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Abstract Nanoparticles are ultrafine particles having a size ranging between 1
and 100 nm. Recently, nanoparticles have had various applications in fields like
electronics; construction, manufacturing, cosmetics, agriculture, purification, and
medicine have increased. Nanomaterials and nanocomposites have distinctive prop-
erties (physical and chemical), which have resulted in their use in the construction
industry to facilitate innovative applications. The heavily used nanoparticles in the
building industry are titanium dioxide, carbon nanotubes, silica, copper, clay, and
aluminum oxide. The rising use of these nanoparticles has led to numerous adverse
environmental effects. Nanoparticles of carbon, including fullerenes, nanotubes,
metal oxides like iron and titanium, and natural inorganic compounds, along with
asbestos and quartz, have shown to have toxic effects on the human health and envi-
ronment. As the size of the particle is very small, they can pass through various
mammalian and plant cell membranes and can also be absorbed in them. They
can cause various inflammatory reactions and fibrosis in higher organisms and can
exert an antioxidant and cytotoxicity effect on unicellular. Numerous respiratory and
cardiovascular diseases are associated with continuous exposure to nanoparticles. In
this chapter, we are dealing with the various nanoparticles produced and used in the
construction industry and their deleterious effects seen in flora and fauna.

Keywords Construction industry · Cytotoxicity · Nanoparticles synthesis ·
Nanocomposites · Nanotoxicity

A. D. Gupta (B)
Department of Biotechnology, B. K. Birla College (Autonomous), Kalyan, Maharashtra, India

S. Z. Patil
Department of Bioanalytical Sciences, B. K. Birla College (Autonomous), Kalyan, Maharashtra,
India

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
J. A. Malik and S. Marathe (eds.), Ecological and Health Effects of Building Materials,
https://doi.org/10.1007/978-3-030-76073-1_10

159

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-76073-1_10&domain=pdf
https://doi.org/10.1007/978-3-030-76073-1_10


160 A. D. Gupta andS. Z. Patil

10.1 Introduction

Richard P. Feynman, a physicist, gave the notion of nanotechnology in 1959, in his
famed address, “There’s Plenty of Room at the Bottom”, at the American Physical
Society at the California Institute of Technology (Feynman 1960). The opinions put
ahead by Feynman went unobserved until Norio Taniguchi (1974), who coined the
term “Nanotechnology” at the International Conference on Production Engineering
(Taniguchi et al. 1974). Drexler defined nanotechnology as the production of mate-
rials having sizes between 1 and 100 nm (Drexler 1981). Hence, nanotechnology is
quite old but has been explored now-a-days‚ has had a high demand in the last two
decades. In fact, nanomaterials have been utilized unwittingly for thousands of years-
nanoparticles of gold were used to stain glasses and helped cure several diseases.
Researchers have increasingly been able to research and elucidate the physicochem-
ical properties, which is shape- and size-dependent, of nanoparticles by using sophis-
ticated and creative techniques (Rao et al. 2015; Rai et al. 2015; Abbasi et al. 2016;
Giljohann et al. 2010; Pereira et al. 2015). Nanotechnology typically examines the
matter that is manipulated at a nano-scale stage of between 1 and 100 nm. In various
fields, the development of the nano sector has led to enormous growth viz. food and
agriculture, pharmaceuticals, biotechnology, medicine, energy and the environment,
material science (Kandasamy and Prema 2015). Nanoparticles can be characterized
as particles with at least one dimension varying in diameter from 1 to 100 nm that can
alter their physicochemical properties compared to their parent bulk matter. Due to
their peculiar characteristics and innovative features, nanoparticles are widely used
in various aspects of daily life and energy production. Nanoparticles have phys-
ical characteristics in materials science and biology, viz. Homogeneity, conductance
and special optical characteristics that make them appealing. Nanoparticles can be
synthesized from a variety of materials. Their properties preferably depend on their
chemical composition and the size and/or shape of the particles (Kataria et al. 2019).

10.2 Synthesis of Nanoparticles

Two techniques are used to synthesize nanoparticles: the top-down approach and the
bottom-up approach.

Several methods have been developed based on these two approaches (Fig. 10.1).

10.2.1 Top-Down Approach

This method includes the breakdown of large bulk material into particles of nano
size. This can be achieved by different methods, i.e., Milling, method of attrition and
wire technique for electro explosion. This is a fast method of production, but it uses
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Fig. 10.1 Various methods (Physical, Chemical, and Biological) for nanoparticles synthesis and
their applications in a variety of fields
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more resources, so it is not ideal for large-scale production. Another downside of
the top-down method is surface structure defects that have a huge influence on the
physical and other properties of the produced nanoparticles (Thakkar et al. 2010).

10.2.2 Bottom-up Approach

The bottom method requires the creation of the material, molecular by molecule,
atom by atom, and cluster by cluster. Physical forces acting on the nano structure
are used during the process of construction to combine the particles into a larger
one. For synthesis of complex nanostructures, a bottom-up approach is recom-
mended as this approach can control the particle size resulting in good optical,
electronic, and other properties (Doyle and Glass 2010). Thermal decomposi-
tion, Chemical vapor deposition method, solvothermal method, templating method,
hydrothermal synthesis, pulsed laser ablation, combustionmethod, gas phasemethod,
microwave synthesis, and traditional Sol-Gel technique are the various methods used
to synthesize nanomaterials.

