



BEPLS Vol  10 [6] May  2021             64 | P a g e            ©2021 AELS, INDIA 

47. Masters, J. (2014). The Speltermen of Swansea (Doctoral dissertation, University of Wales, Trinity St Review of 
perspective, problems, challenges, and future scenario of metal contamination in the urban environment. Journal 
of Hazardous, Toxic, and Radioactive Waste, 21(4), 04017007. 

48. Mbanga, O. (2017). Evaluation of mercury accumulation and biotransportation in wetland plants affected by gold 
mining and industrial activities (Doctoral dissertation). 

49. McCauley, A., Jones, C., & Jacobsen, J. (2009). Soil pH and organic matter.Nutrient management module, 8(2), 1-
12. 

50. Mudhoo, A., Garg, V. K., & Wang, S. (2012). Heavy metals: toxicity and removal by biosorption. In Environmental 
chemistry for a sustainable world (pp. 379-442).Springer, Dordrecht. 

51. Muggeridge, A., Cockin, A., Webb, K., Frampton, H., Collins, I., Moulds, T., &Salino, P. (2014). Recovery rates, 
enhanced oil recovery and technological limits. Philosophical Transactions of the Royal Society A: Mathematical, 
Physical and Engineering Sciences, 372(2006), 20120320.  

52. Mulligan, C. N., Yong, R. N., & Gibbs, B. F. (2001). Remediation technologies for metal-contaminated soils and 
groundwater: an evaluation. Engineering geology, 60(1-4), 193-207. 

53. Nejad, Z. D., Jung, M. C., & Kim, K. H. (2018). Remediation of soils contaminated with heavy metals with an 
emphasis on immobilization technology. Environmental geochemistry and health, 40(3), 927-953. 

54. Ogbonna, P. C., &Okezie, N. (2011). Heavy metal level and macronutrient contents of roadside soil and vegetation 
in Umuahia, Nigeria.Terr. Aquat. Environ. Toxicol.,5, 35-39. 

55. Ossai, I. C., Ahmed, A., Hassan, A., & Hamid, F. S. (2020). Remediation of soil and water contaminated with 
petroleum hydrocarbon: A review. Environmental Technology & Innovation, 17, 100526. 

56. Padhan, D., Rout, P. P., Kundu, R., Adhikary, S., &Padhi, P. P. (2021). Bioremediation of Heavy Metals and Other 
Toxic Substances by Microorganisms.Soil Bioremediation: An Approach Towards Sustainable Technology.  

57. Prasad, M. N. V. (Ed.). (2018). Transgenic plant technology for remediation of toxic metals and 
metalloids.Academic Press. 

58. Rae, I. D. (2020). Making good use of arsenic’s toxicity to control pests and diseases.ChemTexts, 6(4), 1-10. 
59. Reddy, D. H. K., Vijayaraghavan, K., Kim, J. A., & Yun, Y. S. (2017). Valorisation of post-sorption materials: 

opportunities, strategies, and challenges. Advances in colloid and interface science, 242, 35-58. 
60. Reilly, C. (1980). Metal contamination of food (pp. 40-60). London: Applied science publishers.  
61. Riser-Roberts, E. (2020). Remediation of petroleum contaminated soils: biological, physical, and chemical 

processes. CRC press. 
62. Routledge. Zuniga, L. (2020). Transformation Of The Hyperarid Desert Soils In Arequipa Peru During Four 

Decades Of Irrigation Agriculture (Doctoral dissertation, Purdue  University).  
63. Shahid, M. M., Rameshkumar, P., Pandikumar, A., Lim, H. N., Ng, Y. H., & Huang, N. M. (2015). An electrochemical 

sensing platform based on a reduced graphene oxide–cobalt oxide nanocube@ platinum nanocomposite for 
nitric oxide detection. Journal of Materials Chemistry A, 3(27), 14458-14468.  

64. Sharma, P., &Pandey, S. (2014). Status of phytoremediation in world scenario.International Journal of 
Environmental Bioremediation & Biodegradation, 2(4), 178-191.  

65. Sharma, S., Tiwari, S., Hasan, A., Saxena, V., &Pandey, L. M. (2018). Recent advances in conventional and 
contemporary methods for remediation of heavy metal-contaminated soils. 3 Biotech, 8(4), 1-18. 

