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THE human activities include the agricultural, industrial and other activities. The 
agricultural sector is considered the main source for our life’s supplies. However, 

the agricultural activities or practices might result many pollutants such as applied mineral 
fertilizers, pesticides, effluents from domestic and industrial sewages and vehicular emissions.
Therefore, a remediation to remove or decrease the pollutants in soil and water is needed for 
the environment protection. This remediation has several classic strategies several years ago, 
but a promising and new approaches have been established particularly nano-remediation. 
This nano-remediation depends on the applied nanomaterials in removing pollutants from 
soils and water through nano-bioremediation and nano-phytoremediation. The most important 
nanomaterials that have potential in removing pollutants from contaminated soils and water are 
nano-silica, nano-zero-valent of iron, nano-sized iron sulfide particles, nano-ZnO and others. 
However, many challenges or open questions are still needing a justification because using 
nanomaterials in higher concentrations are toxic to plants and agro-environment. Are these 
nanomaterials stable under environmental conditions or will be converted into toxic ones or 
still need to be identified for sustainable nano-remediation? Is there any possibility to enter the 
nanomaterials or other toxic compounds the food chain through these plants? Therefore, a lot 
of further research is needed concerning the nano-remediation in removal the agro-pollutants.
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1. Introduction                                                                                   

Agriculture is considered one of the most important 
human activities, which represents the main source 
for food, feed, fuel and fiber. This activity may 
result a lot of environmental problems particularly 
under the excessive use of pesticides and mineral 
fertilizers. Hence, the agricultural pollution may 
refer to different agricultural practices, which 

result in the degradation or pollution of the 
agroecosystems and cause a damage to the human 
health(Khan et al. 2020). Different sources of 
agro-pollution could be considered rangingfrom 
a single discharge point (point source pollution) 
to nonpoint source pollution (from more diffuse 
and landscape-level sources) as reported by Zazai 
et al. (2018).The main anthropogenic sources of 
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soil pollution with toxicmetal and/or metalloids 
include pesticides, fertilizers, effluents from 
sewage from domestic and industrial sources, 
industrial activities, and vehicular emissions 
(Souza et al. 2020). Several studies have been 
published concerning pollution of soil and water 
from different pesticides and/or mineral fertilizers 
(e.g., Gupta et al. 2018; Saratovskikh 2020; Tran 
et al. 2020). 

The remediation of polluted soils and water 
was and still one of the critical environmental 
issues, which means the removal of pollutants 
from soil and water using different strategies such 
as fungi ormyco-remediation (Butu et al. 2020), the 
cultivated plants by phytoremediation (Khan et al. 
2020), earthworms or vermi-remediation (Karimi 
et al. 2020; Lacalle et al. 2020; Zeb et al. 2020), 
or soil micro-organisms by bioremediation (Kalsi 
et al. 2020), or by using some biosorbent materials 
like biochar (Wang et al. 2021), fly ash and organic 
fertilizers (Hu et al. 2020), humic substances 
(Dong et al. 2021) and nanomaterials through 
green remediation (Yin et al. 2021) or combined 
remediation (Gu et al. 2020). Agricultural soil could 
be contaminated by several pollutants such as heavy 
metals (Hu et al. 2020), poly- and perfluoroalkyl 
substances (Bolan et al. 2021), and microplastics 
(Kumar et al. 2020a). This remediation could be 
achieved through different mechanisms such as 
phytoextraction (Yu et al. 2020), bioaugmentationand 
bio-stimulation (Lacalle et al. 2020),immobilization 
(Chen et al. 2020), biodegradation (Krohn et al. 2021), 
and vermi-accumulation, vermi-transformation and 
vermi-degradation in case of earthworms (Zeb    et 
al. 2020). 

Concerning the nanomaterials, already used in 
soil and water remediation, they may include nano-
phytoremediation (Srivastav et al. 2018; Romeh and 
Saber 2020), nano-bioremediation (Singh et al. 2020), 
nano-Fe3O4(Tran et al. 2020), nano-FeS coated humic 
acid complex (Tan et al. 2020), nano zero-valent 
iron (Gamallo et al. 2020), nano-hydroxyapatite 
(Liao and Yang 2020), nano zeolite (Liu et al. 
2020), nano zero-valent iron (Lv  et al. 2020; Peng 
et al. 2020), ZnO-nanoparticles (Ahmad et al. 2019), 
nano-TiO2 (Sundararaghavan et al. 2020), stabilized  
nanoparticles  (Sarkar et al. 2019; Cai   et al. 2020),  
and nano-silica (Moameri and Khalaki 2019; Cao et 
al. 2020; Wang et al. 2020b). 