The environmental contamination caused by heavy metals limits the different
physicochemical methods for the metal nanoparticles synthesis. It was therefore
employed to synthesize nanoparticles through biological means. Biosynthesis of
nanoparticles has the advantages of non-toxicity, manufacturing duplicability, easy
scaling-up, and morphology that are well established. Microorganisms and plants
have been used as reserves with considerable capacity for synthesizing nanoparticles.
Till date, several microorganisms have been investigated for the synthesis of metal
nanoparticles, including bacteria, fungi, and yeast, as well as plants. The various
physical, chemical, and biological methods for the synthesis of nanoparticles with
their applications were presented in Fig. 10.1.

10.3 Applications of Nanoparticles

Nanoparticles of gold are used for the targeted drug delivery like paclitaxel,
methotrexate, and doxorubicin (Rai et al. 2015). They are utilized for the finding
of tumour, angiogenesis, genetic disease, and diagnosis of various genetic disor-
ders, photo imaging, and photo thermal treatment. Iron oxide particles of have
been utilized for cancer treatment, hyperthermia, targeted drug delivery, repairing
of tissue, labelling cells and cell organelles, and immunological assays, purifica-
tion of biological fluids, imaging, and magnetically reactive drug delivery treatment
(Khlebtsov et al. 2011; Huang et al. 2007; Iv et al. 2015). Nanoparticles of silver
are used for various antimicrobial, anticancer, anti-inflammatory, and wound medi-
cation applications for different purposes (Ahamed et al. 2010). Various properties
such as biocompatible, non-hazardous, self-purification, skin-friendly, antimicrobial,
and dermatological activities are demonstrated by nanoparticles of titanium and zinc.
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They have been used in various fields like cosmetic, biomedical, and as ultraviolet
(UV)-preventing agents (Zahir et al. 2015; Ambika et al. 2015). Nanoparticles of
palladium and copper are applied in certain polymers, batteries, plastics plasmonic
waveguides, and optical restricting gadgets (Momeni et al. 2015; Nasrollahzadeh
et al. 2015). Copper and palladium nanoparticles show antimicrobial activity against
many pathogenic microorganisms. Metal nanoparticles have been used in the spatial
study of different glycosphingolipids, nucleic acids, peptides, lipids, metabolites,
and drug particles. The specific properties of nanoparticles make them more accept-
able for the design of biosensors and electrochemical sensors (Peng et al. 2011).
Nano sensors are designed for the recognition of algal and mycobacteria toxins,
along with heavy metals in various sources (Selid et al. 2009). Nanosensors have
been created by using nanoparticles for management of various hormones and for
the sensing of viruses, crop pests, stress factors, and nutrient levels in the soil (Koren
et al. 2015). In many biomedical applications, such as anticancer and antimicro-
bial applications, biological nanoparticles have been implemented. This is because
biologically synthesized nanoparticles, particularly in biomedical applications, show
greater efficacy compared to physicochemical nanoparticles (Singh et al. 2016).

10.3.1 Use of Various Nanoparticles in Construction Area

In civil engineering, the use of good building materials plays a very crucial role.
Steel, concrete, bricks, stones, wood, glass, and many metallic elements are the key
building materials (Khitab 2012). The oldest resources used by primitive humans to
build refuge against natural catastrophes andwild animalswere stone and timber. Like
the evolution of all other species on the planet, the raw material of construction also
passed through an evolutionary course. As the modern-day giants in the construction
industry, we now have concrete and steel. As the experience grew, engineers and
researchers created brand new and smart materials. A recent and new scheme that
surfaced at the end of the last centenary has been the utilization of nano technology
and nano materials in civil engineering. The use of this new and modern technology
has solved several of the construction industry‘s challenges. This is because of the
nanomaterials’ higher strength and lower density.

The use of these nanomaterials is expanding in numerous fields, such as auto-
motive, biomedicine, electronics, construction, and robotics due to their unique
mechanical, chemical, electronic, and optical properties. Currently, however, the
use of nanotechnology and nanomaterials in civil engineering is much less signif-
icant, especially in the construction sector (Ge and Gao 2008; Li 2004; Irie et al.
2004). These nanomaterials are mostly used to give sturdier physical composites,
lighter structure, improved cement likematerial properties, lowmaintenance coating,
better-quality pipe joiningmaterials, upgraded heat and sound insulation, better glass
reflectivity, water repellents, self-cleaning and antifogging surfaces, ultraviolet light
protector, nanosized building safety and structural health monitoring sensors and
solar cells (Daniyal et al. 2018) (Table 10.1).
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Table 10.1 Several nanomaterials used in the construction Industry

Nanomaterials Base raw material Potential advantages References

Zirconium oxide
(ZrO2)

