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Introduction 

Soil is one of the important constituents of the ecosystem 

similar to water, air, plants and animals, developed by 

natural forces which is further differentiated into horizons 

of minerals and organic constituents [1]. Its composition are 

several dynamics like organic matter, minerals, liquids, 

gases and organisms  and thus acts as a natural resource 

supporting life. It impacts air, water, human as well as 

animal health by acting as an interface between biosphere, 

atmosphere and hydrosphere [2]. Occurrence of complex 

processes such as plant-pathogen interactions, apart from 

abiotic constituents, form it heterogeneous [3].  

Nevertheless, soil provides medium for the growth of the 

plants, in storage, supply and sanitization of water, 

transformer of earth's atmosphere, and habitat for 

organisms which make it a critically important tool 

of ecosystem services [4].  

 It harbours various organisms and holds tremendous 

range of niches and habitat. Prokaryotic density of soil is 

mean of approximately 108 organisms per gram [5]. Soil 

offers plants protection from poisons, moderates air, water, 

temperature and nutrients, by transforming dead organic 

matter into several form of nutrients. And by commendably 

eliminating impurities, destroying disease agents [6] and 

vitiate contaminants, acts as a natural attenuator. 

Soil pollution 

Soil traps various harmful pollutants that leach through 

various activities. Soil is regarded as universal sink for all 

kinds of wastes of the society [7]. Wars, release of 

radionuclides through atmospheric weapons, mining, 

industrialization, oil spills, urban sprawl, unsustainable 

agricultural practices acted as source of pollution to the soil 

through the past decades [2,8]. Though soil acts as a buffer 

yet its ability to mitigate pollutants is limited thus exceed in 

amount of contaminants causes soil pollution [9]. It is also 

defined as the reduction in the productivity of soil [10]. 

Presence of harmful substances in the soil cause damage to 

non-target organisms [11]. In 1957, the United States 

Department of Agriculture reported soil pollution to be the 

source of toxicity to human diet.  

Soil pollution cannot be directly assessed or visually perceived generally and has become a hidden 

danger. It is mainly contributed by contamination from chemicals, heavy metals, pesticides, polycyclic 

aromatic hydrocarbons, and persistent organic pollutants. Soil pollutants are antagonistic to diversified 

life forms on earth ranging from soil microbes, plants, and mankind to water inhabitants and aerial lives, 

food security, agricultural productivity thereby exerting detrimental effects and so need immediate 

attention. The remediation of contaminated soil is necessary for sustainable development and continual 

existence of life forms on the planet. Ecological remediation depends chiefly on utilizing different 

innovations like adsorption, assimilation, compound responses, photo-catalysis, and filtration for the 

expulsion of contaminants from natural media like soil. This review elucidates various soil pollutants 

from natural to manmade sources and its affect on the environmental components. It further aims to 

look at recent advances in various remediation technologies for removing contaminants from soil. 

Besides the traditional methods of remediation, techniques involving biological methods, 

biotechnological approach and nanotechnology have been focused. Some possible opportunities and 

challenges of varying soil remediation strategies are discussed. It would suggest new perspectives and 

future challenges in soil remediation. 
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Soil pollutants and contaminants in present 

scenario 

Industrial revolution began in the early eighteenth century 

which was rampant during mid-nineteenth century [12]. 

Increasing industrialization resulted addition of unwanted 

pollutants directly as well as indirectly. Industries are 

dependent on minerals extracted from the earth as raw 

materials and fuel purposes, whereas iron, coal etc. which 

remain further contaminate it. Industrial activities lead to 

accumulation of heavy metals such as Pb, Hg, Cr, As and 

also radioactive heavy metals such as U, Ra, Pu. Soil 

pollution is contributed both by pollutants and 

contaminants. Soil pollutants include two main groups viz., 

the organic pollutants (OPs) and the inorganic pollutants 

(IPs). OPs are toxic as are persistent, soluble (in water or 

organic solvents) resulting in accumulation of by-products 

from their (bio) degradation. Industries emit harmful gases, 

particulate matter and untreated effluents which get 

deposited at wide areas. Inorganic components of industrial 

wastes are harmful to soil. Potentially toxic elements 

(PTEs) are considered priority pollutants, since they are 

nondegradable and persistent in the environment for longer 

periods [13]. Factories and thermal plants emit SO2 which 

make soil acidic [14]. Further, dumping of industrial wastes 

on land, about one fourth of which remains undegraded 

each year is a major cause behind soil pollution. The spread 

of radioactivity, harmful materials through wind is a matter 

of great concern via settling down from the atmosphere and 

radionuclides pollute the soil to such an extent that it loses 

the fertility to support good crop production [15]. 