Therefore, this review is an attempt to highlight 
the agricultural pollutants, its sources andits nano-
management using the common nanomaterials. 
The nano-remediation of agri-pollutants also 

will be evaluated through different remediation 
methods including nano-bioremediation and nano-
phytoremediation.

2. Agro-pollutants and their sources
Agricultural pollution is a global environmental 

concern, which is mainly caused by the application 
of many farming inputs (likepesticides and 
fertilizers) and many practices such asthe excessive 
tillage of the soil and runoff process. Agricultural 
pollutants may involve the excessive amounts 
of phosphate and nitrate, the inorganic toxicants 
like heavy metals and organic compounds like 
pesticides. These agro-pollutants pose a great threat 
tothe biological or eco-system because of their high 
toxicities. The agro-pollution has negative impacts 
on soils, water, and air because it is not a single 
stressor or static component (Khan et al. 2020). This 
agro-pollution also has an adverse impacton the 
surrounding environment compartments including 
all living organism such as microorganisms, plants, 
animals and humans. These adverse effects of agro-
pollution may include, but not limited to,the algal 
bloom due to eutrophication phenomena (Lin et al. 
2020), rashes and other skin problems, respiratory 
diseases and neurological disorders due to inhaling 
polluted air (Shigaki 2020), kidney, liver and 
stomach problems and cancer due to swimming 
and drinking of polluted water (Borah et al. 2020). 
The high levels of nitrates in drinking water could 
cause the blue baby syndromein infants, which is 
often fatal (Khan et al. 2020). Several studies have 
focused on the agro-pollutants and their sources 
such as Kumwimba et al. (2018), Venier et al. 
(2019), Ahamad et al. (2020), Lee et al. (2020), 
Madhav et al. (2020), Bhuiyan et al. (2021), Kim 
et al. (2021), Yang et al. (2021), and Xiao et al. 
(2021).

3. Nano-remediation of agro-pollutants
Due to the anthropogenic activities in agriculture 

sector, several compounds or pollutants have been 
proven to be harmful for the agro-ecosystems, which 
include the release fertilizers, pesticides, heavy 
metals, halogenated and phenolic compounds (Ken 
and Sinha 2020). Several remediation methods have 
been established for treating different pollutants or 
contaminants. The remediation processes have their 
own cons and pros. The sustainable technologies 
of environmental cleanup have mainly a concern 
about two most important factors including eco-
toxicity and cost effectiveness. Different remediation 
methods could be handled including bioremediation, 
phytoremediation and nano-remediation. Due to their 
sustainable, economic nature and ecofriendly, the 
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nanomaterials-based adsorption and simultaneous 
redox degradation have become very popular to 
scientific community (Ken and Sinha, 2020).

3.1 Nano-bioremediation 
Based on the increasing rate inurbanization, 

industrialization and modernization, the universe 
has brought down unsustainable pollution load on 
its environment. The toxic pollutants have been 
increased with alarming level in the environment, 
which have deteriorated the environment quality, 
disturbed the ecosystem and adversely impacted 
human health (Singh et al. 2020a). Bioremediation 
could be defined according to the United States 
Environmental Protection Agency (USEPA) 
“treatment that uses naturally occurring organisms 
tobreak down hazardous substances into less toxic 
or nontoxic substances” (Singh et al. 2020a). 
Bioremediation could be achieved essentially using 
the microorganisms in remediation of the pollutants 
present in water and soil matrices (Saxena et al. 
2019; Halecký and Kozliak 2020). It is worth 
mention that different modern bioremediation 
approaches could be applied through using 
biosurfactants, emulsifiers, enzymes, biopesticides 
and Genetically Modified Organisms (GMOs) 
(Halecký and Kozliak, 2020). 