Concrete and cement Tensile strength is
boosted

Nazari and Shadi
(2010), Nazari et al.
(2010c)

Silver (Ag) Paints Shows antimicrobial
properties

Kumar et al. (2008)

Carbon nanotube
(CNT)

Concrete and cement Tensile strength and
stability are improved

Małgorzata (2014),
Becher (1991), Saafi
and Romine (2005),
Song et al. (2008),
Zhang et al. (2006),
Nochaiya and
Chaipanich (2011),
Chaipanich et al.
(2010)

Ceramics Thermal and
mechanistic properties
are enhancement

Becher (1991)

Nano electrical
mechanism systems

Health assessment of
structures are carried out
in real time

Saafi and Romine
(2005), Song et al.
(2008)

Solar cell Electron mediation
efficient

Girishkumar et al.
(2005)

Silicon dioxide
(SiO2)

Concrete and cement Tensile strength and
stability are
enhancement

Zhang and Li (2011),
Hussain and Sastry
(2014), Ye et al.
(2007)

Glass Antireflective and heat
isolation

Rana et al. (2009)

Titanium dioxide
(TiO2)

Solar cell Production of
non-utility power

Serpone and
Pellizzetti (1989)

Glass Antifogging,
hydrophilicity, fouling
resistance

Ruot et al. (2009),
Guerrini (2012)

Concrete and cement Self-cleaning, rapid
hydration and
mechanical strengths are
improvement

Mohseni et al. (2015),
Ruot et al. (2009),
Guerrini (2012)

Calcium carbonate
(CaCO3)

Concrete and cement Tensile strength is
boosted

Sato and Diallo
(2010), Kawashima
et al. (2013), Shaikh
and Supit (2014)

(continued)
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Table 10.1 (continued)

Nanomaterials Base raw material Potential advantages References

Copper oxide (CuO) Concrete and
cement/steel

Tensile strength and
stability are improved,
improved weldability
and resistance to
corrosion by steel

Nazari and Shadi
(2011), Nazari et al.
(2011)

Aluminium oxide
(Al2O3)

Concrete and cement Tensile strengths are
boosted

Arefi et al. (2011),
Zhenhua et al. (2006)

Asphalt concrete Increased serviceability

Zycosoil Asphalt concrete Increased weakened life,
higher compaction

Sarkar et al. (2014)

Chromium oxide
(Cr2O3)

Concrete and cement Tensile strengths are
boosted

Nazari and Riahi
(2011a, b)

Ferric oxide (Fe2O3) Concrete and cement Tensile strengths and
stability are
improvement

Nazari et al. (2010a,
b), Yazdi et al. (2011)

Clay nanoparticles Bricks mortar Heightened compressive
strength

Daniyal et al. (2018)

The development of laboratories and hospitals free of microorganism, water-
resistant homes, metropolitan environmental safety has resulted because of the use
of nanoparticles in construction (Lee et al. 2010). Cement nanomaterials have been
applied, resulting in a substantial decrease in cementitious composite preliminary
setting time as well as finishing setting time. The broad specific surface areas, the
larger number of highly unstable and active atoms on the surface, speed up the
reaction for hydration of cement and eventually minimize the setting time needed
for the cement. The incorporation of nanomaterials also substantially decreases the
workability of composites of cement. The substitution of cement with nanoparticles
has caused the total surface area to increase. Therefore, more water for lubrica-
tion is needed to make wet the particles. The support of high-quality plasticizers
and additional cement materials such as silica fume, rice husk ash, fly ash, and
nanoparticles have overcome this problem (Daniyal et al. 2018). With the use of
sufficient nanomaterial concentrations, the tensile strengths and stability properties
of cement composites are dramatically increased. The addition of nanoparticles to
it, has produced ultra-high-strength concrete, photocatalytic concrete, self-heating
concrete, bendable concrete, and concrete containing CNTs. Instead of micro silica
particles, Nano Silica Concrete has nano silica, which has led to higher initial and
final compressive forces, greater workability, and lower absorbency. In addition,
in the concrete, higher tensile strength and segregation resistance were also seen.
The new concrete, Ultra High Strength Concrete, has many advantages viz. the
column sections in buildings and amount of steel reinforcement in concrete could
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be reduced (Li 2004). The calcium nitrite-impeded as well as graphene and nano-
TiO2-mixed cement slurry coating showed significant level of corrosion inhibition
of when associated with uninhibited systems (Daniyal et al. 2018).

In asphalt cement, a 5% inclusion of nano-aluminium oxide (Al2O3) was tested to
verify the effect of the modifier on asphalt cement. This addition demonstrated good
high temperature resistance and improved the material’s serviceability (Mubaraki
et al. 2016; Fang et al. 2016; Mohajerani et al. 2017). Moisture damage is a major
obstacle around the world due to the malfunction of the layers made up of hot mix
asphalt due to the penetration of water into the sidewalk system, resulting in a loss
of hardness, endurance, and strength (Nejad et al. 2012; Jin et al. 2019). Zycosoil
has been used to test the asphalt concrete properties when mixed with zycosoil as an
anti-strip agent (Sarkar et al. 2014). Owing to the rise of the filler and the reduction
of air spaces in the asphalt blend, the fatigue life has been improved. In addition, due
to the alteration of the aggregate surface, superior compaction because of the asphalt
blend have been obtained (Nejad et al. 2012).