 Metals being non-biodegradable, remain persistent in 

the soil by undergoing complexation, absorption and 

dissolution [16]. Major sources of heavy metals 

contamination are the industrial effluents. Arsenic (As) 

contaminates soil which comes through volcanic eruptions 

[17]. Natural causes of heavy metals contamination are 

related to igneous rocks that lead to high concentrations of 

Cr in soils from Croatia (Pannonian Region), higher Pb 

levels found in rock-forming alumosilicates and in K-rich 

igneous rocks and pegmatite [18]. Weathering of As 

containing minerals and ores are also a major cause for 

environmental problem [7]. Major sources of heavy metal 

pollution in the soil are discharge of industrial effluents 

which contaminate water bodies and ultimately agricultural 

fields when irrigated by it and can enter the food chain. Due 

to addition of industrial effluents, an increased amount of 

Na+, Cl-, SO4
2-, As, Ni, Pb, Zn, Cr, Fe, Cd, Co, Sn, Cu 

have contaminated crop lands [19]. Application of 

pesticides associated with heavy metals like Cu, Hg also 

intensify the pollution in soil [14]. 

 The world’s waste water referred to as sewage is 

nowadays applied in agricultural farms in developed 

countries of North America, Europe, and countries like 

Belgium, Spain, Denmark, Ireland, France, and United 

Kingdom [20, 21] also in developing countries like India 

[22]. Concerns are now raised on use of sewage as organic 

manure on terrestrial land as its prolonged use might 

increase the risk of pollutants (like heavy metals viz., Cd, 

Cu, Ni, Pb, Zn, Hg, Cr etc.) and pathogens to plants and 

crops.  

 Pesticides application constitute one of the essential 

practice of farmers to survive crops from diseases, pests, 

weeds etc. and meet food demand of rising population. 

Extensive use of pesticides pollutes soil, their residue 

persists in soil and affect 90% of non-target vegetation [23]. 

Pesticides leak into ground and contaminate soil, leave a 

permanent effect. Application of fertilizers to increase the 

nutrients contents ultimately decrease the soil fertility [10]. 

Organochlorines have been detected highest in the soil of 

Brazil [24]. Glyphosate with AMPA were highest in 

European agricultural fields because of the persistent 

behaviour [25]. Organophosphorous compounds, the most 

used insecticides, in the recent decades have developed 

resistance in many insects. Carbamate and pyrethroids 

insecticides are used against various kind of insects such as 

lepidopterous insects, Hemiptera, Diptera and Coleoptera 

[26]. Some pesticides associated with heavy metals like Cu-

based fungicides, Cd, Fe, Mn, Zn, Pb, Hg and Ni have led 

to contamination of the soil [10]. Sharma et al., [27] 

advocated the use of bio-pesticides in place of chemical 

pesticides to reduce soil pollution. 

 Volcanic eruptions including lava, volcanic dust, ashes 

and gas compounds which destroy the landscapes and 

natural resources [28]. Volcanic eruptions of 50 to 60 occur 

each year and contribute to contamination of land [29]. 

Volcanic ash and mud when mix with rain or melting snow 

cause mudflows and acid rain [28]. Volcanic soil and ash 

mostly consist of metals like Mn, Cu, Pb, Zn, Cr, Ni, Co 

and As, of which Cr and As possess carcinogenic as well as 

non-carcinogenic risks [30]. Large areas of land, 

vegetation, water sources etc. get affected by them. Sulphur 

compounds and sulphur dioxide, released in the 

environment cause acid rain. As being acidic, N is a 

component of acid rain which contributes to nitrogen 

pollution that affects aquatic organisms, soil etc. [31]. Acid 

rain changes pH, nutrients composition of soil as solubility 

of nutrients depends on the pH [32].  

Effects of soil pollution on major areas 

Crop productivity 

Food production needs to be increased by 70% essentially 

by 2050 [33] but the increasing soil pollution alters the soil 

composition making it unsuitable for the growth of plants 

and beneficial microorganisms. With the upsurge in the 

human population, there is subside in available land area 

for cultivation, consequently, a decline in crop productivity 

which leads to the major threats for stable agricultural 

sustainability [34]. Major heavy metals such as Ca, Cd,  

Cr, Ni, Pb, Zn and Cu contaminate vegetables when they 

are present at higher than the permissible limits.  

Singh et. al., [35] have reported that Cr caused toxicity in 
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S. lycopersicum and S. melongena seedlings, affected 

several biochemical and physiological parameters.  

 Soil pollution leads to emission of N in large quantities 

by denitrification and decomposition of organic materials 

in the soil [36] which affects crops growth. Nutrients 

present naturally in the soil are lost due to soil pollution and 

affect crop growth [10]. Soil polluted with Pb, asbestos, and 

S is unfavourable for crop growth. Singh et. al., [37] 

reported that stress reduced growth of mustard seedlings 

was alleviated in presence of Ca and NO. Similarly, Bashri 

and Prasad [38] studied the effect of IAA (Indole Acetic 

Acid) in alleviation of Cd caused toxicity in Trigonella 

foenum-graecum L. seedlings. Acid rain leads to a 

continuous cycle of pollution by altering soil composition, 

reducing nutrients content which are important for crop 

growth. Acidity in soil leaches important minerals such as 

Ca and Mg and hinders the ability to maintain the soil pH 

causing plants death due to unfavourable conditions [39]. 

