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M

ANY global problems threaten our life on the Planet including climate changes,
environmental pollution, food and soil security, energy crisis, etc. This environmental
pollution has not only mainly serious risks and stress involving the human health and safety of
the entire ecosystem but also the quantity and quality of crops productivity worldwide. Due to
the great gap between the global food production and the global consumption, there is a crucial
need to cultivate these contaminated lands sooner or later. Therefore, the removing of pollutants
from soils and waters should be performed in frame of sustainable remediation and sustainable
energy production accordingly. Depending on many factors (source and kind of pollutants, land
use and the economics of water and soil resources, etc) many strategies should be addressed for
the sustainable and integrated management of polluted lands. Nanoremediation is a promising
strategy in controlling pollution and management. Three major applications of nanoremediation
could be characterized including detection of pollution using nanosensors, prevention of
pollution, purification and remediation of contamination. Further studies also concerning the
impact of changing climate on the nanoremediation process in the agroecosystems should be
considered. Thus, this review will focus on the evaluation of environmental nanoremediation
and its strategy in polluted lands under climate changes. Using of nanotechnology in pollution
control as well as the environmental pollution and its sustainable management also will be
highlighted.
Keywords: Environmental nanoremediation, Climate change, Pollution, Crop production,
Environmental stress.

* Corresponding author e-mail: ramady2000@gmail.com
DOI : 10.21608/jenvbs.2017.1550.1009

©2017 National Information and Documentaion Center (NIDOC)

110

HASSAN EL-RAMADY et al.

Introduction
Climate changes are a great challenge facing the
human kind as well as other living things. The
production of crops and other agricultural features
are extremely susceptible to changes in climate. So,
these global changes will be caused major shifts in
crop distribution due to climate changes in the future.
Moreover, it has been estimated that climate changes
are likely to reduce yields and/or damage crops in the
21st century in different parts of the world (Qiao et al.
2017). Therefore, the effects of climate changes on
agriculture include global warming (Salawitch et al.
2017), sea level rise (Cazenave et al. 2017; Jevrejeva
et al. 2017; Marzeion et al. 2017; Marcos et al. 2017),
melting of arctic ice (Copland et al. 2017; Matishov
et al. 2017; Pope et al. 2017) and frequent occurrence
of extreme events such as flooding and droughts
(Aslam et al. 2017; Chen et al. 2017; Debortoli et al.
2017; Jangra et al. 2017; Omambia et al. 2017; Nally
et al. 2017).
The polluted environments including water,
soil and air also could be considered an emerging
issue (Belal and El-Ramady 2016; Plekhanova
et al. 2017). These pollutants could be resulted
from different sources including traffic (Patton
et al. 2016; França et al. 2017), industrial
activities (Zheng and Shi 2017; Wang et al. 2017),
mining activities (Campos-Herrera et al. 2016;
Strzebońska et al. 2017) and agricultural activities
(Slabe-Erker et al. 2017; Shukla et al. 2017). The
polluted lands suffer from the high concentration
of toxic pollutants destroying the agroecosystems
(Stiborova et al. 2017; Saha et al. 2017a). This
toxic level of pollutants prevents the sustainable
management of these lands (Saha et al. 2017a;
Stiborova et al. 2017). So, an international
collaboration between different countries should
be established concerning the global pollution
(Günther and Hellmann 2017).
Removing of pollutants from soils and
waters could be linked with both the sustainable
remediation as well as sustainable energy
production (Kovacs and Szemmelveisz 2017;
Zheng and Shi 2017). Many strategies for the
sustainable and integrated management of
polluted lands should be addressed depending on
several factors e.g., type of pollutants and their
level, the purpose of land use after remediation,
soil characterization and its topography, climate
, cropping patterns and the availability of
resources and their economics (El-Ramady et al.
Env. Biodiv. Soil Security Vol.1 (2017)