An Investigation to verify the effect of nano-clays on earth bricks was performed
out by Niroumand et al. (2013). Nano-clays are nanoparticles coated with mineral
silicates, and the utilization of bricks embeddedwith various nanoparticles is dictated
by the chemical composition of the brick. The results showed that a nano-clay addi-
tion of 5% can yield a compressive strength of 4.8 times that of regular clay bricks
(Niroumand et al. 2013). As compared to standard clay bricks, the nano-claymodifier
is the most ecological balanced material. The efficacy of various shielding coatings
on bricks was tested by Stefanidou and Kazou (2016) the physical properties of each
solution were checked. 1–1.5% silica nanoparticles were modified by addition of
silane/siloxane, linseed oil, and alka siloxane. Silica nanoparticles and alkosiloxane
have been shown to be the highly efficient method to secure bricks that have shown
high endurance to water absorption and a major increase in toughness.

In the building area, timber is also used. A timber coating was made, using silica
nanoparticles (SiO2) and alumina which were integrated with hydrophobic polymers
(Mohamed 2015). This coating created an invisible layer, confining water, soil, oil,
algae and dust-resistant properties on the surface of the timber. It also provides UV
protection and retained surface quality (Mohajerani et al. 2018). Medium density
fibreboard (MDF) is a wood processing commodity composed of a synthetic resin
merged with fine lignocellulosic fibers that are subjected to stress and high temper-
ature to form panels (Kumar et al. 2013). The method is considered expensive, so
reducing the press time would diminish the cost of production and boost the ability
of production. The effect of nano-aluminium oxide (Al2O3) on the heat transfer step
of MDF during the hot-pressing process was studied by Kumar et al. (2013). The
results showed an increase in the mechanical and physical traits of MDF panels due
to the improvement in heat transfer.

Uneven surface may lead to increasing stress and, hence, cracking due to fatigue
in traditional steel; however, surface unevenness can be minimized with the addition
of nanoparticles as a modifier and, therefore, cracking can be lowered (Tiwari and
Chowdhury 2012). In addition, studies have shown that by strengthening the steel
microstructure, the effects of embrittlement of hydrogen and the intergranular cement
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process are minimized (Mohamed 2015). The effect of colloidal nanoparticles of
copper as an enhancer for steel corrosion resistant coatings was studied by Hegazy
et al. (2013).

Additional protection of window glass, pavement, walls, and roofs are made by
integration or layering with SiO2 and TiO2 nanoparticles. The windows could be
made fireproof by using silica nano layers which are placed between two glass panels
(Mann 2006). Silica nanoparticles added to the windows help monitor external light
by acting as an anti-reflection coating and contribute to energy efficiency by having
an effect on air conditioning (Rana et al. 2009). TiO2 is photoactivated to generate
reactive oxygen species (ROS) by exposing them to UV light indoors with sunlight,
allowing successful eradication of bacterial biofilms and dirt attached to the windows
(Irie et al. 2004; Paz et al. 1995). TiO2 nanoparticles layered on footpaths, roofs and
walls serve as an anti-fogging mediator to keep surfaces dirt free when exposed to
solar radiation and avoid the accumulation of hydrophobic dust on windows (Zhu
et al. 2004; Irie et al. 2004).

In paint, silver nanoparticles can be combinedwith the paint, to destroy pathogenic
microorganisms and provide surfaces (e.g., hospital walls) with antimicrobial proper-
ties (Kumar et al. 2008). Due to its photoactivity under UV lighting, titanium dioxide
(TiO2) acts as a biological killing agent and can confer antibacterial and antifungal
properties on surfaces of the wood (Goffredo et al. 2017). Stronger types of steel
can be created by adding nanoparticles to steel coating paints when they are used
as concrete building reinforcing bars. These bars are referred to as multi-structural
micro-composite formable (MMFX) steel, which is favoured over conventional steel
because of its corrosion resistance and robust properties (Mohamed 2015).

In construction buildings, micro and nano-scale sensors and actuators are inserted
for precise actual-time observation of structural/material destruction and conditions
(e.g., stress, wear, corrosion, and cracking) and environmental circumstances (e.g.,
temperature, moisture, and smoke) (Saafi and Romine 2005; Song et al. 2008). As
the system senses strain inputs, CNT/polycarbonate nanocomposite sensors produce
brief alterations in electrical resistance, providing a prompt indication of potential
structural damage (Zhang et al. 2006). The extraordinary electron shuttle properties
of CNTs and C60 fullerenes are used to improve the efficiency of solar and fuel cells
generating renewable energy (Girishkumar et al. 2005; Brown and Kamat 2008).