The benefits could be maximized through using 
both nanotechnology and bioremediation together 
to achieve a remediation, making the process more 
efficient, less time taking and environment friendly 
than the individual processes (Singh et al. 2020a). 
Therefore, nano-bioremediation (NBR) is one of 
such kind of methods, which exploits the benefits 
of nanomaterials together with advantages of 
bioremediation,received a lot of concern in the past 
few years. Nano-bioremediation could be defined 
as “NBR is the removal of environmental pollutants 
from contaminatedsites using nanoparticles formed 
by bacteria, algae, actinomycetes, fungi, andplants, 
by the help of nanotechnology” (Mallikarjunaiah et 
al. 2020). NBR is a method by which nanomaterials 
could use in removing different contaminants from 
environmental matrices with biological processes 
or selected microbial species (Semerád et al. 2020; 
Singh et al. 2020a; Shahi et al. 2021). Very recently, 
an increasing concern on nano-bioremediation has 
been reported by many researchers depending on 
the purpose of application as follows:
1- Čvančarová et al. (2020) studied the nano-
biosensors or nano-biocatalysts as nano-
bioremediation for rapid developing, detecting 
and monitoring different pollutants in the 
environmentthrough investigating the enzyme-

based nanomaterials in bioremediation process,
2- Gamallo et al. (2020) studies nano-based 
technologies for soil remediation through the 
application of nanomaterials during soil remediation, 
3- Kalia and Singh (2020) investigated the benefits 
of myco-remediation and its application of fungus-
nanoparticles bio-nanoconjugate to remediate the 
syntheticdye pollutants in wastewaters and land 
contaminated with the effluent of textile industries, 
4- Mallikarjunaiah et al. (2020) studied the 
application of nanotechnology in the heavy 
metals’bioremediation from wastewater,
5- Pandit et al. (2020) reported about the bio-nano 
approaches as sustainable and green treatment 
technology for textile effluent challenges, 
6- Omran (2021) handled the lethal impacts 
of industrialization via sustainable and green 
microbial removing of hazardous pollutants and 
the nano-bioremediation,
7- Semerád et al. (2020) presented the combined 
technology using both nano-remediation (nanoscale 
zero-valent iron) and bioremediation for in situ 
heavy metal (Cr, VI) removal and de-chlorination 
of chlorinated solvents,
8- Sinha et al. (2020) reported about the nano-
bioremediation technologies for potential 
application in the cleanup of the environment,
9- Singh et al. (2020a) studied the nano-
bioremediation and its applications, reducing 
the pollutant concentrations. This technique 
brings many benefits of both bioremediation and 
nanotechnology together to achieve a remediation 
in less time taking, more efficient and eco-friendly 
technique compared to the individual processes, 
10- Singh et al. (2020b) discussed the nano-
bioremediation as an emerging approach for a 
cleaner environment and the nanotechnology based 
alternative treatment strategies for efficient and 
sustainable bioremediation and biodegradation,
11- Sharma and Pandey (2020) reported about 
nano-sorbents-assistedmicrobial bioremediation 
of hazardous petroleumhydro carbons through 
various adsorbents and microbial products such as 
biosurfactant and catalytic enzymes asthe major 
contributions in the field of bioremediation of 
hazardous petroleum hydrocarbons,
12- Sudhakar et al. (2020) studied different 
nanomaterials and their engaged mechanisms for 
bioremediation for heavy metals removal from 
water and soil resources, 
13- Yogalakshmi et al. (2020) studied the current 
know-how of nanoparticles as a carrier for 
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several enzymes for the degradation of pollutants 
present in textile wastewater and the role of these 
nanoparticles in removing of dyes,
14- Agrawal and Verma (2021) reported about 
using nanoparticles in removing pollutants from 
soil and water, and 
15- Shahi et al. (2021) studied the nano-
bioremediation of environmental contaminants 
through its applications, challenges, and future 
prospects. The combination of nanotechnology 
with biotechnology is considered a promising 
approach for environmental remediation. 
Nanomaterials could be used directly or it could 
be used in combination with many microbes or 
microbial enzymes. 

