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Abstract

Of late, nanotechnology has emerged to be a very reliable bridge in trying to club salient fields of natural sciences
on a common platform. Deservedly enough, nanomaterials have enabled numerous unconventional wonders to be
accomplished through their incorporation, either on a singular or on complexed form. However, the rapid strides
being accomplished on a tremendously high speed have sheerly ignored some ground realities in terms of ethical
considerations. Bestowed with unconventional physicochemical properties and material behavior, nanomaterials
are often surprise candidates in terms of their interaction with several other materials. This leads to a significant
difficulty in the discard of integrated structures or individual materials carrying nanomaterials. The emerging threat
of nanotoxicology from interactions thereof has attracted significant attention of environmental conservationists from
the different corners of the world. In terms of physicochemical behavior, it is extremely essential to have a sound
knowledge of the nanomaterial behavior and probable risk assessment. With this background, this review article
sheds light on the behavioral aspects of nanomaterials with a comprehensive recalling of the case studies. The
propositions of novel invention from Indian soil, Survismeter, friccohesity and tentropy have been made for further

strengthening the risk assessment of nanomaterials.
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Nanotoxicology: An Introduction

Nanotoxicology can be defined as the study of toxic effects
emanating from the use of nanomaterials. Nanomaterials are the unique
materials having any one of the dimensions typically falling within the
range of 1-100 nm. They have highly different properties and behavior
from the bulk material due to their characteristically small dimensions.
They have a high surface area to volume ratios and due to this the
physical phenomenon associated with them are highly unconventional.
The dominance of quantum effect begins to occupy the forefront.
Nanomaterials even made up of inert materials like gold or silver etc.
have very unusual properties in the sense that they have high reactivity
and are very differently enabled for different applications, which are
not even visible at the bulk scale. Nanotoxicology can broadly be said to
be the science of engineered nanodevices and nanostructures that deals
with the effects in the living organisms. The field of nanotoxicology
explores the effects of exposure to nanomaterials. Foremost significant
thing about nanotoxicology is to have a sound understanding of
nanomaterial sources in the environment. It is a misconception that
only the laboratory experiments and highly sophisticated, target
oriented activities lead to the generation of nanomaterials. There are
also a significant degree of natural sources of nanomaterials, such
as those of pollen grains, the small, ultrafine particles in smoke,
air contaminants and so many other natural exhaust mechanisms
carrying nanomaterials to a higher or lower extent. Nanotoxicological
studies are intended at determining whether and to what extent these
properties may pose a threat to the environment [1]. For instance, it has
been found that diesel nanoparticles are very injurious to health in the
mice genome and result in cardiovascular complication [2]. With the
rapid and tremendous strides encountered by science and technology
in almost every day to day task of life and the ever dwindling shrinkage
and pressure mounting on the different energy resources of the nature;
the nanotechnological innovations have entered almost every scientific

and technical requirement of the society. To determine the toxicity of
nanomaterials, assays need to be developed that involve the dispersion
of these nanomaterials in the different media. However, this may result
in the appearance of particular kind of toxicities depending on the
nature of surrounding media involved. Determination of toxicity of
nanomaterials in different stages of food chains must be surveyed and
estimated in order to obtain a more appropriate picture of the effects of
the nanomaterials on environment as well as human health.

As a consequence, we must consider about the ethical implications
of the use of nanomaterials and the different pros and cons associated
with it. This is the chief reason for the increasing and stimulating
impetus being received by nanotoxicology in different countries of the
world. The expert committees set up by so many developed economies
of the world like the Environmental Protection Agency (EPA) of USA,
the Expert Committee for Research on Nanomaterials in USA and The
Royal Society of Nanomaterials in United Kingdom (UK); all are ample
proofs of the fact that nanomaterials are a different class of materials
even as waste products and deserve special attention and that too as
early as possible. For understanding the concept of nanotoxicology in
detail, two things are very essential to have an insight upon. First is the
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interaction of the nanomaterials with the environmental components
and the second is the interaction of different nanomaterials with the
living systems. To dig further deeper in this direction, we must be
aware that a nanomaterial is very small and has the rapid tendency
to randomly move, get combined with a number of other different
kinds of materials and segregate under the influence of environmental
fluctuations of physical conditions. The text ahead mentions the nature
of nanomaterials that are threatening to a sustainable development of
nature and the interaction of nanomaterials with the environment in
almost every feasible manner.

Engineered nanomaterials: The core of nanotoxicology

Engineered Nanomaterials (ENMs) are those materials which are
intentionally designed with a view to enhance the performance in
several technological and industrial scale processes [3]. These do not
exist naturally and are thoroughly man-made in their background. This
is why they show the nanoscale effects in an uncharacteristic manner.
This feature makes them special and comparatively special agents for
contributing to the toxicity of nature. These nanomaterials exhibit the
nanoscale phenomenon in an extraordinary manner. For example,
the number of atoms lying on the surface in these nanomaterials is
uncharacteristically high. This makes them behave differently even
when compared to the normal nanomaterials. Due to large number of
surface atoms, the engineered nanomaterials occupy more matter over
the same volume when compared with their bulk scale counterparts [4].
Owing to this, these materials exhibit stronger reactivities and higher
tendencies to get reduced by combining with other materials. This
further makes it more suspicious to give rise to toxicity multiplying
mechanisms. Engineered nanomaterials are basically of two types, viz.
carbon based or non-carbon based; accordingly categorized as being
organic or inorganic in nature. Therefore, it is highly essential to first
understand the variable nature of these ENMs in an elaborative manner
for gaining a sound knowledge of the corresponding interaction
mechanisms propagated by them under the physiological as well as
environmental conditions.