Moreover, acidic deposition into the soil can hamper its 

ability to buffer, this changes soil pH, alters plant 

metabolism causing early deaths of plants and ultimately 

decreased crop productivity.  

Fertility of major land areas  

World population is expected to keep growing and  

reach 8.6 billion by mid-2030 thereby increasing food 

demand and hence urge for food security. Nutrient 

imbalance and soil acidification are consequences of soil 

pollution [40]. Reduced soil fertility directly impacts plant 

productivity [41]. Soil pollution makes the soil toxic, 

unhealthy for vegetation thus soil becomes useless and 

barren [10]. The use of chemical fertilizers in agricultural 

fields also caused decreased soil fertility. Poffenbarger et. 

al., [42] studied the impact of N fertilization in maize fields 

at Midwest U.S. and found site-to-site variability on soil 

health and crop yield. The industrial discharge containing 

heavy metals (lead and arsenic) impacted plant’s fertility 

[43].  

Health of soil microflora  

The functioning of the soil as a vital system supporting 

biological productivity depends to a higher extent on soil’s 

microflora activity. The existence of substantial amount of 

different biologically active chemical substances (heavy 

metals, pesticides, polycyclic carbohydrates, furans, 

polychlorinated biphenyls, dioxins, and petroleum products 

etc.) affect the functioning of soil’s fertility. Because of 

large persistence, pesticides used in agricultural fields not 

only kill pests but also useful microflora, posing a potential 

risk of harmful influence on the bio-ecosystems [10]. High 

use of chemicals leads to leachate into soil and killing of 

useful microflora which aid to plants’ growth [44]. Soil 

microorganisms play essential role in decomposition of 

organic matter thus maintaining nutrient cycle [45] and also 

maintain soil structure for water retention and penetration 

[46]. Cr and As toxicity causes severe reduction in growth 

of paddy fields cyanobacteria N. muscorum and Anabaena 

sp. [47,48]. Cypermethrin, a pyrethroid caused decline in 

growth on essential nitrogen fixing cyanobacterium by 

affecting the enzymatic and non-enzymatic antioxidants 

[49]. Chlorinated organic pesticides such as DDT, dieldrin, 

eldrin are present in the soil surface layers even after 30 

years [50]. Dusek [51] have reported that increasing doses 

of polychlorinated biphenyls (РСРs) brought a strong 

decrease in the nitrite oxidizing bacteria. High 

concentrations of heavy metals can accumulate 

everlastingly in toxic doses and remain undegraded, 

especially (Cd, Pb, As, Cu, Ni) thereby adversely affecting 

the size, diversity and activity of microbial populations in 

soil [52]. This very reason of pesticide determination to 

influence microflora of the polluted sites is very alarming 

and requires applications of remediation techniques. Recent 

studies report about application of organic soil inputs to 

diminish the negative effects of pesticides [41,8,11]. 

Human health   

 Plants grown in contaminated soil pass absorbed 

soil contaminants into food chain ultimately leading to 

bioaccumulation up to highest trophic level, thus impact 

human health [53]. Toxic chemicals enter the human 

system by direct route through the human contacts, 

indirectly via crops growing on them or through drinking 

water that accumulates leached chemicals from the polluted 

land [54,55]. 70% of soil pollutants are carcinogenic and 

their exposure to humans leads to cancer. Long term effects 

of soil pollution have been seen to cause cancer, leukemia, 

reproductive disorders, kidney damage, central nervous 

system failure etc. [56]. Thalamates and Bisphenol A leach 

out of plastic particles and effect the hormone system of 

vertebrates and invertebrates. Nano-size particles are 

reported to cross selectively permeable membrane such as 

blood brain barrier and placenta [56]. Human illnesses such 

as migraines, nausea, miscarriages have been more reported 

in people living nearby polluted lands. Toxic gases and foul 

odours emitted from landfills also cause serious health 

effects in humans [10]. As because of troublesome 

microbiological analysis, soil pollutants dissolved water 

bodies are not examined for viruses, they pose a 

considerable threat to humans and animals [57,58]. 

 Soil pollutants are harmful to brain development in 

children (loss of IQ) and lead to neurological disorders [59]. 

It is also reported that long term exposure to benzene and 

polychlorinated biphenyls (PCB) caused leukemia and liver 

cancer, respectively. High concentrations of lead and 

mercury damage liver and kidney [60,61]. Another 

important group of inorganic contaminants are 

radionuclides which are unstable isotopes that may  

undergo radioactive decay (e.g., Cs, Sr, Eu and Th). 

Therefore, they emit radiation which may be harmful [62]. 