3.2 Nano-phytoremediation
Phytoremediation could be defined as 

“a green technology in which plants namely 
hyperaccumulators and their associated microbes 
are used to remediate the contaminated site to 
safeguard the environment” as reported by Saxena 
et al. (2019). The phytoremediation process has 
many mechanisms by which plants could remove 
the pollutants from soil or water through the 
accumulation, translocation and degradation of the 
toxicants such as metals, pesticides, hydrocarbons, 
and chlorinated solvents (Kumar et al. 2020b). This 
process mainly includes five mechanisms including 
phytoextraction / phytoaccumulation, phyto - 
stabilization, phytodegradation , phytovolatilization, 
rhizo-filtrationand phyto-stimulation (Nasr 2019; 
Kanwar et al. 2020). The phytoremediation process 
also could be improved based on the partnership 
between plant and microbes, which has a great 
approach in removing several groups of pollutants 
from the different environmental matrix. This 
partnership is useful for both plants and microbes, 
where plants give shelter and nutrients/food to their 
adjacent endophytic and rhizospheric microbes. 
Meanwhile, the microbes, support plant growth 
by detoxifying and degrading the pollutants 
(Nwadinigwe and Ugwu 2018; Kumar et al. 
2020b). There are enormous reports present in the 
literatures that showed the utility of plants for the 
removal of different pollutants from contaminated 
locations (He et al. 2019; Nasr 2019; Mishra et al. 
2019; Kanwar et al. 2020; Lee et al. 2020; Yang et 
al. 2020; Yu et al. 2020; Raj and Maiti 2021; Verma 
and Rawat, 2021). 

It is well known that, nanoparticles exhibit a 
number of special properties such as small enough 
to generate quantum effects, high surfaceto-
volume ratio, and unique physico-chemical 

properties, which explain why nanoparticles are 
getting an increasing interest in several fields of 
science, cosmetics, engineering, drug delivery, 
pharmaceuticals, and also in environmental 
remediation (Kumar et al. 2020b; Puthukkara et 
al. 2020). Under the umbrella of environmental 
remediation, several types of nanoparticles such 
as metals (Fe, Ni, Pd, Zn, etc.), metal oxides (TiO2, 
Fe2O3, Fe3O4, MnO2, ZnO, etc.) and bi-metallic 
(Cu/Ni, Fe/Ag,Pd/Fe, etc.) nanoparticles have been 
used successfully for the degradation/removal of 
wide array of different pollutants. Concerning the 
mechanism of nano-particle-mediated remediation, 
it generally could happen through the following 
processes reduction/oxidation, ab/adsorption, catalytic 
degradation, precipitation, and co-precipitation (Wang 
et al. 2019a). It is well known also that, the cleanup 
process of pollutants is called as remediation, called 
a bioremediation or phytoremediation if a biological 
agent or plant species is involved in the removal of 
the pollutant/s, respectively. The integration of either 
of these previous methods with nanotechnology has 
been proved as an effective alternative to the existing 
traditional methods of remediation, which then called 
nano-bioremediation and nano-phytoremediation 
(Nwadinigwe and Ugwu 2018; Srivastav et al. 2018; 
Khan et al. 2020; Ebrahimbabaie et al. 2020). The 
potential of nanoparticles used for phytoremediation 
may be characterized with the following items: (1) 
enhancing the phytoremediation process itself, (2) 
increasing the germination, seedling, root-shoot 
elongation, plant height and its biomass, (3) increasing 
phyto-hormones (e.g., abscisic acid, indole acetic acid 
and gibberellin) or enzymes production in plant, (4) 
increasing the nutrients bioavailability for plants, 
and (5) capability to bind pollutants as well as these 
nanoparticles should be non-toxic materials (Kumar 
et al. 2020b). 