The critical parameters include their interaction with the
components of environment, their tendency to get biodegraded and
bio accumulate in nature. An important aspect of the engineered
nanomaterials is their tendency to get agglomerated and in the liquid
media. They form aggregates which are random in nature and enter
the food chain through aquatic organisms. They persist more in the
sea water and this tendency further results in exhibition of novel
effects as the behavior of aggregated complexes will be significantly
different from those of the individual nanoparticles. These properties
and aspects of engineered nanomaterials present a concrete evidence
of the environmental threats which they can potentially lead to. This
in turn makes the characterization of the engineered nanomaterials
highly urgent and it also necessitates that the synthesis process
should be manipulated in such a manner that a better control over
the properties and the potential risks for environmental deterioration
can be exercised. For instance, carbon nanotubes can be prepared by
different methods and these are significantly different in terms of their
chemical and physical behavior and as a result exhibit highly diverse
ecotoxicological properties (Figure 1) [5-8].

Diversified Interaction Patterns of Nanomaterials

With the technological breakthroughs enabled by the optimized
application of different nanotechnological interventions, there seems to
be awide gap prevailing between a proper understanding of the potential
threats manifested in the technological wonders of this technology

Figure 1: The diverse categorization of nanomaterials on the basis of their
hierarchical makeup.

with reference to damage of environment and health [9-12]. As this
technology centers around miniaturization, so it often results either in
the wastage or the requirements of highly sophisticated inputs; going
by the very basic structural and designing aspects of the nanostructures.
Off course, this does not cover the related unintentionally created
random nanomaterials. However, nanomaterials, inherently due to
their small size; pose some serious health problems. For example, they
go unnoticed by the barriers (e.g. skin) of human systems. This is further
rendered difficult to be borne, owing to the functionalization possessed
and surface modification of the overall molecular arrangements. In
some situations, the hydrophicity incorporated becomes the surprising
facilitator by virtue of the lipidic solubility of these carriers [13-15].

Habitat mediated impacts of nanomaterials

Aerial interactions: Air seems to be very first and obvious
environmental zone through which a material exerts its environmental
effect. The behavior of nanoparticles in the air is influenced by several
factors, which, in turn, have a strong influence on their chemical and
physical aspects. The major reasons for the nanomaterial initiated
problems seem to be the consequences of the respective time duration
for which nanomaterials remain suspended in air, the effect of
gravitation and the corresponding sedimentation rates which, in turn,
is dependent on their size and respective chemical compositions. The
resulting aspects of the nanoscale hazards are manifested in their
combining capacity and the inherent attribute of getting agglomerated
to give rise to complex geometries and morphologies. However, almost
all of these factors seem to be very precisely modulated through the
fluctuations in the environmental conditions. As an instance, it is
very well known that the composition of air is highly variable in
different places of the world, which renders the toxic effects to be
differently expressed in humid atmospheres and coastal areas, those
in unfamiliar conditions being far more vulnerable [16-18]. Even
though, the procedures for gathering all complex and minute details
regarding the chemical behavior of the ultrafine particles are well
understood and established [19], yet whether all these analyzing
procedures are applicable to study nanomaterials with reference to
their key physicochemical properties, is significantly unconfirmed till
date. Interestingly, nearly all of these complications seem to be build
up on each other, primarily due to the highly diminishing dimensions
of nanomaterials which manifest themselves in their rapid escaping
tendencies and they remain unnoticed even after sufficient time lapses.
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For instance, the specially coated metal oxide nanoparticles are often
engineered to alter their surface behavior and kinetic aspects. These
modifications significantly alter their behavior and resultant chemical
and physical interactions.

At or around the nanoscale, the size regime has a sharp bearing on
the aerial behavior of the nanoparticles. The rate of molecular diffusion
of the particles is normally inversely proportional to the diameter while
that of the gravitational settling varies directly with the mean diameter
of the particles. Particles with diameters less than 80 nanometers are
highly small and they have the tendency to agglomerate. However,
these get settled due to gravitational impacts and are therefore not
significantly harmful. Similar is the story with nanomaterials of
diameters greater than 2000 nanometers. However, the chief culprits
are the particles of intermediate size. They have their diameters varying
from 100 to several thousands of nanometers. These have a tendency
of getting accumulated and remaining suspended in the air for the
longest durations. Further, their removable can be accomplished only
after deposition on specific surfaces which is a slow, gradual and a
specifically monitored process [20].