2017; Saha et al. 2017a). Furthermore, a great
debate concerning using of lands for crop food
production (under growing global population)
or energy crop production was and still for ages
(Paschalidou et al. 2016). Therefore, a global and
holistic strategy in facing the main three threats
including hunger, lack of energy and pollution of
environment as well as climate changes should be
established (Paschalidou et al. 2016; Alshaal et al.
2017; Delev 2017).
Concerning environmental nanoremediation,
nanoparticles are the most important strategy
for the remediation of these contaminated
environments. This remediation for different
environments using nanoparticles/nanomaterials is
called nanoremediation (Kuppusamy et al. 2016;
El-Ramady et al. 2017). This nanoremediation
could be performed in the presence of
nanoparticles/ nanomaterials using plants or
phyto-nanoremediation (Shalaby et al. 2016;
Martínez-Fernández et al. 2017), microbes or
microbial nanoremediation (Patil et al. 2016; Davis
et al. 2017) or animal or zoonanoremediation
(Belal and El-Ramady 2016; El-Ramady et al.
2017). Therefore, there is an urgent need for the
environmental pollution control under a sustainable
management (Pandey et al. 2016; El-Ramady et al.
2017; Prashanthi et al. 2017). Several applications
of nanomaterials/nanoparticles have been used in
many sectors including sustainable crop production,
reduction of nutrient losses, suppression disease
and enhancement of crop yield (Shalaby et al.
2016; Davari et al. 2017; Kaphle et al. 2017). The
nanoremediation for sustainable crop production
in polluted lands should be managed in a proper
way before the expansion in such polluted lands
for the agricultural production (Patil et al. 2016;
El-Ramady et al. 2017). This currently resulted
from the difficulty in measuring the sustainability
of crop production in such polluted lands as well as
lack in evaluating techniques for the performance
of phytoremediation in frame of bioeconomy
(Shalaby et al. 2016; Mishra et al. 2017; Shivlata
and Satyanarayana 2017; Verma et al. 2017).
Therefore, the aim of this review was to
evaluate the environmental nanoremediation
under climate changes conditions and the
strategies of polluted lands for sustainable crop
production. Nanotechnology and its using in
pollution control, as well as the environmental
pollution and its sustainable management also
will be highlighted.

ENVIRONMENTAL NANOREMEDIATION UNDER CHANGING CLIMATE

Climate change: more than a global issue
Climate changes could be defined as the changes
in climate variables or elements (temperature,
precipitation, humidity, wind, pressure, etc), which
could be identified and its properties for a long period
or for decades or an even longer time scale (Najjar
et al. 2017). It is acceptable to define the climate as
the study of weather or climatic variables for a long
time (usually over a 30-year interval). The climate
and its changes have been investigated from many
fields including agriculture, water, soil, energy,
etc. The topic of climate change is considered
nowadays one of the hottest issues worldwide and
studies about it in ascending level. This concern
could be noticed from many published books
(more than 133 books), by Springer till August 14,
2017about the impact of climate changes on soil,
water and agriculture.
Concerning climate change and its effects on
soils, globally different soil and water resources
are at risk from loosing of access, degradation and
scarcity, which will lead to increase the pressure on
the global and environmental security. So, it is stated
by the President of the World Bank (Jim Yong Kim)
that “fights over water and food are going to be the
most significant direct impacts of climate change in
the next 5 to 10 years”. Furthermore, it should save
our soils to save our planet as stated by Australia’s
first National Advocate for Soil Health Jeffrey and
his colleague Achurch (2017). Concerning some
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climate change issues, McCarl (2017) is also stated
that, it could improve or maintain soil condition
and its health including (1) the direct and indirect
soil-related effects of extreme events, a warming
world and associated changes in precipitation and
other climate attributes, (2) soil-related effects of
actions to adapt to climate change and (3) soil-related
effects of climate change mitigation efforts in terms
of sequestration enhancement and more general
greenhouse gas emission control (Fig. 1 and 2).
From these previous publications, it is clear
that climate change is penetrated all our life.
Agriculture sector is considered the main source
of global food and water security. This sector
accounts for 24 % of greenhouse gas (GHG)
emissions (carbon dioxide, methane, nitrous
oxide). Therefore, the mitigation and adaptation
to climate changes may be reconciled in climatesmart agriculture proposals in these previous two
different responses (Torquebiau 2016). So, the
European Union has a great challenge about the
integration of agriculture into the frameworks
and strategies of global climate change mitigation
policy. This challenge includes (1) a reduction in
GHG emissions, (2) a wide need for technological
mitigation options, (3) the mitigation of climate
change should be at national and global level
and (4) the agriculture sector should contain
multilateral commitments to limit emission
leakage (Fellmann et al. 2017).