Although plants may excrete toxic matter, 
there is a chance of nanomaterials to enter the food 
chain through these plants. The major challenge 
facing the nano-phytoremediation process is how 
to dispose the accumulated of heavy metals in 
plants, as they are considered toxic wastes (Verma 
et al. 2021). Several studies have been published 
on nano-phytoremediation to focus on different 
case studies of remediation including the following 
investigations:
1- Nano-phytoremediation is a combined 
technology between phytotechnology and 
nanotechnology for remediation of polluted 
environments. These combined techniques could 
allow pollutants to be degraded quickly and 
effectively under natural environmental conditions 
(Jesitha and Harikumar 2018), 
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2- The applications of nano-phytoremediation have 
reported, which has many environmental benefits, 
and could be divided into three categories including 
remediation and treatment, sensing and detection 
and pollution prevention (Nwadinigwe and Ugwu 
2018), 
3- Nano-phytoremediation and its application for 
water pollution (Bhati and Rai, 2018) and soil 
environment (Srivastav et al. 2018), 
4- This investigation studied a combination of 
remediation techniques on polluted soil with 
heavy metals (Cu, Cd and Pb) including the 
phytoremediation using white willow (Salix alba 
L.), and soil amendment with nano-sized zero-
valent iron and rhizosphere microorganisms 
including the arbuscular mycorrhizal fungus, 
Rhizophagus irregularis and Pseudomonas 
fluorescens (Mokarram-Kashtiban et al. 2019), 
5- The role of nano-hydroxyapatite in 
immobilization of Pb in the ryegrass rhizosphere 
soil, which contaminated with Pb (1200 mg kg-1) 
by changing the rhizosphere pH to the acid-soluble 
and reducible Pb concentrations (Liang et al. 2019),
6- Nanobiotechnology approach could be used in 
remediation the environmental hazards generated 
from industrial wastes. The future application 
of nanoparticles-linked bioremediation may 
include the application of engineered polymeric 
nanoparticles and single-enzyme nanoparticles 
inpollution of soils and hydrophobic contaminants 
in water, respectively (Gudeppu et al. 2019), 
7- Study the phytoremediation of engineered 
nanoparticles (ENPs) using aquatic plants through 
their mechanisms and practical feasibility, the 
common types of ENPs in current use, their 
transformations in aquatic systems, the potential 
of micro-organisms in supporting plant growth 
and promoting plant uptake as well asthe recent 
findings in phytoremediation of ENP-affected 
water (Ebrahimbabaie et al. 2020),
8- Using Erigeron annuus (L.) Pers. plants 
combined with Triton X-100 (1000 mg kg−1) and 
nano-SiO2 (500 mg kg−1) were investigated to 
remove polycyclic aromatic hydrocarbons (PAHs) 
from soil. This study demonstrated that Triton 
X-100 combined with nano-SiO2 could protect 
cultivated plants through alleviating the stress of 
PAHs, and could provide a means for improving 
phytoremediation of the PAH polluted soils (Zuo 
et al. 2020),
9- The co-application of plant growth-promoting 
bacteria (PGPR) and nano-scale zero-valent iron 
(up to 1000 mg kg-1) to promote phytoremediation 

of antimony polluted soil was investigated by 
Trifolium repens plants, where the combined use of 
plant in accompany with nanomaterials of iron and 
PGPR have recorded a great impact in removing of 
antimony from soil (Zand et al. 2020), 
10- Combining classic methodologies of applied 
nanomaterials for soil remediation with the 
new approach of the techniques to improve the 
efficiency of remediation and using one technique 
for remediating more than one pollutant (Souza et 
al. 2020), 
11- A combined usage of nano zero valent iron and 
black mangrove (Avicennia germinans), could be 
implemented for the remediation a contaminated 
wetland soils with Cd, Pb and As. This phyto-nano-
remediation process was evaluated for a period of 5 
months using contaminated soil from Puerto Rico 
(Soto-Hidalgo et al. 2020), and 
12- A comprehensive chapter discussed the role 
of nanoparticle-mediated phytoremediation, 
emphasizing on the role of nanoparticles in protecting 
plants from the oxidative stress and mimic enzymes 
(e.g., peroxidase and catalase). Due to someplants 
could not show any response to phytoremediation 
under normal growth conditions, but they could be 
capacitated for remediation by manipulating their 
biochemistry using nanoparticles (Verma et al. 2021). 