10.4 Health Effects of Nanoparticles

Nanomaterials are used to improve several different product types (Royal Society
2004), and day by day, the marketing of goods using these specific properties of
nanoparticles is growing. These same new features, however, have demonstrated new
difficulties in recognizing, predicting, and treating possible harmful health impacts
after coming in contact with them (Hood 2004). The extensive use of nanoparticles
provides tremendous possibility for human contact and release in the environment.
The massive advancement of technology and diverse applications has had an impact
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on health research and may cause environmental risk. The prospect of nanotech-
nology, like the development and use of genetically modified organisms, would be
highly dependent on public acceptance of the risks andbenefits of these nanoparticles.
The study shows that in vitro conditions, along with high concentrations of nanopar-
ticles, are highly poisonous to marine organisms, bacteria, and human cells. Also,
non-toxic compounds may generally become dangerous at the nanoscale. According
to particle physics, nanoparticles size allows them to stay suspended into the air, for
days to weeks if released (Elliott 2011; Lidén 2011; Potera 2010). It is possible to
inhale nanoparticles, which would result in the accumulation of these particles in the
animal or plant respiratory system. This can also result in the bioaccumulation of
nanoparticles (Rizzello and Pompa 2014; Yang and Ma 2010; Diao and Yao 2009).

At various stages, nanoparticles may be released into the atmosphere accidentally
or incidentally. Some nanoparticles may be counted as possible developing contam-
inants, growing fears about the related risks to public and environmental health, as
their environmental release is presently not regulated. Nanoparticles may go through
various alterations once in the environment, which alter their characteristics, effects,
and destiny. Therefore, reporting on lifecycle exposure to nanoparticles is impor-
tant for evaluating possible impacts on ecosystem and human health, as well as
minimizing avoidable risks.

Since recent years, there aremany innovations in nanotechnology that have created
angst regarding the existence, spread, outcome, and transport of nanoparticles into the
environment.Nanoparticles are used in an array ofmanufacturing and civil processes,
biomedical functions, consumer goods, food, and drug delivery systems, etc. due to
which there is a wide spread of nanoparticles in the atmosphere. The volume of these
nanoparticles has risen in the ecosystem, as they are released in the environment
as a waste product or as a by-product of some manufacturing procedure, which has
resulted in several worries regarding human health and the environment.

Two areas of nanoparticles are important here;

1. In a free shape, where nanoparticles either be discharged into the water
or air during production or manufacturing incidents, or as a by-product of
manufacturing waste and subsequently deposited in the water, soil, or plants.

2. If they are components of a processed material or commodity in a fixed form,
they will eventually have to be reused or removed as waste.

For an extended period of time, nanoparticles emitted at the construction site
remain in the air during which employees may be exposed to them. There are no
suitable chemical management policies enforced in such areas. Staff inhale dust,
which can lead to serious health problems, with the example of dust on worksites
(Kumar and Morawska 2014).
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10.4.1 Effect of Nanoparticles on Microorganisms

Nanoparticles used in the construction sites have unfavourable effects on the micro-
bial population in the vicinity. These nanoparticles tend to utilize their antibacterial
properties via a variety of methods (Aderibigbe 2017; AlMatar et al. 2017; Hemeg
2017; Bassegoda et al. 2018) (Fig. 10.2) such as;

1. Directly interacting with the microbial cell wall,
2. Formation of biofilm suppression,
3. Eliciting of innate and adaptive host immune responses,
4. Production of ROS, and
5. Generation of intracellular effects (e.g., binding with proteins and/or DNA).

The effects of various nanoparticles on microorganisms are shown in Fig. 10.2.
Damage to the bacterial cell membrane happens when nanoparticles attach electro-
statically to the cell wall andmembranes of the bacterial, resulting in themodification
of cellmembrane potential, depolarization of themembrane, and loss of stability. This
results in transport disparity, decreased respiration, cell lysis damage and/or, energy
transduction and eventually death of the cell (Pelgrift and Friedman 2013). The most
important element for the in vivo and in vitro cell-toxicity of nanoparticles is known
to be Reactive Oxygen Species (ROS). They are produced indirectly by respiratory
chain disruption or directly by the nanoparticles (Nathan and Cunningham-Bussel
2013). A ROS surge occurs due to extreme oxidative stress, which causes injury to
all the macromolecules of the cell, resulting in peroxidation of lipid, protein modifi-
cation, inhibition of enzyme, and damage to DNA and RNA. At high concentrations,
ROS can lead to cell death and cause seriousDNAdamage andmutations at lowdoses

Fig. 10.2 Effects of various nanoparticles on microorganisms
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(Pan et al. 2010; Wang et al. 2011). The harmfulness of nanoparticles is a photocat-
alytic reaction when the production of ROS is caused by visible or UV light. Many
other impacts of nanoparticles consist of direct inhibition of vitalenzymes, initiation
of nitrogen reactive species (NRS), and programmed death of the cell (Pelgrift and
Friedman 2013; Huh and Kwon 2011; Hajipour et al. 2012; Belcher et al. 2011).