Radioactive metals discharged through industrial wastes 

cause damage to chromosomes, lead to mutations, cancers 

in animals, and humans [63]. Several regulations have been 

implemented against industrial pollution to minimize soil 

pollution.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Poffenbarger%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=28249014
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Population of birds and other predators 

Soil pollution leads to less availability of food, habitat to 

birds by impacting the vegetation of area. The decline in 

forest due to slow leaching of heavy metals from 

contaminated soil is regarded one of major factor behind 

birds decline [64]. Metal pollution caused decline in Ca-

rich insects such as snails consequently affected feeding 

habit of insectivorous birds, thus their population declined 

also because of requirement of Ca by breeding females 

[65]. It causes habitat loss of several herbivores in turn 

other animals that are dependent on them [66]. As soil 

pollution negatively affects vegetation thus causes 

migration of birds in search of food and shelter [67]. 

Toxins, pollutants, bacteria etc. have caused death of heaps 

of birds (29 species) at Sambhar lake, Union Environment 

Ministry found it the worst death in ecosystem [68]. A 

decade ago, DDT had been reported to pollute soil and 

cause decline in population of birds such as ospreys and 

brown pelicans by destroying their eggs, in 1970s most 

developed nations prohibited utilization of DDT. Effect of 

long-term pollution has been studied on breeding-bird’s 

density, species diversity and biomass by Eeva et. al., [69] 

who reported smelters based on metals pose danger on local 

breeding bird populations. They reported, Russian copper 

smelters caused a 40 % decline in bird densities in Reveda 

concluding, species diversity, species number also 

decreased near pollution source.  

 Mitra et. al., [70] reported, exposure to specific 

pesticides blocked singing capacity, making it hard to 

attract mates and reproduce in winged creatures. Pesticides 

likewise influence bird’s capacity to care for their posterity 

causing their young ones to die. Effect of tiny levels of 

pesticides result in sublethal impacts, affecting versatility, 

taking care of feeding practices, and route in honey bees. 

Mnif et. al., [71] studied on the numerous deformations in 

wildlife found after introduction to hormone-mirroring 

pesticides delegated as endocrine disruptors. Effect of 

persistent harmful synthetic pollutants on the sea shores is 

seen in the food web which brought about an assortment of 

effects on wildlife around, their debilitated reproduction, 

reduced resistance from diseases, anemia, neurological 

harm, and birth weaknesses in offspring [72]. The effects of 

synthetic substances include androgynous deformations in 

frogs, pseudo-bisexual polar bears, panthers with decayed 

testicles, and intersex fish in waterways. Mitra et. al., [70] 

found that aimless utilization of engineered synthetic 

chemicals caused decrease of raptorial birds’ population 

across the world because of DDT like the peregrine bird of 

prey, the sparrow sell, and bald eagle.  

 Plastic pollution is an alarming issue worldwide  

due to rapidly increased plastic products. Plastic pollution 

is leading to death of 1 million sea-birds every year [73]. 

State of World’s birds 2018 have reported that 1 out of 8 

birds (13 % of existing species) have become prey of plastic 

as its small particles resemble food and akes hundreds of 

years to break it [74]. Millions of animals are killed by 

plastic every year from land-based animals such as cattle, 

camels, zebra, elephants, hyenas, tigers and other large 

mammals to turtles, seals, whales [75]. 

Soil pollution remediation technologies during 

current scenario 

Remediation of polluted soil is the need of the hour, since 

a large area is under constant pressure of getting polluted 

by enormous contaminants whether coming from industries 

of fertilizer or tanneries or leather etc. No single technique 

is sufficient for eradication of soil pollutants. New 

technologies are still being adopted in form of 

biotechnology or nanotechnology besides the traditional 

ways of soil remediation.  

 

Fig. 1. Various soil remediation strategies. 
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Thermal soil remediation 

Thermal soil remediation was used to eliminate the 

contamination from a former site of distribution center of 

new and second-hand cars operating since 1970. The site 

was contaminated with wax layer from new cars, solvents, 

mixture of 1.5% of petroleum and water. The 

contamination was found to be reduced upto 50% by the 

use of thermal process. “In-situ” remediation target the 

source of pollution, engineered nano-materials (ENMs) 

facilitate thermal in-situ remediation of chlorinated VOCs. 

[76]. This process includes heating of contaminated soil 

into the primary treatment unit (PTU) to evaporate the 

impurities (hydrocarbons) and water [77] (Fig. 1). These 

contaminated materials are kept at the temperatures of  

650 °F to 900 °F and are delivered from the PTU into a 

cooling unit, which is an auger wherein the water is added 

for cooling and dust control. At last, the treated material is 

discharged from the cooling unit which is now ready for 

testing and further recycling [78].  

Air sparging 

In this technique, large volumes of air are injected into a 

polluted soil which forces the organic pollutant outwards in 

the form of vapour where the vapour is treated by carbon 

filtering [79] (Fig. 1). The time of the treatment varies from 

factor to factor including depth of the hydrocarbon 

pollution, degree of contamination, pH and permeability of 

the soil [80].   