Terrestrial interactions: Soil is characterized in terms of
terrestrial ecosystems, the largest geographical domain contributing
to the biodiversity. The ultrafine and highly small scale dimensions
of nanomaterials tend to further complicate the interactions of
nanomaterials with soil. The behavior of nanomaterials as toxicants
via their interactions with soil is extremely tough to be analyzed
because of highly diverse nature of soil particles in so many different
chemical and physical forms. The interactions of nanoparticles with
nanomaterials are highly different and unpredictable in different soil
textures such as that of soil media, soil organic matter, soil solutions
and soil pre-existing wastes. Owing to their unprecedented and
unexpected chemical properties, the nanomaterials really present a
very gloomy picture in terms of their handling, transport and toxic
effects. Their interactions with different forms of soil are further
highly different. To add to this the significantly different nature of
soil components has a very important role in further transport of
nanomaterials. The most surprising and daunting task is encountered
when the nanopollutants and wastes combine with organic materials
present in the soil. This makes their morphology even harsher; thereby
amplifying the associated environmental threats [21]. The deposition
and settling of nanoparticles within the larger soil particles and then
the bioaccumulation via entry through food chains in animals and
plants has been of considerable concern. Due to their highly small
size, nanomaterials get absorbed by soil particles and ultimately move
faster than larger particles. This leads to the eventual entrapment of
the soil particles inside the soil matrix. However, this is not always the
case since this absorption is influenced by the critical physical features
of size, chemistry, surface functionalization and the corresponding
mode of preparation. Numerous attempts have been made towards
the estimation of the relative motions of the entangled and absorbed
nanomaterials and the study of insoluble particles in terms of their
behavior at the nanoscale [22-24]. The interaction of nanomaterials
with the soil is also critically influenced by the nature of the soil. This
is particularly interesting with respect to the study of the interactions
of colloidal mineral nanoparticles with the soil. This is because these
particles are charged due to their reactive nature and physical methods
of formation which ultimately adversely affects their gravitational
settling in the soil concerned [25].

To add to this are the interesting surface properties of the
nanomaterials. Nanoparticles are photoactive and catalytically active

in nature [26,27]. When these particles are entangled with soil particles,
upon incidence of sunlight, they form complexes and aggregates with
the soil particles. This further amplifies their segregation and settling
abilities, leading to critical consequences as nanoparticles get absorbed
by soil and are consequently ingested by plants. From here, they enter
the food chains and manifest themselves as threatening interferers to
the ecosystem. The behavior of soil which has absorbed nanoparticles is
also conventionally very different. They are not even biodegraded due
to their complex chemical nature and have a tendency of persistence.
To sum up, we can say that the minute size of the nanomaterials
accompanied by complex surface behaviors are the most potent threats
to the environment.

In humans, the nanoparticles of metal oxides have been shown to
cause oxidative damage by stimulating the generation of free radicals.
Studieshavereported the toxic effects of the polystyrene nanoparticleson
the blood cells, which acutely affect the mechanism of thrombogenesis.
Similarly, significant threats for the transition metal oxides to human
lung epithelial systems have also been reported. Metallic oxides such as
those of zinc oxides, titanium oxides, cerium oxides have been found to
cause serious damage on the endosomes with the concurrent generation
of Reactive Oxygen Species (ROS) [28-30]. In a concurrent sense,
Copper Oxide (CuO) nanoparticles have been found to cause some
of the most threatening toxic effects, resulting in significant oxidative
damage to DNA through the stimulation of oxidative lesions [31,32].
The eventual fate of the particular kind of nanoparticles in a particular
terrestrial environment is determined not only by the corresponding
physical and chemical properties. This is owing to the fact that after
being present in soil; individual nanoparticles become soil entities and
attain relatively more complex surface morphologies [33]. In fact, the
nature of a particular soil also has a significant influence in deciding
the ultimate fate of the nanomaterials in the environment. Various
soil factors including those of pH, ionic strength, zeta potential and
soil texture seem to be of paramount concern in deciding the eventual
fate of the nanoparticles being released as wastes in a particular kind
of habitat [34-36]. In plants, nanoparticles of Zinc Oxide (ZnO) in
particular, have been reported to induce toxicity and subsequent
inhibitory effects on growth. As far as transport of nanomaterials
through terrestrial organisms is concerned, it has been reported that C.
elegans is a nematode that is actively involved in contributing towards
the toxicity and bioaccumulation of nanoparticulate metallic oxides. An
active uptake of ZnO, ALO,, TiO, and Ag nanopatrticles by C. elegans
has been reported to be a vital cause for decreasing reproduction and
inhibition of growth [37,38].

Aquatic interactions: Aquatic nanotoxicology is rapidly
assuming significant proportions in the domain of toxicity evaluation
of nanoscale wastes. This is inherently due to the different types
of interactions of nanomaterials with water than those which are
exhibited, when they are not in the range of nanoscale dimensions.
The interactions of nanoparticles with water remain the key to
evaluate their corresponding aquatic toxicities. Aquatic nanoparticles
encompass not only the particles that are present in large scaled water
reservoirs such as those of seas, oceans and lakes but also which remain
suspended in air and come to earth in the form of rain. In general,
it has been realized that these nanoparticles settle at a far lower pace
than their terrestrial and aerial counterparts, due to the exertion of up
thrust in liquids. These aerial nanoparticles, due to their exceptional
photo-labile attributes, interact with sunlight while traversing
with rain, as a result of which complication with biotic and abiotic
components of environment further complicates the eventual fate
of nanomaterials. Along the surface, the abiotic degradation occurs
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which dominates the exposure to sunlight. These photochemically
induced reactions are the governing factors for environmental fate of
nanoscale toxicologies of these particles. As a consequence of these
reactions, physical and chemical properties of the nanomaterials get
significantly altered, eventually manifesting in the form of their altered
and unpredictable behavior in the water bodies. This behavior may also
include the risks to aquatic biodiversity and deterioration of aquatic
habitat. As far as aquatic toxicity of the nanomaterials is concerned,
prevailing literature reports suggest that aquatic invertebrates are
the most vulnerable organisms of threats since they traditionally
suffer the most via environmental contaminants [39,40]. Studies
with nanomaterial toxicities in aquatic organisms have reported the
corresponding genotoxic as well as ecotoxic effects. In this direction, a
number of worthy research efforts have reported the harmful impacts
of transition and semi-metallic oxides like those of cerium dioxide,
silicon dioxide and titanium dioxide on the various living aspects
of the aquatic organisms in significant detail. Interestingly, cerium
dioxide (CeO,) nanoparticles have been found to be associated and
responsible for DNA damage in most of the aquatic organisms when
evaluated. The combined effect of silicon dioxide and cerium dioxide
nanoparticles on the aquatic organisms has led to the finding that
both these inorganic metallic oxides increase the mortalities in aquatic
organisms. In particular with D. magna species, a significant risk for
DNA damage and the reduction in the reproduction capacity was
found in the members exposed to cerium dioxide nanoparticles [41].
Other than this, a number of threats have been reported attributing to
the discharge of silver nanoparticles in aquatic bodies. Nanoparticles
of silver have been found to induce edema production, abnormalities
in the spine, fins, heart, brain and eyes have been reported; providing
significant information that nanoparticles of silver are highly toxic to
aquatic life [42].