Such nanoparticles do not exert the same antibiotic mechanism of action, thus
causing more damage. Both lipids and membrane proteins are destroyed by ZnO
NPs, which can cause cell death. They result in the formation of hydrogen peroxide
(H2O2), including Zn2+ ions and ROS, which damage the bacterial cell. Copper
associates with groups of amines and carbonyls found on microbe’s cell surfaces.
ROS can be formed by greater concentrations of Cu2+ ions. TiO2 NPs produce ROS,
including hydroxyl radicals (·OH) and hydrogen peroxide (H2O2), in a photocatalysis
phase on contact with UVA and near-UV irradiation (Ruparelia et al. 2008). MgX2

NPs cause peroxidation of lipids in the microbial cell envelope by generating ROS.
MgF2 NPs can cause peroxidation of lipid and a decline in cytoplasmic pH, which
may increase membrane potential (Lellouche et al. 2009, 2012; Belcher et al. 2011).
Silver’s antimicrobial activity is due to its Ag+ ions. By binding to them, Ag+ inhibits
the microbe’s electron transport chain, destroying RNA and DNA. It also prevents
inhibition of cell division by the replication of DNA (Sondi and Salopek-Sondi 2004;
Choi et al. 2008). Direct damage to cell walls appears to be the microbial toxicity
mechanism of SWNTs, whileMWNTs cause toxicity by oxidative stress (Kang et al.
2007, 2008a, b).

10.4.2 Effect of Nanoparticles on Plants

The plant system’s interaction and absorption of nanoparticles is determined on
the design of the nanoparticles, including the shape, size and amount used. The
nanoparticles, which lie in the 40–50 nm size range, are able to easily penetrate the
plant tissues. Through various mechanisms, nanoparticles interact with the system
of plant roots. 2 nm size nanoparticles can be exogenously applied via leaves, which
will traverse the cuticular pore into the stomata (Eichert and Goldbach 2008; Schwab
et al. 2016).

Numerous possibilities have been suggested for the absorption of nanoparticles
by plant cells. The data show that by binding to a transporter protein, all through the
aquaporin, ion channels, or endocytosis via the formation of newpores, nanomaterials
could reach plant cells, eventually ending up binding to an organic chemical inside
the cell (Maine et al. 2001; Kurepa et al. 2010). In the case of CNTs, this mode of
transmission of nanoparticles is mainly seen (Smirnova et al. 2012). Before being
transported into the plants; the nanomaterials can produce complexes along with cell
membrane carriers or root exudates. Reports show that plants take up most metal-
based nanomaterials, including elements for which ion carriers have been recognized
(Tani and Barrington 2005). As nanomaterials join plant cells, they can be moved
via the plasmodesmata of the cell from one cell to another (Hauck et al. 2008).
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At higher concentrations, the plants carry out the accumulation of nanoparticles
which can result in an escalation in the activity of superoxide dismutase and catalase
enzymes and a reduction in photosynthesis. Silver nanoparticles increase the shoot
and root lengthwhen used at low intensity but reduce the length at high concentration.
In root growth, biomass and root length, a reduction is seen. Broken epidermis and
root caps have been found in some cases. Seed germination decreased along with
shoot length was affected by different concentrations of silver nanoparticles, and a
reduction in plant growthwas observed. The reducedmitotic index resulted due to the
higher concentration of silver nanoparticles. Cell division processes are disrupted by
the silver nanoparticles, resulting in amixed-upmetaphase, chromatin bridge, several
chromosomal splits, and eventually cell disintegration. In agricultural and grassland
plants, DNA was damaged owing to the existence of copper oxide nanoparticles
(Vannini et al. 2013; Krishnaraj et al. 2012; Fageria et al. 1990; Jasim et al. 2017).

Monodisperse particles of nano-zinc oxide inhibit root growth and inhibited
chlorophyll synthesis, resulting in decreased photosynthetic effectiveness.When zinc
nanoparticles were present, a decrease in germination and simultaneous suppression
of root growth was seen (Ramesh et al. 2014; De la Rosa et al. 2013; Zafar et al.
2016). Nanoparticles of copper oxide lowered the chlorophyll content in plants. After
the plants’ exposure to copper ions and copper nanoparticles, lipid peroxidation
was enhanced. Copper/Copper oxide (Cu/Cu2O) nanoparticles via adsorption could
obstruct water channels. The potential for radical penetration into onion roots could
also be increased (Fiskesjo 1993; Geremias et al. 2010), which may result in disrup-
tion of the entire cell division stages andmetabolism. The toxicity study of cobalt and
zinc oxide nanoparticles showed that escalating concentrations of the nanoparticles
results in the roots elongation inhibition as compared with control plants. The toxi-
city of nanoparticles of cobalt oxide could be because these nanoparticles can block
the water channels through adsorption, while the zinc oxide nanoparticles penetrate
drastically into the roots of the plant and destroy the whole metabolism and cell
division stages. ZnO nanomaterials are one of the most toxic nanomaterials that
could result in termination of root growth (Stella et al. 2010; Ma et al. 2009; Huang
et al. 2002). Aluminium oxide results in decreased plant growth and development
(Foy and Fleming 1982). Figure 10.3 shows the interaction of nanomaterials in the
environment and plants.