Fig. 1. Effect of low temperature (6 ±2 ᴼC) on growth of banana seedlings during January (2017) in greenhouse in
El Nubaria (Beheira Governorate, Egypt), where (A) normal growth and (B) abnormal plants with spear
shaped leaves, narrow blade, needle edges and pale color (Photos by Elmahrouk).
Env. Biodiv. Soil Security Vol.1 (2017)
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Fig. 2. Effect of low temperature (4 ±2 ᴼC) on growth of banana plants during January (2017) in open field in El
Nubaria (Beheira Governorate, Egypt), where (A) normal and healthy field, (B), (C) and (D) stages of
cooling effect caused vegetative burn (E) open field of mother banana plants burned and (F) open field
of the first generation of banana plants burned. This change in climate has been caused a loss by several
million dollars this year in Egypt for the farmers of banana (Photos by Elmahrouk).

Therefore, the impact of climate changes on
agriculture and food security should be addressed
to the global level. The relationship between
agriculture and climate change is complicated,
where the agricultural practices impact and
influence by climate changes. Nearly all
agricultural production and practices depend on
climatic elements and these practices could control
the global change in climate. The adaptation and
mitigation of the changes in climate should be
faced by both developed and developing countries
as well as there is no nation away from these
climate changes all over the world.
Environmental pollution and abiotic stress
Environmental pollution is considered one of
the most important global issues, which threatens
our life (Shankar and Shikha 2017). This global
threat is manifested day by day including soil,
water, air and ecosystem pollution (Figs. 3 and
4). These environmental pollutions could be
Env. Biodiv. Soil Security Vol.1 (2017)

considered as a source of abiotic stress on the
environment. Concerning the air pollution, it is
the major threat to human health as reported by
World Health Organization (WHO; Venkatesan
2016). Regarding soil and water pollution, they
are also a real threat for human health (Chen et
al. 2016a; Islam et al. 2017). Environmental
pollution includes different forms such as organic
and inorganic pollutants but the most important
and new types are electronic wastes (Awasthi
et al. 2016; Li et al. 2017) and nanoparticle or
nanomaterial pollutants (Li et al. 2016a; ElRamady et al. 2017). The common pollutants
include the heavy metals (Li et al. 2016b; Chen et
al. 2016b; da Silva et al. 2017), persistent of organic
pollutants (Wilson et al. 2016; Saha et al. 2017b),
environmental persistent of pharmaceutical
pollutants (Huber et al. 2016; Łukaszewicz et
al. 2017), polycyclic aromatic hydrocarbons
(Kenessov et al. 2016; Wei et al. 2017), volatile
organic compounds (Pantoja et al. 2016; Yu et al.
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2017) and environmental xenobiotics (Witczak
et al. 2016; Hashmi et al. 2017). Developing
and developed countries suffer from problems
resulting from environmental pollution. So, new
methodologies should be developed to detect
and monitor not only well known pollutants but
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also different new contaminants (Lodeiro et al.
2016; Hashmi et al. 2017). Different pollutants
should be removed from different environments
including soil, water, air and ecosystem within
various technologies of remediation.

Fig. 3. Effect of soil alkalinity (pH: 8.7) and salinity of irrigation water (2500 ppm) on growth and fruits of Citrus
sinensis in Wadi El-Natrun (Beheira Governorate, Egypt), where (A) normal plant, (B) fall leaves from the
end of new branches (C) some branches drop all their leaves and (D) all branches drop all their leaves. A
distinguished change in salinity of soil and water has been recorded due to changes in climate during last
few years causing a loss by several million dollars in Egypt (Photos by Elmahrouk).

Year by year and day by day, enormous
pollutants or xenobiotic compounds have
been increased in ecosystems considerably.
Environmental pollution nowadays is considered
a major human and environmental problem
(Noguera-Oviedo and Aga 2016; Hashmi et
al. 2017). This environmental pollution can be
defined as any discharge of material or energy into
natural resources (i.e., water, land, air, forest, etc)
causing or may cause acute (through short-term)