4. Applications of nano-remediation
The remediation of soil and water based on 

the nanomaterials through the plants (phyto-
nano-remediation) or the biological agents (nano-
bioremediation) may depend on different factors 
including depth of  pollution and the kind of 
pollutants, pH, temperature, soil or water properties, 
and metal or pollutant species. The nano-remediation 
is a remediation method in which nanomaterials could 
be included in presence of plants or biological agents.
Therefore, there is a need for a complete knowledge 
of plant physiology, biochemistry and degradation 
of pollutants as well as a suitable assessment 
of probable collaborative impacts (Verma et al. 
2021). As nanomaterials has applied to almost all 
fundamental disciplines including agriculture (Attia 
and Elsheery 2020), medicine (Saxena et al. 2020), 
and food technology (Thangadurai et al. 2020), 
nanomaterials also have been used in environmental 
remediation (Guerra et al. 2018; Das et al. 2019; Ken 
and Sinha 2020; Mallikarjunaiah et al. 2020; Qian 
et al. 2020; Agrawal and Verma, 2021; Trivedia and 
Bergi, 2021). The nanotechnology could be used 
for in situ remediation of polluted soils through the 
following mechanisms immobilization, Fenton and 
Fenton-like oxidation, photocatalytic degradation, 
reduction reaction and various combinations (Qian 
et al. 2020).
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Concerning the applications of nanoparticles in 
environmental remediation, researchers have shown 
great concern in the utilization of nanotechnology 
in environmental remediation. There is a crucial 
importance for using the green synthesis of 
nanoparticles in this remediation due to itsability to 
provide a clean, environment friendly method, non-
toxic and producing nanoparticles by eliminating 
toxic by-products and toxic precursors as well as 
it actsas an effective and sustainable technique 
for environmental remediation (Das et al. 2019). 
In general, the most important applications of 
nanomaterials in remediation may include detecting 
and removing heavy metals from soil and water, 
degradation of dyes in the industrial wastewater, 
and degradation and removing hydrocarbons (Das 
et al. 2019). Guerra et al. (2018) classified the 
nanomaterials used for environmental remediation 
into three main categories to include inorganic 
(metal and metal oxide-based nanomaterials like 
Ag-NPs, TiO2-NPs, iron-based nanoparticles), 
carbon-based (fullerene C60, fullerene C540, 
graphene, single-walled nanotubes and multi-
walled nanotubes), polymeric-based materials 
(e.g., amphiphilic polyurethane NPs, polyamine-
modified cellulose and polymer nanocomposites) 
and silica nanomaterials or silica-graphene porous 
nanocomposites (Thakkar and Malfatti, 2021).
Important nanomaterials used in soil and water 
remediation include nano-silica (Jeelani et al. 2020) 
and zero-valent iron nanoparticles (Galdames et al. 
2020).

4.1 Nano-silica 
Silica nanoparticles or nano-silica (SiO2-

NPs) have become one of the most important 
nanoparticles, already used as nano-structuring, 

optical imaging agents and drug delivery as well 
as in environment cleanup due to its immensely 
stable and less toxic (Jeelani et al. 2020). Silica 
nanoparticles also have been applied for the 
environmental remediation from pollutants like 
to reduce the radioactive compounds and heavy 
metals into soil and water, removing of non-
metals,metalsand radioactive elements as well 
as water purification (Jeelani et al. 2020). In an 
incubation Lab experiment, surface-modified 
nano-silica was used tostabilize Cd in polluted 
soils, and the maximum stabilization efficiency of 
Cd reached 91.21% under control both of moisture 
of soil and particle size (Wang et al. 2020a). A 
field experiment was carried out using surface-
modified nano-silicato stabilize a Cd polluted soil 
under field conditions, which at applied rate of 1% 
reduced the Cd contents in maize and wheatgrains 
42.87% and 47.95%, respectively (Wang et al. 
2020a). Nano-silica could be used as a new type 
of silicon fertilizer and as a carrier material, 
which has good environmental compatibility with 
soil. Nano-silica could increase the rice yield as 
fertilizer, but it has a poor adsorption capability 
towards the heavy metal ions in soils. Therefore, 
some researchers graft silane coupling agent 
onto the surface of silica to increase the ability 
of adsorption towards heavy metals (Cao et al. 
2020). Some case studies for phyto- and bio-nano-
remediation of nano-silica are listed in Table 1.

4.2 Nano-zero-valent iron 
The nano-zero-valent of some metals could be 

used in removing pollutants from soil and water 
such as thallium (Tl) removal by nano-zero-valent 
Mn (Li et al. 2020), lead (Pb) by nano-zero-valent 
Sn (Mahmoud and Abdelwahab 2021), antibiotics 

TABLE 1. Some studies on the role of nano-silica in removingpollutants from soil and water

Plant species Experiment type Pollutants Nanomaterials Reference

------- Farm soil As, Cd and Pb 
in soil Ferroussulfate-modified nano-silica Cao et al. (2020)

Maize and wheat Field experiment Cd in soil Surface-modified nano-silica Wang et al. 
(2020a)

Wheat-maize rotation 
for 3 years Field experiment Cd in soil Mercapto-functionalized nano-silica Wang et al. 