 This remediation was started in October 1988 due to 

leakage of estimated 2 million gallons of gasoline, fuel oil, 

and kerosene in 1987 at Amoco Corporation operating liquid 

petroleum product pipeline along Constantine site by 

groundwater pump treat system consisting of 4 extraction 

wells and granular activated carbon (GAC) vessels. It 

recovered free product and treated the contaminated site. 

Later on, in-situ air sparging of the saturated zone was 

subsequently added in February 1994. It is reported that GAC 

had recovered around 118,000 lbs of free product and 

reduced the observed apparent thickness of the free product 

layer to 95% of the time through December 1993 [81]. 

Encapsulation 

Encapsulation does not filter contaminants from soil so much 

as it separates them. One of the most common ways among 

several methods includes mixing the polluted soil with lime, 

cement, and concrete leading to preventing the contaminants 

from spreading to clean soil (Fig. 1). However, this method 

impedes using the soil for cultivation [82]. 

 In Nigeria two locations of the same climate zone with 

a mean daily temperature of 280 ˚C were selected for 

investigation named Shell Petroleum Development 

Company (East) fields located in Agbada and the Port 

Harcourt Refinery Company located in Alesa-Eleme. The 

micro-encapsulation process was applied to eliminate the 

mobility and toxicity of contaminants with aim to reduce 

the impact of these contaminants on the environment and 

human health. Considerable reduction in the value of anions 

such as (SO4
2-, NO3

- and PO4
3-) and metals (Zn, Cr, Ni, Cd, 

Cu and Pb) has been found [83]. 

Bioremediation 

This technique is widely accepted among various soil 

remediation techniques as it involves the treatment with 

various biological agents [84] (Table 1a). A particular 

bacterium is targeted at the site to break down hydrocarbons 

such as petroleum or fuel residues present in the soil [84]. 

This process comes with a lot of advantage for example 

when these microbes consume the toxic residues they are 

killed themselves since the temperature of the soil is nearly 

70 ˚F. During cold climatic conditions soil is properly 

covered and insulated with microbes [3]. The time taken to 

completely remediate the contaminated site depends on the 

prevailing climatic conditions i.e., the colder the climate the 

longer the clean-up time. Extremophiles, microorganisms 

with ability to dwell in extreme harsh habitats with robust 

enzymatic and biocatalytic systems possess the potential 

for bioremediation of xenobiotic compounds in extreme 

environments [85] Fig. 1.  

Table 1a. Role of different microorganisms in remediation of 
contaminated sites. 

Microrganisms used 

in remediation 

Remediation of compounds  References 

Penicillium 

chrysogenum 

Hydrocarbons, benzene, 

toluene etc. 

[108] 

Pseudomonas putida Petrol, diesel, polycyclic 

aromatic hydrocarbons 

[109, 110] 

P.veronii Polycyclic hydrocarbons [109, 110] 

Achromobacter Diesel [109, 110] 

Flavobacterium Petrol, diesel, polycyclic 

aromatic hydrocarbons. 

[109, 110] 

Acenatobacter Polycyclic hydrocarbons [109, 110] 

Pseudomonas putida Benzene and xylene [76] 

Aspergillus niger Hydrocarbon and its 

compounds   

[83] 

Cyanobacteria  Naphthalene  [111, 112] 

Bacillus subtilis Phenol  [113] 

Citrobacter Ni [114] 

Cyberlindnera sp. and 

Candida tropicalis 
Cr [115, 116]  

Neurospora crassa Cd [117] 

Bacillus subtilis Cr, Cu, Zn [118] 

Acidithiobacillus 

thiooxidans 

Cr, Cu, Pb and Zn [119] 

Z-90 strain of 

Burkholderia sp. 

Mn, Zn, Cd [120] 

Bacillus thuringiensis 

OSM29 

Cd, Cr, Cu, Pb, Ni [121] 

Verticillium 

insectorum 
Pb, Zn [122] 

Bacillus cereus Mn [123] 

Cupriavidus necator, 
Sphingomonas sp. and 

Curtobacterium 

Cd 

 

[124] 

Macrophomina 

phaseolina and 

Rhizopus stolonifier 

Pb, Cd, Cu, Zn [125] 
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 Phytoremediation is a method of bioremediation 

facilitated by the use of plants and considered to be cost-

effective and less ecologically invasive than conventional 

civil engineering techniques [86]. Several mechanisms  

are involved in this technique like phytoextraction, 

phytostabilization, phytovolatilization, and phyto-

degradation [87]. This technique has been developed to 

target both organic contaminants and PTEs [88] and is 

primarily deployed with the aim to modify and minimize the 

labile pool of PTEs or degrading organic contaminants. It 

provides a range of benefits in terms of risk management and 

low input cost by the selection of certain suitable plants. It 

also helps in utilisation of remediated sites, carbon 

sequestration, increased aesthetic value, conservation of the 

biodiversity, recovery of important metal and metalloids and 

enhanced production of biomass [89]. 