or chronic (through long-term) damage to the
universe (da Silva et al. 2017). Several sources of
pollution or many synthetic substances represent
these sources including (1) the natural activities
(geological erosion and saline seeps), (2) the
human activities (e.g., construction and mining),
(3) industrial activities, (4) agricultural activities
(e.g. fertilizers, pesticides) (5), acidic deposition,
(6) radioactive fallout, and (7) pharmaceuticals
(Adki et al. 2014).
Env. Biodiv. Soil Security Vol.1 (2017)
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Fig. 4. Effect of soil alkalinity stress (pH: 8.9) and salinity of irrigation water (2500 ppm) on the growth of mango
production in El-Khatatba (Minufiya Governorate, Egypt), where (A) normal plant, (B) burned the leave
edges by soil salinity and (C) pale yellow leaves caused by water salinity. A distinguished change in salinity
of soil and water has been recorded due to changes in climate during last few years causing a loss by
several million dollars in Egypt (Photos by Elmahrouk).

Concerning soil pollution, it is very important
to monitor and remediate different toxic
pollutants in soils because of the global food
safety (Kenessov et al. 2016; Saha et al. 2017c).
Due to the complexity and dynamics of soils, it
is represented as the sink and/or the source of
contaminants, which can be found in exchanging
with air, water and the biosphere (Kenessov et al.
2016). Hence, the soil properties can be used as a
good indicator for soil pollution such as soil basal
respiration (Romero-Freire et al. 2016), soil data
(Chen et al. 2016c), soil microbial communities
(Azarbad et al. 2016), etc (Saha et al. 2017d). In
order to quantify soil pollutants, four requirements
are necessary i.e., (1) estimation the spatial and
temporal trends of pollutant concentrations, (2)
development of the efficiency of the technology of
soil remediation, (3) determination the pollution
source and the soil map for polluted areas and (4)
verification that soil quality fulfills the standards
of safety (Kenessov et al. 2016; Saha et al. 2017c).
Env. Biodiv. Soil Security Vol.1 (2017)