To summarize, we can say that the complex interactions between
nanomaterials and the biosphere makes the nanomaterials very
tough customers, which can have extremely deleterious effects on the
biodiversity possessed. The resultant toxic interactions culminate in not
only the nature getting more and more contamination and vulnerable
for infection but also makes the surrounding environment far more
risk prone to their threats.

Interaction of nanomaterials on the human systems

The significant risks of nanomaterials in humans have been mainly
postulated to mature through interactions with skin, respiratory and
gastrointestinal tracts. Following are the brief consequences of the
minute interactions involved:

Interaction with skin: Skin is the outermost layer of the body
that interacts with any foreign material. Skin is normally composed
of three distinct layers, viz. epidermis, dermis and subcutaneous layer.
The outer layer of the epidermis, also known as Stratum Corneum
(SC) covers the entire outside surface of the body and the layer is rich
in keratinized tissues. In routine, skin comes in contact with several
toxic materials of diverse backgrounds. However, it is the presence of
keratin rich regions which prohibit the entry of toxic materials across
the inner layers of the skin. The SC layer is mostly composed of dead
cells and is keratin rich in nature. The morphology of skin tissues is
different throughout the body. This is due to the fact that the outermost
epithelium tissue is prevalent in different shapes across the different
body tissues and these shapes are mostly due to functional distinctions.
Most of the mammals have their skin covered with small hair like
follicles. These hairs make the entry of most minute materials restricted
through the passage across them. The studies based on interaction of

foreign materials with the skin have mostly focused on the potential
analysis of the drug delivery vehicles being commonly used. These
include the solid-lipid nanoparticles, microscale emulsions, titanium
dioxide micro and nanosized particles and some liposomal preparation
on the microscale (Figure 2).

The easiest and most susceptible route for the interaction of
nanomaterials with the skin is through the application of tropical creams
and several other drug administration routes [43-46]. For instance, the
use of silver nanoparticles for the surgical dressings and the bandaging
of wounded parts have been suggested but it is not beneficial in entirety
and there are still some ethical concerns which pose a matter of serious
debate and concern over their acceptance. In case of titanium dioxide
nanoparticles, studies have shown that these nanoparticles can easily
overcome the keratin barriers of the human skin and can reach even the
epidermis and dermis. The strong interactions of the titanium dioxide
nanoparticles, which are almost regular ingredients of most of the
sunscreen creams and the conventionally used body lotions, with the
internal layers of the skin, are highly critical for the further growth and
development of new skin cells. Not only this, these nanoparticles can
even induce mutations at the genetic levels through this exposure route.
The problems of skin contraction and those of allergies are frequent in
persons prone to the use of sunscreens and skin care cosmetics. The
concerned risks assume even more severity when we talk about the
heterogeneous nanomaterials with highly diverse physicochemical
properties and surface morphologies. Studies have shown that these
particles can cross the entire SC layer and get deposited in the dermal
and epidermal tissues. In a related study involving the treatment of skin
burns with silver nanoparticle coatings, it has been found that such
patients suffer from abnormal levels of silver in their bloodstreams
and due to this they suffer from a number of skin related problems.
The most popular are adverse coloration of the skin and the irritating
allergies [47]. Similarly, pertinent toxicities have been reported with
fullerene based nanopeptides, having high penetration power and
getting propelled by outer skin layers into the dermis [48]. Quantum
dots and other carbon based structures have been shown to interfere
with lymphatic systems and the other lymph nodes in the body, leading
to diverse health conditions [49,50].

Thus, in all we can say that interactions of nanomaterials with the
skin are highly complex and pose significant risks that are priorities to
be analyzed.