Role of biotechnology in soil remediation 

Several microbes such as Clostridium sp. DC-1, KYT-1, 

Dehalobacter and Nitrosomonas, Pseudomonas have been 

reported to carry out reductive dichlorination and aerobic 

degradation of trichloroethylene (TCE), respectively [90]. 

Biotechnology is used to create transgenic plants and 

micro-organisms which can serve to degrade toxic soil 

pollutants. Recombinant microorganisms are effective to 

remove heavy metals from soil than compared to 

indigenous microbes [91] (Fig. 1). Through the insertion of 

genes many recombinant organisms have been designed for 

removal of chemical pollutants such as n-alkane, aromatic 

hydrocarbons and polycyclic aromatic hydrocarbons from 

soil [92]. 1,2,4,5- tetrachlorobenzene and benzene are 

dehalogenated and dioxygenated by a genetically modified 

E. coli due to the activity of enzymes like TecA 

chlorobenzene dioxygenase and TodCBA toluene 

dioxygenase respectively [93]. 

 The spMR68 plasmid a new strain of Pseudomonas is 

highly resistant to mercuric soil [94]. Many recombinant 

strains such as E. coli strain M109, P. putida, Deinococcus 

geothemalis, Cupriavidus metallidurans are employed to 

remove heavy metals and thus remediate soil (Table 1b). 

Plants have been engineered by over expression of certain 

genes such as GSH levels, citrate synthase which make 

them tolerant towards heavy metals viz., Cd, Al, etc. [95] 

(Table 2). Enzymes play a very important role in the 

biodegradation of pollutants, thus transcription, translation 

of enzymes when improved helps in better degradation. 

Through genetic engineering a hybrid cluster of genes is 

produced, a genetically modified E. coli with genes such as 

toluene metabolic (tod) from P. putida F1 and the biphenyl 

metabolic (bph) operon from P. pseudoalcaligenes KF707 

were found to be faster in degrading TCE than wild type 

toluene dioxygenase (todC1C2BA) or the original biphenyl 

dioxygenase genes (bphA1A2A3A4) [96]. Similarly, 

insertion of genes in Pseudomonas sp. B13 have enabled it 

to degrade 4CB or 3,5-dichlorobenzoate (3,5DCB) when 

the inserted gene expressed isofunctional enzyme toluene 

1, 2-dioxygenase [97]. Biotechnologically improved plant 

strains share a distinguished feature of having high biomass 

and faster growth compared to phytoremediants [98]. 

Transgenic plants over expressing ATP sulfurylase (APS) 

showed around two to three times more Se and 1.5 times S 

accumulation than wild type plants [99]. Transgenic plants 

with pesticide toxicity tolerance are developed to 

effectively remove pesticides from the soil [98] since 

pesticides toxicity has become an ever-increasing problem 

in present time owing to its high usage to improve 

productivity but persist in soil [23]. Transgenic rice plants 

which together expressed human CYP1A1, CYP2B6, and 

CYP2C19 have shown increased tolerance towards several 

pesticides and better photosynthetic rate and growth in 

comparison to wild type plants [100], however, many 

hyperaccumulator species act as extractor of essential 

nutrients from the soil [101]. This presents a loop requiring 

future research concerning to systematic application of 

biotechnology in soil remediation.  

Table 1b. Biotechnologically improved strains involved in soil 

remediation. 

Recombinant 

microbes/plants 

Name of 

genes 

Remediation Ref. 

Eschericia coli 

strain M109  
Pseudomonas 

putida  

merA Hg uptake [126] 

Deinococcus 
geothemalis  

mer Hg [127] 

Pseudomonas 

putida S12 
 

pheA, pheB, 

pheC, pheD, 
pheR and 

ArsM  

As removal [128, 

129] 

Pseudomonas 
putida GPo1, 

Rhodococcus 

spp., 
Rhodococcus 

spp. alkB2, 

Acinetobacter 
spp. alkM 

alkB, alkB1, 
alkB2, alkM  

n-alkane degradation [89] 

P. putida xylE  Aromatic hydrocarbons 

degradation  

[89] 

P. putida, 

Mycobacterium 

sp. strain PYR-1 

ndoB, nidA polycyclic aromatic 

hydrocarbons 

degradation 

[89] 

Cupriavidus 

metallidurans 

strain MSR33  

merB and 

merG  

Hg degradation [127] 

Arabidopsis sp.  

Brassica juncea  

AtPCS1  

 

Arsenate, Cd tolerance [130] 

Tobacco OsCS1  Al tolerance [131] 

Pseudomonas 
stutzeri OX1 

ToMO Tetrachloroethylene de
gradation 

[132] 

Rhodococcus 

strain RHA1  

bphC and 

etbC  

Biphenyl or 

ethylbenzene  

[133] 

 
Tobacco, 

Arabidopsis, and 

Alfalfa 

atzA 

 

 Tolerance to atrazine 

 

[134] 

Poplar mammalian 

CYP2B6 and 

PON1 

Chlorpyrifos  

 

[95] 

Transgenic 

tobacco, poplar  

 

mammalian 

cytochrome 

P450 CYP2E1  

Trichloroethanol 

 

[135,

136] 
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Table 2. Application of nanomaterials in soil remediation.  