It is well established that, the management of
natural resources (soil, water, air, forests, fisheries,
etc.) should be performed under the umberella
of sustainable utilization. Because these natural
resources are the main source for our life and
support this life with essential food, feed, fibre,
and fuel (Akhtar et al. 2016; Shalaby et al. 2016).
As mentioned above, the envoronmental pollution
is a serious problem and its managment should be
achieved under the umbrella of sustainability. This
management depends on the type of pollution and
its level. Therefore, soil, water and air pollution
should be managed in frame of the sustainability.
The best solution for sustainable pollution
management is to prevent this pollution first or
reducing or managing it (Ullwer et al. 2016).
Regarding the soil pollution management, it is a
great challenge and target several years ago for all
countries. Many practices have been performed
in dealing with this management depending on
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the type and level of pollution. Recently, many
best management practices in dealing with soil
pollution have been published including these
issues, the outdoor shooting ranges (Fayiga
and Saha 2016; Rodríguez-Seijo et al. 2016),
pesticides (Ouyang et al. 2016), cement plant
wastes (Cutillas-Barreiro et al. 2016), mining
and smelting (Lei et al. 2016), heavy metals
(Cutillas-Barreiro et al. 2016; Liao et al. 2016a)
and agricultural pollution (Babin et al. 2016;
Domínguez et al. 2016). Therefore, it could
be sustained soil in general through recycling
of nutrients, the cleaning of air and water, as
well as climatic cycles, where these previous
issues represent the fundamental factors in the
management of the natural resources as well
(Akhtar et al. 2016).
Therefore, soil pollution could be considered
an emerging threat to agriculture due to the
abiotic stress on plant or crop production (Saha
et al. 2017d). Environmental pollution varies
widely due to several complex interactions of
pollutants at both extracellular and intracellular
levels. Inorganic pollutants can reduce the
uptake of water and nutrient in rhizosphere
as well as reducing the rate of several nutrient
cycling processes and thus impacting on nutrient
use efficiency (Saha et al. 2017e). Several
impacts of soil pollution on agroecosystems
have been recorded including (1) losses of crop
productivity and crop diversity, (2) decline in
nutrient use efficiency, (3) reduce the quality of
food including vegetables, fruits and grains, (4)
contamination of food with toxic compounds like
heavy metals, (5) rejection of export consignment,
(6) increase soil hardness or compaction, (7)
decrease in available soil moisture content,
(8) waterlogging due to poor infiltration, and
(9) impacts on soil fertility parameters (Saha
et al. 2017e). The close relationship between
environmental pollution and abiotic stress has
been documented in several studies in field (e.g.,
Alshaal et al. 2017; Balakhnina and Nadezhkina
2017; Giron-Calva et al. 2017; Hasanuzzaman
et al. 2017) or in in vitro studies (e.g., Leung
2017). So, several publications have been issued
about the pollutants in the environment such as
arsenic (Gupta and Chatterjee 2017), cadmium
(Zaborowska et al. 2017), copper (Kashulina
2017), mercury (Sarkar et al. 2017), nickel
(Plekhanova et al. 2017) or trace elements
(Hasanuzzaman et al. 2017; Saha et al. 2017c;
Shankar and Shikha 2017).
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Therefore, it could be concluded that, natural
resources including soil, water, air and forests
are fundamental for maintaining environmental
sustainability
for
human
communities.
Sustainable development issues have significant
concerns in rural areas, particularly under
pressures of economic development, poverty
reduction and environmental protection. As well
known, all steps or technical analyses just suggest
any forward movement toward sustainable
development must be achieved, although there
is no definite agreement concerning sustainable
development. Sustainable management of soil,
water and air pollution is not easy issue but it
should be planned and this sustainability will be
only achieved by improving the use efficiency of
these natural resources. Environmental pollution
represents a great and serious threat facing the
environment due to the real stress on the natural
resources. Therefore, this threat should be faced
even in single and/or multiple pollutants. A
global collaboration among countries should be
established to overcome the common threats.
Environmental nanotechnology and pollution
control
Nanotechnology, which emerged in 1980s,
could be defined as a science of understanding
and controlling of matter at dimensions between 1
and 100 nm (National Nanotechnology Initiative
2009). This science has been played an important
role in addressing different effective and innovative
solutions to many different environmental challenges
(Patil et al. 2016; Centonze and Manacorda 2017;
Di Sia 2017; Singh 2017). Nanoremediation
also can help in lowering down the pollutants
and their generation in the environment. Three
major applications of nanoremediation could be
characterized including detection of pollution using
nanosensors, prevention of pollution, purification
and remediation of contamination (Kaur et al.
2017). Therefore, nanoremediation can be used in
developing cost-effective and specific methods in
remediation of soils, water, air and groundwater.
Several nanoparticles have been used successfully
in nanoremediation such as iron nanoparticles
(Fe0), ZnO and TiO2 nanoparticles, magnetic
nanoparticles, ferritin nanoparticles, polymeric
nanoparticles, and bioactive nanoparticles (Kaur
et al. 2017).
Therefore, a new branch is already emerged
calling environmental nanotechnology, which
deals in general with different remediation methods
Env. Biodiv. Soil Security Vol.1 (2017)
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using the application of nanoparticles. This reflects
the recent increasing efforts in using this branch
of nanotechnology in different environmental
sectors (Patil et al. 2016; Auty 2017; Iavicoli et
al. 2017). Due to the intensive urbanization and
human activities, pollution has become one of the
most important environmental challenges. So, the
environment will not suffer from new pollutants
resulting from different advanced technologies but
also the environmental ability for self remediation
will be decreased (Mehndiratta et al. 2013).
Therefore, an urgent need to find the suitable
solutions in order to reduce these pollutant levels.
Hence, nanotechnology is not only considered an
emerging solution for cleaning environment but
also for combating pollution through preventing
pollutants formation or reducing the release of
these pollutants (Mehndiratta et al. 2013; Kaur et
al. 2017).
On the other hand, remediation can be
defined as the science of reduction or removal
of pollutants in soil, sediments, air, water and
environments using physical, chemical and
biological methods. This remediation can be
achieved using nanoparticles or nanomaterials.
These nanoparticles have a several benefits owing
to their high surface area and small size. These
nanoparticles/ nanomaterials have a great diversity
in their types that can be used for the remediation
purpose including carbon nanotubes, dendrimers,
nanoscale zeolites, bimetallic particles, enzymes
and metal oxides (Mehndiratta et al. 2013;
Kaur et al. 2017). Therefore, nanotechnology
offers a new generation of nanomaterials for
environmental remediation. This remediation
has cost effective solutions in challenging the
problems of the environmental cleanup from
pollutants (El-Temsah et al. 2016). For example,
some nanoparticles can be used in remediation
of soil or waste water or groundwater pollution
because these nanomaterials have the following
characterizations (1) the very small size of these
nanoparticles can make the injection of them into
very small spaces easy and remain active for a
long time, (2) the large surface area can help to
a high enzymatic activity, (3) the movement of
these nanoparticles can be transported with the
flow of water and is controlled by gravitational
sedimentation, (4) and these nanoparticles can
be adsorbed on the solid matrix (Araújo et al.
2015; Guan et al. 2015; Liu et al. 2015; Louie et
al. 2016; Zhao et al. 2016; Dasgupta et al. 2017;
Kaur et al. 2017).
Env. Biodiv. Soil Security Vol.1 (2017)