Interaction with respiratory tract: Respiratory system is the
second fundamental physiological compartment, after the mouth of
the living systems that an inhaled particle encounters after gaining
entry into the body. With no gravitational affects dominating, the
dynamic flow regimes and size-dependent physicochemical behavior

Stratum Corneum
Epidermis

Papillary Dermis

Reticular Dermis

Hypodermis

Figure 2: An overview of internal morphology of skin.
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of nanomaterials; there is a significant risk amplifying and augmenting
the toxicity of nano-pollutants, upon being inhaled via the process of
respiration. However, due to subtle differences in the size, chemical
composition, surface morphology and particle dynamics, the behavior
of nano-pollutants inside the living systems is extremely unpredictable.
This makes the hazards from nanomaterials even more vulnerable.
The nano-dimensional particles behave very differently from their
normal counterparts of higher size limit due to which these can’t be
retained or restricted and are eventually washed away with the upper
airway pathways of the muco-ciliary systems. Particles less than 2.5
micrometers in size can go down and finally get deposited in the alveolar
sacs. The ultrafine particles below the dimensions of 100 nanometers
have a tendency to get deposited in the alveolar region [51,52].

Eventually after their absorption through lung epithelium,
nanoparticulate impurities travel to the blood and lymph and
ultimately invade the lymph nodes, spleen, bone marrow and cardiac
system components. The respiration mediated toxicity of the nano-
dimensional particulate matter is specially considered under the
terminology of pulmonary toxicity and is affected by a number of
parameters other than the particle size. These factors are as mentioned
ahead:

1. Concentration and the size distribution of the particles in the
final formulation

2. Dosage of such particles with respect to a particular tissue.
3. Surface charges on particles.

4. The degree to which the particular particles agglomerate or
coalesce.

5. Method of synthesis of the particles involved, which may
vary from solid-phase or liquid-phase synthesis of the overall
particle formulation and the overall surface modification.

6. Surface treatment of the particles with respect to their
applications, particularly in the case of engineered
nanoparticles.

The invasion upto this much extent by the ultrafine particles
ultimately, leads to the coagulation and obstructed blood flow which
inhibits the overall coordination in the body (Table 1) [70-72]. Studies
have proved that there is bio-persistence of silver nanoparticle based
impurities once they gain entry into the bodies through respiration.
They have been shown to persist in alveolar macrophages for nearly
seven days and found as precariously toxic to alveolar macrophages as

Nanoparticle Type Source

Silver nanoparticles

Produced as pigments used in paints,
coatings, plastics, inks, foods, cosmetic

Titanium dioxide nanoparticles
products, pills etc.

Carbon based nanoparticles: fullerenes,

carbon black and carbon nanotubes R
anthropogenic sources

Molybdenum, iron oxide, aluminium Oxide
and cerium oxide and Silicon based
nanoparticles

Polymeric nanoparticles
research

Heterogeneous nanostructures: quantum

dots, nanodevices etc. advanced detecting methods

Mining activities, industrial activities,
incineration of biomedical wastes

Byproducts of poly aromatic hydrocarbons

formation, celestial activities, natural and

Automobile fuels, mining and metallurgical
operations, research activities, dust storms etc.

Biomedical applications, conjugated assay

Diagnostic assays, sensing materials, probes,

well as lung epithelium tissues [72,73].

Interactions with gastrointestinal tract: Nanomaterials can
reach to the gastrointestinal tract either after getting muco-ciliary
clearance from the upper respiratory layers or directly through
ingestion of food, water, drugs and drug delivery devices. The research
investigations showering light over the toxic effects of nanoparticles
over the gastrointestinal locations in the living organisms remain
hardly numbered. Toxicity of copper at the nanoscale in mice has been
reported and it has been shown that copper when assimilated in the
nanoscale results in the pathological damage to liver, kidney and spleen
[74]. Similarly, the occurrence of skin discoloration has been reported
with the possible reason being the absorption of nanoscale colloidal
silver from the intestinal tract [75]. Fluorescent labeled polystyrene
nanoparticles have also been reported to be prevailing in intestinal
lymphatic tissues, and observed to be severely implicated in Peyer’s
Patches [76].

Detection and Analysis of Environmental Nanoparticles

Nanomaterialsin theenvironment (air, soiland water) are very tough
candidates to be analyzed for, not only due to their uncharacteristically
small size but also due to uncertain physical and chemical interactions
with other materials in the environment. A number of sophisticated
as well as extremely fundamental microscopic and spectroscopic
techniques are currently employed for the detection of nanomaterials
in the environment. These include the scanning and transmission
electron microscopies, the confocal and phase contrast microscopic
analysis and the structural investigation tools of nuclear magnetic and
infra-red spectroscopies along with their specified variants to elucidate
the respective elemental compositions. One specific aspect of all these
characterization techniques is that each of these requires unique sample
preparation. Moreover, in general, the toxicity of nanomaterials is an
implicit tendency of engineered nanoparticles. This is so because in
their native forms, nanomaterials are already present in a significant
proportion and are well confronted with respect to minimize their
toxicities. Intentionally designed or engineered nanomaterials
sometimes possess some additional materials on their surfaces which
make them tough candidates for characterization. Interestingly, in
some situations, nanoparticles are deliberately deposited on the surface
to impart the specific functionalities, even though they are not at all
harmful. This signifies that nanomaterials are not risk posing entities
in all the configurations. Thus an appropriate distinction in between
functionally useful and potentially toxic nanoparticles is needed to be
made so as to clearly understand and confront the likelihood threats.