Inhibitory effects on the development are seen by the presence of ferrous nanopar-
ticles (Fageria et al. 1990). The surplus iron oxide (Fe3O4) amount as the magnetic
nanomaterial caused various negative effects seen in growth of the plant. The level
of chlorophyll was magnified at low fluid concentrations of Fe3O4 nanoparticles,
whereas it was impeded at higher concentrations. Repressing effect was seen on the
plantlets growth that resulted in the formation of brown spots on leaves at greater
volumes of Fe3O4 nanoparticles (Stephan 2004; Laanbroek 1990; Hartley and Lepp
2008). Oxidative stress was the result of excess Fe3O4 nanoparticles, which impaired
the rate of photosynthesis and a decreased metabolism rate. The oxidative stress
caused by the accumulation of Fe3O4 fluid in the living plant’s tissues (Hartley and
Lepp 2008; John 1988; Bencana et al. 1998; Green and Etherington 1977). TiO2

nanoparticles have a very small size due to which they have a tendency to form a
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Fig. 10.3 Interaction of nanomaterials in the environment and plants; (1) plant root absorbed
nanomaterials directly, (2) nanomaterials combined with water, (3) nanomaterials combined with
water and transported to the plant, (4) nanomaterials remained in the soil

covalent bond with no-conjugate natural organic matter, move from one place to
another, following the cells’ and tissue specific circulation (Garcia et al. 2009; Feizi
et al. 2012, 2013; Castiglione et al. 2011). Algal species, Desmodesmus subspicatus
also showed toxic effects of TiO2 nanoparticles (Hund-Rinke and Simon 2006). TiO2

nanoparticles created ROS on contact with organisms or UV irradiation (Khataee
et al. 2014; Larue et al. 2012; Dehkourdi andMosavi; 2013). The phytotoxicity effect
on cucumber, maize, carrot, cabbage, and soybean by uncoated and phenanthrene-
coated alumina (Al2O3) nanoparticles was examined. The results showed that the
root elongation was inhibited by uncoated Al2O3 nanoparticles at 2mgL−1 concen-
trations. The toxicity is shown to be maybe not nano-specified but may be owing to
the suspension of nanoparticles of Al2O3. ZnO nanoparticles tend to penetrate the
cells of the root and impede growth of the seedling (Blamey et al. 1983; Kollmeier
et al. 2000; Yamamoto et al. 2001).

10.4.3 Effect on Animals and Humans

There are several distinctive properties that make it so promising for nanomaterials
in construction. However, massive usage of the building industry can also produce
unexpected effects on the human health and environment. Inhalation of nanoparticles
during the coating, molding, compounding, and amalgamation process may cause
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Fig. 10.4 Routes of exposure of nanoparticles

workers to experience many respiratory problems. A risk evaluation questionnaire
on the effect of nano-TiO2 proved that work-related exposure surpassed the normal
limit only in the process of packaging. In some cases, nanomaterials exposure may
also happen duringmanufacture and processing before integration intomanufactured
goods. During aqueous dispersal of CNTs and fullerenes, aerosolized carbon NPs
can be produced through sonification, while airborne particles are released during
weighing (Rahman et al. 2017). The release of some building nanoparticles can result
in activities such as construction, repair, renovation, and demolition (Fig. 10.4).

Figure 10.4 shows the routes of exposure of nanoparticles. Nanomaterial wastes,
from industrial processes or building and destruction activities, go through crushing
procedure before they are transferred to the disposal unit which may cause their
release in the ecosystem. Inhalation is a one of the crucial methods for nanopar-
ticles spread through the body. This has caused an increase in anxiety regarding
toxic pulmonary diseases. This is similar to asbestosis, where pleural fibrosis, lung
cancer, and mesothelioma are caused by inhaled small crystalline fibers of asbestos
(Donaldson and Seaton 2012).Workers were exposed to carcinogenic fibres formany
years prior to the initiation of various regulation. This was partly due to the lack of
knowledge of the health risks linked with asbestosis. Particles inhalation on building
areas has been recognized as a health and safety issue. Studies linked to chronic
nasal exposure in male mice were carried out and the results may be comparable
with humans. Male mice were subjected to nasal inhalation installation of 1.25,
2.5, or 5 mg/kg TiO2 nanoparticles for nine months. The outcomes showed a drop in
bodyweight, inflammation and cell permeation, and tumour formation inmouse lung
tissue, along with dysfunction of metabolism. Similar experiment was conducted out
using nickel hydroxide, subjecting the mice to Ni (OH)2 particles over several time
intervals (Gillespie et al. 2010). The findings demonstrated the presence of inflamma-
tion of the lungs along with a different reaction varying on the length of the contact.
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The rise in the number of polymorphonuclear leukocytes (PMN), lymphocytes and
macrophages has aided in an inflammatory reaction (Gillespie et al. 2010).