In general, remediation methods can be
classified into three methods, physical, chemical
and biological. Concerning the physicochemical and engineering methods, they are
very expensive requesting the digging up of
polluted and disposal of the wastes to a landfill
in soils, leading to pollution elsewhere as well
as the handling and transport of hazardous
materials within the environment (Adki et al.
2014). Regarding bioremediation processes, it
is involved the removal of hazardous pollutants
using microbes (microbial remediation), plants
(phytoremediation) and animals (zooremediation).
Regarding zooremediation, it has been accounted
as a tool for removal of pollutants from aquatic
ecosystems. Due to the ethical or human health
concerns, animals are rarely considered for
bioremediation initiatives (Gifford et al. 2006).
Many studies have been published regarding the
suitable solutions of nanotechnology in controlling
the pollution such as Wang et al. (2016), Patil
et al. (2016), Devi and Ahmaruzzaman (2016),
Ibrahim et al. (2016), Subramanian et al. (2016)
and El-Ramady et al. (2017).
The using of plants and their associated
microbes in cleaning up different pollutants from
soils and water is a promising technology calling
phytoremediation (Ma et al. 2016). Several
researchers have been studied phytoremediation
process
and
its
strategies
including
phytoextraction, phytostabilization, phytofiltration,
phytovolatilization, etc. (El-Ramady et al. 2015a,
b; Agnello et al. 2016; Ji et al. 2016; Liao et al.
2016b; Luo et al. 2016; Ma et al. 2016; Mitton
et al. 2016; Shah et al. 2016; Wan et al. 2016;
Ansari et al. 2017; Bauddh et al. 2017). It is also
reported that, phytoremediation of contaminated
environments using nanoparticles (e.g., nano-Au,
Ag, CuO, ZnO and C60) have been performed,
where these nanoparticles can be absorbed and
translocated by plants either as nano- or in their
ionic form (Tripathi et al. 2015, 2016; Mustafa and
Komatsu 2016; Singh and Lee 2016; Khan et al.
2016; Patil et al. 2016; Martínez-Fernández et al.
2017). Concerning the microbial remediation, it
is recently reported that, a developed strategy was
established using genetically modified microbes
in detoxifying and degradation of environmental
pollutants (Chandra 2015).
Therefore, doubtless, the global deterioration
of natural resources i.e. soil, water and air by
releasing of toxic substances from the continuous
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anthropogenic activities is nowadays a serious
problem across the world. This poses numerous
issues relevant to the global ecosystem and
human health. The great challenge now is how
all countries can maintain the sustainability of
the environment. The control of pollution can
be achieved using the emerging applications
of nanotechnology, but more control is needed
with many regulations depends on the nature and
size of used nanoparticles. Thus, environmental
nanoremediation will not only specifically detect
the pollutants but also convert them into non-toxic
form upon reaction with it.
Environmrntal nanoremediation under climate
change
As mentioned before, the environmental
remediation involoved the removal or clean
up of pollutants/contaminats from different
environemntal
compartments
(e.g.,
soil,
groundwater, air, sediment and water) which
are the main natural the most areas suffer from
these pollutants. Therefore, the remediation
processes mainly are subjected for human health
and envirnment protection, which based on the
asessment of different ecological risks (Ingle et
al. 2014). One of the most important strategies
in remediating soil, ground- and waste water
is nanoparticles/nanomaterials. Thus, using of
these nanoparticles in cleaning the environment
from pollutants is called nanoremediation. Many
studies have been published concerning the
benefits of nanoremediation or nanotechnology
for environmental clean-up including heavy
metals removing from soils (Ingle et al. 2014;
Araújo et al. 2105; Jain et al. 2015; Fajardo et al.
2015; Jain et al. 2016; Gillies et al. 2016; Gil-Díaz
et al. 2016a; Martínez-Fernández et al. 2017),
using plants in clean up (Ghormade et al. 2011;
Capaldi Arruda et al. 2015; Gil-Díaz et al. 2016b;
Martínez-Fernández et al. 2017), remediation of
waste water (Hamza et al. 2016; Peeters et al.
2016; De Luca and Ferrer 2017; Shekarriz et al.
2017; Xue et al. 2017) degradation of pesticides in
soil and water (El-Temsah and Joner 2013; Gomes
et al. 2014; El-Temsah et al. 2016; Kaushik and
Djiwanti 2017).
Nanoremediation of soils, as a promising
strategy in minimizing the entry of pollutants in
plant parts, can be performed using nanoparticles
such as zero-valent iron nanoparticles (nZVI),
ZnO, TiO2, carbon nanotubes, fullerenes and
bimetallic nano-metals. These nanoparticles have
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four missions in soil nanoremediation including
(1) reducing the soil heavy metal concentration in
leachates to acceptable level, (2) immobilization
of soil heavy metals (e.g. Cr VI, Pb II, As III and
Cd) in polluted soils (Mallampati et al. 2013; ElRamady et al. 2017), (3) remediation the redox
potential enhancing the convert of some soil
heavy metals (like Cr VI) to less toxic forms and
(4) degradation of organic contaminants (e.g.
DDT, chlorinated organic solvents, carbamates,
etc) (Abhilash et al. 2016; Saha et al. 2017f).
Therefore, an integrated soil management
through nanoremediation should be addressed.
The proper management strategy depends on
many parameters including (1) soil properties
and type, (2) pollutants type, level, and their
mode of toxicity expression, (3) climate area and
climatic factors, (4) crops, and cropping system,
(5) management of nutrients, water and organic
matter, (6) the purpose of land use during and
after remediation process, and (7) economics
considerations (Saha et al. 2017f). Concerning
climatic factors, these factors include particularly
distribution pattern of precipitation or rainfall
and magnitude, humidity, temperature, etc. These
previous climatic factors could control and impact
on degradation, transformation, mobility and fate
of pollutants in the soil profile.
Regarding climate changes and environmental
nanoremediation, the changing in climate
could impact on all processes in soils including
nanoremediation process (Fig. 5). As well known,
all soil processes and factors are totally controlled
by the climatic factors. For example, any change
in soil moisture or temperature will be followed
by changes in fate and behavior of all nutrients or
elements or pollutants. This distinguished impact
of climate change on soil remediation could be
also involved water and air remediation as well
(Mitra et al. 2017). It is reported that, changes
in temperatures and precipitation patterns are
predicted to be significantly altered by 2100
(Melillo et al. 2014; Phelan et al. 2016). Together,
the individual and interactive impacts of these
previous two stressors could impact on many
components of terrestrial ecosystems including
soil processes and plant community diversity
(Porter et al. 2013; Phelan et al. 2016). It could
be noticed that, a few publications have been
issued regarding the influence of climate changes
on environmental pollution and nanoremediation
(e.g., Phelan et al. 2016; Alshaal et al. 2017;
Kolokytha et al. 2017; Niinemets et al. 2017).
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Some important information about climate
changes through the following sentences (more
details in Alshaal et al. 2017; Niinemets et al.
2017):
(1) Water and food security are the key challenges
under climate change as both are highly
vulnerable to continuously changing climatic
patterns. So, any degradation, transport,
mobility and sorption and bioavailability of
nanoparticles or pollutants is totally controlled
by factors including soil pH, soil texture
or clay content, cation exchange capacity,
pollutant level and type, nutrient and water
management and soil organic matter (Phelan
et al. 2016).
(2) Studies have predicted that the average global
temperature may increase by 1.4–5.8 °C and
there would be substantial reduction in fresh
water resources and agricultural yield by the
end of the 21st century (Misra 2014).
(3) According to the report of IPCC (2008), it
could be predicted that the climate change
over the next century will affect rainfall
pattern, river flows and sea levels all over the
world as well as agriculture yield will likely
be severely affected over the next hundred
years due to unprecedented rates of changes
in the climate system (Thornton et al. 2011).
(4) – In arid and semi-arid areas, the expected
precipitation decreases over the next century
would by 20% or more as well as the
accelerated increase in the greenhouse gases
(GHGs) concentration in the atmosphere is a
major cause for climate change (El-Ramady et
al. 2013).
(5) Higher temperatures and increased variability
of precipitation would, in general, lead to an
increased irrigation water demand, even if the
total precipitation during the growing season
remains the same.
(6) As a result of increased atmospheric CO2
concentrations, water-use efficiency for some
crops would increase, which would increase
the ratio of crop yield to unit of water input
(water productivity). However, in hot regions,
such as Egypt, the ratio may even decline as
yields decrease due to heat stress (IPCC 2007)
Env. Biodiv. Soil Security Vol.1 (2017)