Potential Risks Involved References
Oxidative stress, apoptosis, necrosis of cells,
. ) [53-55]
altered cell signaling.
Oxidative stress, retarded cell growth [56-58]
Retarded cell growth, decreased cell viability,
o . [59-61]
oxidative stress and apoptosis
Oxidative stress, cytotoxicity, hemolysis and [62-66]
cell death
Oxidative Stress, inflammation, alteration in
L [67]
cellular morphology and functioning
Chromatin condensation, free radical
formation, arrest of cell growth and [68,69]

sometimes even cell death

Table 1: An overview of mainly employed nanoparticles with their potential sources and toxicities.

J Microb Biochem Technol

Biomaterials: Biosensors and Nano Technology

ISSN:1948-5948 JMBT, an open access journal



Citation: Malik P, Mukherjee TK, Singh M (2014) Biomedical Nanotoxicology and Concerns with Environment: A Prospective Approach for Merger with
Green Chemistry Enabled Physicochemical Characterization. J Microb Biochem Technol S9: 001. doi:10.4172/1948-5948.59-001

Page 6 of 14

Toxic nanoparticles or nanomaterials may include nanoparticles
generated by burning of fossil fuels, wastewater treatment processes,
drainage seepage problems or from soil-erosion and metallurgical
complicacies. The key parameters for characterization of a nanomaterial
span from particle size, shape, surface areas, chemical configurations
and ultimately physico-mechanical aspects like those of hardness,
softness, brittleness, ductility, porosity etc.

The techniques available for characterization of nanomaterials are
extremely diverse and are applied accordingly on the basis of properties
and sources of the nanomaterials to be examined or analyzed. For
example, the analysis of airborne nanomaterials requires far lesser
preparation as compared to those from the soil where we have to
deal with a great deal of heterogeneous surface treatments. In case
of source being the soil, we have to go for elaborate procedures for
isolation of nanoparticles from the mixtures containing many other
materials of different morphologies. Another major factor affecting the
characterization of natural nanomaterials is the nature of information
required. For instance, Scanning Electron Microscopy (SEM) and
Atomic Force Microscopy (AFM), which give information about
the surface configurations, require very different sample preparation
when compared to Transmission Electron Microscopy (TEM), which
fetches the details of internal structure of a material. Sometimes the
nanoparticles are complexed with materials that are either natural or
anthropogenic in background, such that it becomes difficult to isolate
them. In such cases, the characterization of the nanomaterials can’t be
presumed to be carried out properly. The most challenging situation
is encountered while dealing with engineered nanomaterials because
for them the analysis and characterization procedures are highly
sophisticated and necessitate the analysis of single particles.

The chief methods available for isolation of nanoparticle
fractions from the different liquid media include size exclusion
chromatography, membrane filtration, ultrafiltration, centrifugation
and several others with varying principles [77-80]. The first level of
characterization of nanomaterials commences with the application
of scanning and transmission electron microscopy techniques which
give us vital information about the surface morphology, size of the
nanoparticles and the chemical composition of mounted samples
in a vacuum environment. The estimation of particle size in liquid
mediums via online modules can be obtained by the technique of
Dynamic Light Scattering (DLS) [81]. In addition, there is another
module of spectroscopy known by the name Inductive Coupled Mass
Spectrometry (ICP-MS); which is a very efficient means for obtaining
the corresponding chemical information [82]. For the determination of
extremely crude nanomaterials as single particles, another spectroscopy
technique is popularly used that is known by the name Single-Particle
Laser Microprobe Mass Spectrometry (LAMMS) which can provide
critical chemical composition information about single particles
isolated from collected fractions [83].

X-ray absorption spectroscopy is another module that gives us
vital information about the biotransformation of charged nanoparticle
species those is present in combination with other materials. This
method tells about the change in oxidation state of the nanoparticles
as a result of their increased biotransformation tendencies and the
corresponding composition in the vicinity of a particular analyte.
Studies using this technique have proved the existence of cerium oxide
nanoparticles in the soybean tissues with no biotransformation [84].

Biochemical Fate of Nanoparticles in the Natural
Environments

In addition to the impact of various nanomaterials within the
domains of biodiversity on the earth, the final phenomenon of
biodegradation, bioaccumulation and biological persistence must
also be given a sound consideration. These are the natural processes
that happen to every material that has been discarded. Now how these
events shape up for nanomaterials is really interesting. The reason
for this auspicious interest in nanomaterials is obviously due to their
unusual material properties which not only makes these materials
small but a special kind of small. Biodegradation and bioaccumulation
are some natural characteristics of a material. These are therefore
highly dependent on physical and chemical properties of the material
concerned, its structural features and mode of synthesis as this has a
mark on the final complexity of material, in case of nanomaterials. The
text ahead mentions some key biodegradation and bioaccumulation
routes associated with those of nanomaterials.

Biodegradation of nanomaterials

Biodegradation can be simply defined as the phenomenon by which
a material gets degraded through biological agencies, after it has been
discarded as waste in the environment. This is a completely natural
activity and involves some unique microbial actions which result in the
conversion of a discarded material into an environmentally recyclable
form. This is performed mostly by parasites and saprophytes, which are
therefore labeled as natural scavengers of the biosphere. If a material is
not biodegradable it has a tendency to persist in the environment and
get manifested as a toxic material, either by entering the food chains via
plants or animals or by mixing with other wastes in the environment
and getting chemically complex in their nature.