Nanoparticles can penetrate the skin, gaining entrance into the body. Dermal
absorption has been identified via various methods—transcellular, intercellular, and
trans-appendageal via follicles of hair or sweat glands. This will also depend on
the properties of the specific nanoparticles (Crosera et al. 2009). Dermal absorption
is not given much importance in front of studies on inhalation exposure, and the
evaluated threat is minimal due to the opinion that they are less permeable via the
skin route (Crosera et al. 2009). Polystyrene nanoparticles were spread using vertical
diffusion cells at intervals of 0.5, 1 and 2 h in a study conducted using porcine skin.
Surface imaging experiments showed an accumulation in the follicular openings of
smaller nanoparticles. It is important to carry out studies to determine if the particle
will move through the skin at lesion, flexure, and wound sites (Crosera et al. 2009).
Experiments have shown that ZnO and TiO2nanoparticles were incapable of passing
via the skin showing them to be safe to cutaneous exposure. Ag nanoparticles were
found to enter via the skin but their capability to penetrate is yet to be studied. Their
usage in dressings of various medical injuries may cause absorption via the skin,
possibly causing damage to the internal organs (Crosera et al. 2009).

Nanoparticles of Ni, Pd, and Co are deemed to bemore dangerous due to the high-
level release of ions (Filon et al. 2015). Carbon nanotubes (MWNTs and SWNTs) of
small sizes create a possible threat as they cause toxicity in the pulmonary system,
like fibrosis, inflammation, and epithelioid granulomas in animals (Filon et al. 2015;
Karlsson et al. 2008; Park et al. 2007; Reeves et al. 2008). SiO2 NPs have been
reported to exert carcinogenic activity. Exposure to nanosized SiO2 causes lipid
peroxidation and membrane damage on human lung cancer cells and induces tumour
necrosis genes in rats (Lin et al. 2006; Donaldson and Seaton 2012; Buchanan et al.
1993; Oravisjärvi et al. 2014). Table 10.2 enlists various health ailments due to the
presence of nanoparticles.

10.5 Conclusion

The utilization of nanoparticles in the construction/civil industry presents a number
of prospects and challenges. In building, the use of nanoparticles can be used not
only to enhance the materials and utilities properties, but also to conserve energy.
This is particularly important as residential homes and commercial buildings that
provide heating, air conditioning and lighting use a high percentage of all energy
consumed. In order to have a greener construction industry, nanomaterials can also
take part in the production process. This can happen when we use nanoparticles
as a substitute for materials that are dangerous ecological pollutants, like mercury
and lead. Prospects for energy savings involve enhanced heat management by using
nanoparticles of silica in paint/coating and insulating ceramics that allow energy
saving and nano-TiO2-coated surfaces which are solar-powered and self-cleaning.
The usage of Quantum dots and CNTs to increase the performance of energy transfer,
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Table 10.2 Health implications of nanoparticles to the human body (Wiemann et al. 2017; Ahamed
et al. 2010; Grande and Tucci 2016; Donaldson et al. 2000; Karlsson et al. 2008; Wickrath et al.
2017)

Nanoparticle Type affected cell/Organ/System

C60 (water-stable colloid) Absorbed by human keratinocytes; toxicity to
human cell lines; peroxidation of lipid, stabilizes
proteins

C60 derivatives Cell death/necrosis; oxidative cytotoxicity; liver
accumulation; sarcomas in mice and human
cells, gliomas are induced

Carbon nanotubes (CNT) Cell death/necrosis; cell membrane damage;
respiratory functions are inhibited; damage to the
mitochondrial DNA; inhibit bacterial clearance
from lung tissues; induce granulomas and
athereoschlerotic lesions

Zinc oxide nanoparticles (ZnO NP) Proliferation of the cell

Iron oxide (Fe3O4) Oxidative damage to the DNA

Copper zinc ferrite (CuZnFe2O4)/Copper
oxide (CuO)

Oxidative damage to the DNA

Titanium dioxide (TiO2) Damage to DNA; inflammation in lungs;
carcinogenesis; cell death; changes in metabolic
activities

Silica nanoparticles (SiO2) Induces bronchoalveolar carcinoma-derived cells

Silver nanoparticle (Ag NP) Affects the immune system including the liver,
lungs, brain; causes cancerous growth; affects the
reproductive organs, vascular system

heating and/or illumination equipment, as well as the integration of graphene and
fullerenes to improve systems that store energy like batteries and condensers are
further prospects (e.g., solar and wind) (Anikeeva et al. 2009; Ding et al. 2006;
Flandrois and Simon 1999; Frackowiak and Beguin 2002).

It is crucial to realize their prospective movement and effects in air, soil, and
water life as nanomaterials are devised and used. In order to detect and charac-
terize nanoparticles that may be distributed from or integrated into building supplies,
sophisticated analytical resources should be used. They need to measure the amount
that could be toxic to the climate. There is also a need to emphasize environmentally
friendly life cycle engineering of MNMs in building. Further research and investi-
gation are a necessity to ensure that the workers working on the construction site are
safe and that they are minimally exposed to nanoparticles. Work must be undertaken
to ensure that the safe methods of design, manufacture, use, and removal and associ-
ated recycle, reuse, and remanufacturing programs are sufficient, which can increase
the sustainability of both the construction industries and nanotechnology.
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