(7) The increase modifications in both temperature
and precipitation patterns globally induce
major environmental alterations in different
agroecosystems including soils and aquatic
ecosystems (Niinemets et al. 2017).
(8) The modifications in global temperature will
impact on the distribution of ice, thereby
altering the timing of peak productivity, while
changes in precipitation strongly alter water
table depth with pollutant modifications in
light distribution, temperature, and water
chemistry, collectively altering the balance
between primary production, organic matter
consumption, and decomposition.
(9) The fate, behavior, oxidation and degradation
of different pollutants in agroecosystems are
totally controlled by the global warming and
climate changes beside different soil characters
particularly soil organic matter, which could
impact upon increase of soil microbial activity
and others.
(10) The impact of human activities on agroecosystems
under global climate changes should include
different environmental nanoremediation in
particular pollutants originating from various
rural and urban land use activities.
(11) Further studies concerning impact of climate
changes on environmental nanoremediation
should include predicting and identification
the impact of climate changes on the fate,
behavior, bioavailability and toxicity of
pollutants as well as how the pollutants alter
agroecosystem responses to these global
climate change (Niinemets et al. 2017).
Therefore, it could be concluded that,
promising results have been obtained from the
application of nanotechnology for the remediation
of contaminants. Furthermore, nanoremediation
also can provide us with a way in purifying soil,
air and water resources by using nanoparticles/
nanomaterials as a catalyst and/or sensing systems.
Groundwater remediation for drinking and reuse
is a promising field, which can be achieved by
using nanomaterials such as zero-valent iron
and carbon nanotubes. However, there are still
some open questions remaining concerning the
potential risks and human health associated with
this use of nanomaterials in the environment
under changing climate. Concerning the
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Fig. 5. Change percent in crop productivity under
climate change as compared with current
conditions in Egypt. More than 50 % of
the crop production of tomato will be lost
under climate change in Egypt. Current
crop productivity (2015) was obtained
from Bulletin of the Agricultural Statistics,
September
2016,
Economic Affairs
Sector. Ministry of Agriculture and Land
Reclamation.