When nanomaterials or nanoparticles discarded as waste are
biodegraded, they get broken down into still smaller forms; resulting
in significant changes in their chemical and physical properties as well
as their surface characteristics. Of late, with the realization of toxic
effects and aftermaths of the nanomaterials, efforts and studies for
evaluating the biodegradation of the nanomaterials have received a
considerable attention. A large number of nanomaterials, currently in
use, are composed of inherently non-biodegradable materials. This is
chiefly because of the complex chemical composition of these materials
that includes inorganic metals, their oxides, ceramics and their further
complex analogs which in native forms do not undergo biodegradation
easily. Interesting studies based on the degradation of fullerenes have
suggested that after a period of twelve hours, fullerenes are metabolized
by wood decaying fungi, hinting that fullerenes are biodegradable [85].
Otherwise with the ever increasing threats to the environment, the
biodegradability of nanomaterials has become a serious concern and
has a strong bearing on their properties and chemical backgrounds.
There is a key role of the nanomaterial toxicity and biodegradability
in the wastewater treatment strategies also. Often, nanoparticles of
transition metals are employed for waste water treatment since they
have good catalytic properties. Unfortunately, these nanoparticles
form aggregates or lumps and exert toxic effects on the degrading
microorganisms in the waste water stream including those of bacteria
and fungi. Studies with fullerenes creating this sort of disturbance,
in the form of colloidal structures during the aerobic and anaerobic
treatment of waste waters, have been reported [86,87].

Bioaccumulation and persistence of nanomaterials

There is an increasing tendency of nanomaterials to exist and
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persist in nature. This is largely due to their unique physicochemical
properties, the absence of gravitational influences in nanomaterials
and their unpredictable and sometimes farfetched interactions with
other materials in the nature. Nanoparticles of different background
have been observed to get bio-accumulated and magnified in food
chains through the biotic components of an ecosphere such as bacteria,
fungi, humans and even in the plants through the absorption by
several routes [88]. The tendency of settling and reaching saturated
inertness is almost absent in nanomaterials as they are extremely
small in size and are free from any gravitational controls. Sometimes
nanoparticles attain more complex configurations by combining
with numerous other micro and macro scaled particles. The reason
behind toxic effects is the existence of only these combined forms of
the nanomaterials, which are highly unstable and keep on participating
in different chemical reactions in one way or the other till they finally
attain a stable minimum energy configuration. Moreover, the change
in environmental parameters further complicates the toxicities of these
reactive nano-complexed materials. The influence of temperature, pH
and pressure on the behavior of these heterogeneous nanostructures
is very delicate and makes them potent toxicological customers. This
has been observed very evidently in case of iron nanoparticles which
change their oxidation states by engaging in enzymatic redox reactions
that eventually result in changing the oxidation states, chemical
properties and ultimately the interaction behavior of the metal [89].
Biological persistence of a material in nature can be understood in
terms of its inherent ability to exist in the nature for indefinitely longer
durations, either in native or in combined forms. This is very critically
dependent on the natural phenomenon of biodegradability. More
is the biodegradability of a material, lesser will be its persistence and
vice-versa. The influence of photochemical factors on the complexed
metallic nanoparticles also has a significant impact on their integrated
biological activities as the photochemical impact could have a strong
bearing on their structure-dependent functional attributes.

Risk Assessment Strategies for Nanotoxicology

Risk assessment of nanomaterials broadly deals with the estimation
of the potential threats of the nanomaterials to the environment as well
as the diverse living organisms spanning the life on earth. With the
rapid and almost blind race in terms of scientific and technological
interventions in different walks of life, the exposure to nanomaterials
has multiplied and has reached almost an unavoidable stage. The type
of nanomaterials responsible for toxicity manifestation can vary from
natural to man-made and even to the engineered morphology. It is
surprising to recall here that all the nanomaterials are not harmful and
induce the toxic effects. Some nanomaterials have been in use since
ancient times like those of carbon black and titanium dioxide and
possess low toxicities. The fact that smaller a material, the greater is
its toxicity is not always true and needs a fresh consideration. In this
sense, we can say that nanomaterials are twisting in their biophysical
and physicochemical attributes in fluctuating manners, which are
sometimes harmful depending on their usage and concentration while
at other times; they do not possess any major risk. So far as proper and
detailed reliable risk assessment information on the nanomaterials is
concerned, there is no well documented literature being reported till
date, thereby leading to the speculations of several misconceptions
roaming around in the scientific minds. For nanomaterials to pose
a risk there must be a potential for both exposure and a hazard, that
in conventional terms is known by the name toxicity. Exposure to
nanomaterials varies in accord with the corresponding source, which
can vary from a research laboratory to a hydrocarbon industry,
petrochemical industry and semi-conductor engineering companies