NPs Target Pollutant Major Source Application Ref. 

Heavy metal remediation 

Nanoscale Zero-valent 
Iron (nZVI) 

Cr(VI) Chemical factories and tannery waste 
seeping into soil 

Reduction of chromium from Cr(VI) to 
Cr(III) 

[137] 

nZVI 

 

 

As, Cr, Pb, Cd, Zn 

 

Lead batteries, pesticides, fertilizers, 

coal burning 

Decline in metal availability [138] 

Fe(II) phosphate NPs Pb(II) Paint, pesticide, smoking, automobile, 

emission, mining, and burning of coal 

Decrease in leachability and bio-

accessibility of soil-bound Pb(II) and 

Cu(II) 

[139] 

Nano-Fe/Ca/CaO  
 

 

As, Cd, and Pb Pesticides, fungicides, metal smelters Total immobilization of soil heavy metals 
As, Pb, and Cd 

[140] 
 

 

 
         

 

 
Kakeda

, M. 

(2013K
akeda, 

M. 

(2013 
 

 

 
 

 

 
 

Kakeda

, M. 
(2013 

S., & 

Kakeda

, M. 

(2013 

Water treatment 

residual NPs (nWTR)  

Hg, Cr Artisanal and Small Scale Mining Improved metal sorption for both Hg and 

Cr and noteworthy decline in their soil 

discharge 

[141] 

Pesticides remediation 

nZVI DDT Organochlorine insecticide, aged 

DDT 

Whole oxidation and boosted electron 

release leading to lessening of pesticide 

[143] 

Rhenium (Re+3)-

dopednano-TiO2 
 

Carbofuran 

 
 

Toxic carbamate pesticides, systemic 

insecticide 

Photocatalytic deprivation of the pesticide 

 

[144] 

CMC-stabilized nano-
Pd/Fe 

Pentachlorophenol 
(PCP) 

Pesticide and a disinfectant, 
antifouling paint, leather, masonry, 

wood preservation 

De-chlorination to phenol [145] 

Xanthan gum–

stabilized nano-Pd/Fe  

Polychlorinated 

biphenyls (PCBs) 

Dielectrics in transformers, coolants, 

hydraulic fluids. These seep into the 
soil.  

Solubilization of pesticide [146] 

Nanophytoremediation 

Fe NPs Cd in wheat Pesticides, fungicides, metal smelters Fall in Cd concentration and hostile 

effects, rise in plant growth, 
photosynthesis, antioxidant enzymes 

[147] 

Citrate-coated 

magnetite NPs,  

Cr(VI) in wheat, oat, 

sorghum 

Chemical factories and tannery waste 

seeping into soil 

Metal toxicity alleviation [148] 

TiO2 NPs  Pb in rice Paint, pesticide, smoking, automobile, 

Lead-acid batteries 

Fall in Pb bio accumulation in rice tissues 

but gathering of NPs in rice roots 

[149] 

Fullerene  Trichloroethylene in 

Cottonwood 

Industrial solvent Raised TCE concentration in plant tissues [150] 

MWCNT  Chlordane and DDE 

in Lettuce 

Pesticide  The existence of CNT considerably 

influenced pesticide availability, 

Diminished the root and shoot pesticide 
content by 88% and 78%, respectively 

[151] 

Fe3O4 NPs 2,4-

Dichlorophenoxyace
ticacid (2,4-D) in 

Soil indigenous 

microbes 

Pesticides, fungicides Higher deterioration efficiency of 

herbicide with combined treatment 
compared with individual treatments 

[152] 

Ni/Fe 

bimetallic 

nanoparticles 

Polybrominated 

diphenyl ethers in 

Chinese 
cabbage 

Building materials, flame retardants 

and major plastics 

Lessening in translocation 

of PBDEs 

[153] 

Nano-enabled sensors in pesticide residue detection 

Au NP-coated Si 
nanowires  

Dichlorvos Insecticide  Improved enzymatic activity and 
amplified electron communication 

[154] 

AChE/RGO-Au nano 
composite  

Organophosphate 
and carbamate 

Insecticide Improved electrochemical response due to 
electron transfer reaction 

[155] 

Er-GRO-nafion 

nanocomposite  

Dichlorvos  Insecticide High sensitivity, good selectivity, low 

detection range 

[156] 

MWCNT-chitosan 

nanocomposites 

Methyl parathion 

 

Pesticide 

 
 

 

Combined electrochemical reduction of 

Ellman’s reagent (DTNB) with AChE 
inhibition 

[157] 

 
 

 

https://en.wikipedia.org/wiki/Carbamate
https://en.wikipedia.org/wiki/Pesticide
https://en.wikipedia.org/wiki/Systemic_insecticide
https://en.wikipedia.org/wiki/Systemic_insecticide