66. Shipp, J., Gould, I. R., Herckes, P., Shock, E. L., Williams, L. B., & Hartnett, H. E. (2013). Organic functional group 
transformations in water at elevated temperature and pressure: Reversibility, reactivity, and mechanisms. 
GeochimicaetCosmochimicaActa, 104, 194-209. 

67. Singh, N and Kumar, A.(2020).A Review on Bio-Char: A Byproduct of Bio-Wastes.  
1. International Journal of Current Microbiology and Applied Science, 11(Special Issue): 1678-1691. 

68. Solomon, H. (2016). Metabolic living: food, fat, and the absorption of illness in India. Duke 
2. University Press. 

69. Srivastava, S., &Goyal, P. (2010). Novel biomaterials: decontamination of toxic metals from wastewater. Springer 
Science & Business Media. 

70. Stankovic, S., &Stankovic, A. R. (2013). Bioindicators of toxic metals. In Green materials for energy, products and 
depollution (pp. 151-228). Springer, Dordrecht. 

71. Suman, J., Uhlik, O., Viktorova, J., &Macek, T. (2018). Phytoextraction of heavy metals: a promising tool for clean-
up of polluted environment?.Frontiers in plant science, 9, 1476. 

72. Taylor, F. W., Svedhem, H., & Head, J. W. (2018). Venus: the atmosphere, climate, surface, interior and near-space 
environment of an Earth-like planet. Space Science Reviews, 214(1), 1-36. 

73. Van der Molen, D. T., Breeuwsma, A., & Boers, P. C. (1998). Agricultural nutrient losses to surface water in the 
Netherlands: impact, strategies, and perspectives. Journal of Environmental Quality, 27(1), 4-11. 

74. Violante, A., Cozzolino, V., Perelomov, L., Caporale, A. G., &Pigna, M. (2010). Mobility and bioavailability of heavy 
metals and metalloids in soil environments. Journal of soil science and plant nutrition, 10(3), 268-292. 

75. Wang, L. K., Chen, J. P., Hung, Y. T., &Shammas, N. K. (Eds.). (2009). Heavy metals in the environment.CRC press. 
76. Weldeslassie, T., Naz, H., Singh, B., &Oves, M. (2018). Chemical contaminants for soil, air and aquatic 

ecosystems.In Modern Age Environmental Problems and their Remediation (pp. 1-22).Springer, Cham. 
77. Weldeabzgi, A., Reddy, D. N., &Mekonnen, K. N. (2017). Spectrophotometric determination of nickel (II) in soil 

and standard alloy samples using 5-methyl-2-acetylfuran-4-methyl-3-thiosemicarbazone (5-MAFMT). 
Communications in soil science and plant analysis, 48(4), 439-448. 

78. Wolfe, D. (2009). Superfoods: the food and medicine of the future. North Atlantic Books. 

Raj et al 



BEPLS Vol  10 [6] May  2021             65 | P a g e            ©2021 AELS, INDIA 

79. Wuana, R. A., &Okieimen, F. E. (2011). Heavy metals in contaminated soils: a review of sources, chemistry, risks 
and best available strategies for remediation. International Scholarly Research Notices, 2011. 

80. Yao, Y., Gao, B., Zhang, M., Inyang, M., & Zimmerman, A. R. (2012). Effect of biochar amendment on sorption and 
leaching of nitrate, ammonium, and phosphate in a sandy soil. Chemosphere, 89(11), 1467-1471. 

81. Young, S. D. (2013). Chemistry of heavy metals and metalloids in soils.In Heavy metals in soils (pp. 51-
95).Springer, Dordre. 

82. Zhu, C., Du, D., Eychmüller, A., & Lin, Y. (2015). Engineering ordered and nonordered porous noble metal 
nanostructures: synthesis, assembly, and their applications in electrochemistry. Chemical reviews, 115(16), 
8896-8943. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

  
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
CITATION OF THIS ARTICLE 
A Raj, A Kumar and T P. Vaghasiya. Multidisciplinary Approaches to Clean up Heavy Metal Contaminated Soil: A 
Review. Bull. Env. Pharmacol. Life Sci., Vol10[6] May 2021 : 53-65 

Raj et al 