(2020b)

--------- Lab experiment Cd in soil Surface-modified nano-silica Wang et al. 
(2020c)

Mountain rye or 
secale Pot experiment Pb and Cd in 

soil
Nano-silicaand municipal solid waste 
compost

Moameri and 
Khalaki (2019)

--------- Lab experiment Ni in agri-
wastewater

Nano-silica synthesized from barley 
and wheatgrass

Akhayere et al. 
(2019)

Wheat seedling Pot experiment Cd in soil Mercapto-functionalized nano-silica Wang et al. 
(2019b)
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by nano-zero-valent tungsten (Ye et al. 2020), 
antibiotic sulfamethazine by nanosized zero-
valent copper (Zhang et al. 2020) and uranium 
(U-VI) by nano zero-valent iron (Zhang et al. 
2021). The nano-zero-valent iron (nZVI) or iron 
nanoparticles is a promising remediator material 
could be used in environmental remediation. Iron 
nanoparticles are a type of iron-based materials 
have distinguished characterization including 
low toxicity, high iron source availability, high 
reactivity and attractive magnetic properties 
(magnetic adsorbents), which may support the 
adsorption through remediation (Fig. 1). The 
nZVI also could achieve both the adsorption of 
pollutants and reduction or oxidation through the 
induction of reactive oxygen species generated 
in aqueous solution. These nanoparticles also 
have been successfully applied to remove various 
pollutants including heavy metal ions (Xu et al. 
2019; Soto-Hidalgo et al. 2020), dyes and textile 
compounds (Puthukkara et al. 2020) and organic 
compounds (Peng et al. 2020). Some case studies 
for phyto- and bio-nano-remediation of nano-
zero-valent of iron are listed in Table 2.

Therefore, the most critical points regarding 
the pollution of soil and water resources, which is 
considered one of the most serious obstacles facing 
all countries worldwide. Many environmental 
risks could be noticed, which needed mitigating 
through many remediation methods to remove 
or degrade different contaminants in soil and 
groundwater, including the phyto- and bio-nano-
remediation. In this context, it could present 
a case study for air pollution and cultivation of 
banana in Egypt. The source of air pollution was 
red brick factory, whose pollutants injured plant 
leaves (brown spot on banana leaves) after fall 
down the dew drops in the morning (Fig. 2). 
This story may include some other sides, which 
interact with pollution (salinity of irrigation water 
and calcium deficiency). The source of irrigation 
water is groundwater from wells at depth around 
100 m; its salinity increased year by year causing 
a lot of problems for cultivated plants in this area 
(Fig. 3 and 4). 

Fig. 1. Production of nano zero-valent iron (nZVI) by the reductive precipitation process using borohydride as a 
reducing agent, neon gas was used to keep the reductive environment. Precipitated nZVI was dried at 50 
C° then kept under a thin layer of ethanol to prevent oxidation
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TABLE 2. Some studies on the role of nano-zero-valent iron in removing pollutants

Plant species Experiment type Pollutants Nanomaterials Reference

----------------- Batch experiment Organic contami-
nants

Porous silicate supported 
micro-nano zero-valent 
iron

Gao et al. (2021)

---------------- Batch experiment Cr(VI) in water Zero-valent iron nanopar-
ticles Wu et al. (2021)

----------------- Batch experiments Chlorophenol 
and Cr(VI)

Modified nanoscalezero-
valent iron Xie et al. (2021)

---------------- Batch sorption 
experiments

U-VI in sewage 
water

Activated biochar-loaded 
nano zero-valent iron

Zhang et al. 
(2021)

Seeds of watercress (Nas-
turtium officinale) 

batch experiment, 
petri dishes As-polluted soils Zero-valent iron and goe-

thite nanoparticles
Baragaňo et al. 
(2020)

Rice (Oryza sativa) 
seedlings Pot experiment Cd in soil Nanoscalezero-valent iron Guha et al. 

(2020)

------------------- Lab work in a bal-
loon flask

Organic As- pol-
lutants

SiO2-coated nano-zero-
valent iron Lv et al. (2020)

------------------- Batch experiment As(III)
Nanoscalezero-valent iron- 
encapsulated in porous 
zeolite-TiO2

Madan et al. 
(2020) 

---------------- Granulation experi-
ment Cr(VI) in soil

Nanoscalezero-valent 
iron supported on vinegar 
residue

Pei et al. (2020)

Blackmangrove (Avicen-
nia germinans)

Lab system for 
remediation

As, Cd and Pb 
in soil Nano-zero-valent iron Soto-Hidalgo et 

al. (2020)