  

 

© IAAM Adv. Mater. Lett. 2021, 12(10), 2115698 [8 of 11] 

www.iaamonline.org https://aml.iaamonline.org 

Nanoremediation 

The expanding use of nanotechnology for ecological cleanup 

perhaps come from pressing need of an innovation that is 

cleaner, economical, effectively accessible, and practical 

while simultaneously faster in conveying results without 

extra weightage to the cleanup procedure as deposits and 

environmental persistence [102,103]. Few nanoparticles 

(NPs) widely used for soil remediation nowadays are 

illustrated in Table 2. NPs act as good absorbents [104] since 

they possess the quality of lower temperature modification, 

shorter interparticle diffusion distance and variable surface 

chemistry [105]. All these virtue makes NPs ideal catalysts 

for chemical reduction and removal of the concerned 

pollutants. Groundwater circulating well (GCW) technology 

with engineered nano-materials (ENM) is applied for in-situ 

treatment of hydrocarbon contaminated waste water [106]. 

Nanoscale Zero-Valent Iron (NZVI) can remove 1,1,2-

trichloroethane, effectively does Cr remediation by reducing 

Cr(VI) to Cr(III) [107]. Hence, these nanomaterials have 

garnered attention and are considered for soil remediation 

programs contaminated with pollutants like heavy metals, 

chlorinated organic solvents, organochlorine pesticides, 

polycyclic aromatic hydrocarbons (PAHs), and 

polychlorinated biphenyls (PCBs). 

 Polymers based NPs are largely used for the detection 

and removal of heavy metals; Mn, As, nitrate, Fe, gases like 

CO, SO2, NOx, organic pollutants and a wide range of 

bacteria, viruses and parasites etc. Other NPs such as 

amphiphilic polyurethane (APU) NPs remediate 

polynuclear aromatic hydrocarbons (PAHs) from 

contaminated soils. These NPs have hydrophilic surface 

which helps in mobility in the soil, whereas the 

hydrophobic interior renders affinity for the hydrophobic 

organic contaminants. The APU NPs are known to remove 

about 80% phenanthrene from contaminated aquifer sand 

[108]. 

 The NPs are also widely investigated for their role in 

degradation of pesticides and POPs. The degradation of 

pesticide pollutant is caused by photocatalysis. In this 

method, NPs act as a catalyst in the presence of light and 

undergoes a series of reaction with pesticides and POPs and 

converts toxic chemicals into simpler and harmless 

molecules such as CO2, N2 and H2O. Among various 

nanophotocatalysts nanoscale TiO2 and ZnO are designated 

as good photocatalysts [109] used in contaminated soil. 

 Nanophytoremediation includes the use of 

nanotechnology as well as phytotechnology for cleaning 

soil contaminated with pollutants. Recently many plant 

species such as tomato, poplar tree, sunflower, willow, 

chinese cabbage, sunbeam, and alfalfa are tested with 

positive response for phytoremediation of soils 

contaminated with pollutant [110]. The most widely studied 

nanomaterials used in phytoremediation are carbon-based 

nanomaterials, followed by metal and metal oxide 

nanomaterials [111]. However, carbon nanotubes are said 

to be excellent absorbents, due to their large specific 

surface area [112]. On the other hand fullerenes were found 

to enhance trichloroethylene (TCE) uptake in cottonwood 

(Populus eltoides). This showed that the integration of two 

distinct techniques (nanotechnology with phytoremediation 

and bioremediation) impacts in two-way i.e., the 

remediation of harmful pollutants from soil and also 

promotes growth of the plant. An information whole, 

however, exists in regard to the utilization of 

biosynthesized NPs for sustainable environmental 

applications. Researches are required to outline the 

possibilities of biosynthesized NPs for the remediation of 

natural and inorganic contaminations. 

Conclusion 

Soil holds an important place in ecosystem as on it are 

dependent plants, birds, animals and mankind. With 

advancement in science and technology, the threats to soil 

have also increased because of disposal of contaminated 

wastes and depletion of natural resources. The global land 

is crowded by different kind of industries, major parts are 

affected by the heavy metals containing industrial effluents 

which get discharged into water bodies further used in 

irrigation of crop fields. In order to achieve the food 

security high application of pesticides resulted in soil 

pollution due to their persistent behaviour. Ultimately, this 

soil pollution affects the growth of soil’s essential micro-

flora, crop plants and mankind. Thus, several remediation 

strategies are being used to address the harmful effects of 

soil pollution on various components of ecosystem. The 

importance of modern techniques or approaches in 

improving the ability of microorganisms and plants to 

degrade or remove pollutants from the soil at a faster rate 

are emphasized. The study also suggest towards the 

application of nanoremediation in combination with phyto 

or bioremediation that not only remediates soil pollution 

but also improves the plant growth. It is further suggested 

to execute study in detail as every technique has its side 

effects. 
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