sustainable crop production from polluted lands
using nanoremediation, there are many economic,
social and ecotoxicological considerations
and some strategies regarding minimizing the
potential risks for human health should be kept in
mind. Furthermore, restoration soil functionality
and growth of plants monitoring in polluted lands
are necessary before any field recommendations
for application of nanoremediation. Concerning
nanoremediation under changing climate, this
type of remediation for soil, water, air, etc.., still
needs further investigations to draw the complete
portrait about this global issue. The relationship
among pollutants, water, soils, nanomaterials and
the environment under climate changes was and
will still the crucial global issue worldwide.
Conclusion
As mentioned above, nanoremediation can
be considered an interesting approach in dealing
with both environmental health and safety
terms whereas, there is not fully understanding
concerning the behavior of nanoparticles/
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nanomaterials on the large scale. Therefore,
the use of nanoparticles/nanomaterials for
remediation should be followed after further
safety and appropriate researches. Furthermore,
the polluted lands represent a real threat for the
environment espeacilly in case of the dangerous
contaminants but on the other hand these
polluted soils may offer a real opportunity for
the multiple cropping in both the production of
foods and the biorefineries for the bioeconomy.
Further studies are needed in dealing with
nanremediation including (1) the biotoxicity of
nanomaterials/ nanoparticles (e.g., the mobility
and biogeochimstry of these nanoparticles in
particular under the field conditions), (2) the
investigation of local environmental conditions
and their effects on the fate, transport and
transformation of nanoparticles/nanomaterials,
and (3) study the antagonistic or synergistic
effects of nanoparticles and microbial activities
in soils.
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