----------------- Batch experiment Cr(VI) in waste-
water

Nano zero-valentiron/car-
bon/alginate composite gel Wen et al. (2020)

Rice (Oryza sativa) 
seedlings

Batch experiment, 
petri dishes Cr(VI)

Polyethyleneglycol-
stabilized nano zero-valent 
iron supported by biochar

Wu et al. (2020)

------------------- Lab system for 
reclaimed water

Fluorogluco-
corticoids 

Nanozero-valent iron-
modified biochar

Xiang et al. 
(2020)

------------------- Batch experiment
Iodinated 
contrast media 
diatrizoate

Sulfidemodified nano-sized 
zero-valent iron

Zhou et al. 
(2020)

------------------ Column flushing 
technique Diesel oil in soil Zero-valent iron and iron 

oxide nanoparticles
Karthick et al. 
(2019)

------------------ Pot experiment Cr in alkaline 
soil

Multiloadednano-zero-
valent iron Hou et al. (2019)

------------------ Column experiment Cr(VI) in 
groundwater

Dispersed-sodiumalginate 
nano-zero-valent iron Li et al. (2019)

Broadbean and (Brassica 
chinesis L.) Pot experiment Cd, Cr, and Pb 

in soil
Nano-zero-valent ironmod-
ified attapulgite clay Xu et al. (2019)

------------------- Batch experiments Cd in aqueous 
solution

Porousbiochar loaded with 
nano-zero-valent iron/
nano-a-hydroxy-iron oxide

Zhu et al. (2019)
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Fig. 2. Effect of smoke pollution resulted from red brick factory on banana growth:(A) normal field of banana, which 
far from pollution,(B) protected banana from pollution under greenhouse conditions,(C) the field of banana 
near or close to the source of pollution or the factory,(D) symptoms of pollution injury which represents in 
brown spot on banana leaves and(E) burning leaves and midrib or(F) burning margin of leaves.

Fig. 3. Growth and fruiting of banana as influenced by air pollution andwater excess: (A) normal yellow banana 
plant has excellent bunch and sucker,(B) pollution symptoms here may represent in abnormal sucker, 
which has crowded leaves in the top plant, (C) rot of yellow banana bunch before fruit ripening (D) red 
banana plant has normal flowers and (E) red banana plant has normal bunch, where (F) abnormal plant 
has little flowers in (G) rot of red banana bunch and (H) root rot for water excess
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Fig. 4. The impact of pollution on banana may include another side (i.e., salinity of irrigation water= 950 – 850 
mg l-1), where represent in salinity and calcium deficiency on banana growth (although Ca in soil is high 
content): (A) healthy banana plants in excellent field,(B) changes or water salinity symptoms onthe color of 
banana leaves,(C and D) burning the leaves from water salinity, but for calcium deficiency youngest leaves 
are torn (E and F),new leaves lost leaf blade (G) andbanana figures are short for calcium deficiency (H).

5. Conclusion                                                                      

To address the goals of increasing sustainable 
agriculture, the agro-pollutants should be remediated 
using different techniques or approaches. A wide 
range of these techniques could be employed 
in soil and water remediation, including the 
use of nanoparticles in phytoremediation and 
bioremediation. The combination of both 
bioremediation and nanotechnology, which produce 
thenano-phytoremediation and nano-bioremediation 
hasalso become popular in recent years. However, 
the new approaches within each of these technologies 
still also need to be explored in order to overcome the 
issues of eachexisting methodology. The methods of 
nano-bioremediation and nano-phytoremediation 
are still having several key challenges, such as 
the acceptable cost, biodegradability, nontoxicity, 
recyclability, high transformation/elimination 
capacity of the target compounds, ease of synthesis 
from a green chemistry perspective, and the potential 
for recovery after use or regeneration. There are 
several obstacles to overcome in implementing 
technology of nano-phytoremediation for the 
common usage for which science is constantly 

developing, refining, and making breakthroughs. 
The integrated nano-phytoremediation technology 
may hold great promises towards environmental 
remediation; however, uncertain fate of nanoparticles 
in the agroecosystems and toxicity towards non-
targeted species is not fully understood and yet to be 
explored further. Several open questions still needed 
to be investigated concerning the nano-remediation 
based on the characterization of contaminated soil or 
water environment, nature of nanomaterials and its 
concentration, nature and properties of contaminated 
site, beside the pH, temperature of environment.
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