and so on. Other than the source, the parameters affecting the
exposure to the nanomaterials include their transporting carriers via
different natural agencies, their persistence in the environment and
the further existence of segregation and entanglement. Most of the
studies conducted to ascertain the exposure to nanomaterials with
respect to an assessment of their consequent toxicities, have focused
on their aerial transport. The studies on direct interactions via dermal
exposure or by active transport are far too limited in number [90,91].
In a similar manner, the hazards of nanomaterials have also been
analyzed to a very local aspect; majorly highlighting on their possible
transport mechanisms through lungs and related respiratory organs.
The primitive work regarding the toxicities of nanomaterials has dealt
with their possible risks while being used for cancer treatment and
drug delivery applications in the biomedical domain. Very recently, the
focus of interest has shifted to study the same in bacteria and aquatic
organisms. The use of certain specialized nanostructures like fullerenes
and quantum dots for highly diverse applications, ranging from drug
delivery to accurate damaged tissue diagnosis has also been seen as a
significant breakthrough. Here engineered nanoparticles are preferred
as their surface needs to be tagged with the hydrophilic groups to
make them compatible with the drug molecules and also with the body
systems. Besides biomedical domain, a number of advanced industrial
operations and mechanisms, involving the functionalization of carbon
nanotubes, the incorporation of fullerenes is a profuse dimension for
complication of nanoscale hazards. The facts like for how long these
nanostructures will persist within the human bodies, how will they
be cleared out of the body, the possible altered cellular responses they
may lead to, need to be properly and logically answered if we are to
know about the toxic responses generating from these interactions.
Some nanomaterials become toxic by means of aggregation and
coalescence while others become beneficial for the intended use in the
living systems. For instance, carbon based nanostructures when get
aggregated are tougher to clear the respiratory barriers. On the other
hand, fullerenes, show higher solubility and improved antibacterial
properties when aggregated in aqueous environments [92].The
unprecedented use of nanomaterials which have undergone exhaustive
surface modifications, remains one of the most challenging feature to
be analyzed. Thus, determining the nature and specific details of cellular
and environmental response associated with a particular nanomaterial
remains the first and most important step in assessing potential risks,
on the basis of which, design and usability prospects can be modulated.

Parameters and focus of risk assessment

Health and safety issues regarding the use of nanomaterials in
several applications have become a very serious issue of concern until
recently. The first issue of susceptible toxicity was reported with a
German product known as Magic Nano Spray [93]. Fortunately, further
investigation revealed no active participation of the nanomaterial in
the hazard concerned. Nevertheless, the hype of the topic created some
unnecessary and illogical misconceptions. Moreover, with majority
of technological aspects being still in the infancy stage and the public
perception not being so strong and supportive, the commercial
acceptance of the nanotechnology in devices has witnessed a widespread
reluctance. In some countries, due to little knowledge about the
possible pros and cons, environmental conservation organizations and
related movements (stimulated by political influences) have been even
forcing for a complete ban on the use of nanomaterials. To address
the mounting trouble, US Environmental Protection Agency (EPA)
has suggested some risk mitigating strategies for the possible control
and arrest of uncertain nanotoxicological issues. The very basic issues
that have been assumed as the backbone or platform for the design
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Identification of Nanomaterial
Toxicology

Exposure Assessment:

Hazard Assessment:

Particle behavior, routes of entry, Chemical composition, particle size,

use overall product structure, shape and properties

Risk Assessment:

Effects of nanomaterials, their types

and possible management

Figure 3: An outline of the nanotechnological risk assessment.

of ethical measures have been laid on the basis of uncertainty in the
behavior. The proposed suggestions by EPA include the analysis based
on probabilistic modeling and predicting the possible structure-activity
relationships through (QSAR).

The key to develop a strange hold tap on the adverse effects of
nanomaterials is to have a sound knowledge about their possible
physical and chemical behaviors in the nature. This has been a very
tough issue for consideration because there are a number of factors
which decide about the particular kind of response of a nanomaterial
at a particular concentration, in a particular environment and on
particular parameters of environment. Now, when we come to analyze
these issues with respect to the nanomaterials, we find that which
factors need to be taken as more important and which others could
be negotiated with, is a tough and risky choice. That is why models
proposed by EPA during its latest suggestions were found true only with
respect to the conventional large scale materials and are not feasible
to explain the behavior of nanomaterials [94]. The International Risk
Governance Council (IRGC) has given a detailed set of guidelines for
the global risk governance of nanotechnology.

It has also postulated some guidelines for the drafting the
experimental models in context with the prediction of behavior of
different nanomaterials with reference to analysis of their potential
toxicities (Figure 3).

Precise and More Effective Sensing Strategies for
Nanomaterials: Current Advances

Having gained such a deep insight regarding the likelihood
mechanisms which can peculiarly render a nanomaterial deleterious
from the point of view of healthcare and environmental persistence,
the platform is very rife to know about the characteristics shaping up
the corresponding toxic responses of nanocarriers in the particular
domain of drug delivery. Interestingly, most of the nanocarriers
employed or engaged for the application of drug delivery carry their
active ingredients in dispersed form or in associations which could
favor stimuli triggered targeted release. It is the medium through which
nanoparticles exert their characteristic influences, in terms of their
molecular motions which are, in turn, specifically dictated by their
unique and characteristic interactions and mutual energy exchanges.

Therefore, it is highly logical to study the interaction properties of
dispersed nanoparticles, to structurally track and elucidate their
medium-interface imposed and contributing behaviors.

In this reference, literature is enriched with very interesting
contributions predicting the rationality of physicochemical
characterization pertaining to the determination of nanomaterial
toxicity [27,95-99]. Almost all of these worthy literature contributions
pinpoint to some major aspects, ranging from size, shape, aspect
ratio, surface area and finally to surface functionalization. Figure 4
gives a glimpse of all these vital fundamental aspects along with the
corresponding predicted aspects these can lead to. However, the
turning point of the overall story, remains the fact that most of the
conventional physicochemical properties in case of engineered or the
so called presumably risk prone nanomaterials dictate the element
of unpredictability without actual contact with the living cells. This
leaves us with an equally poised task to study the interaction of
nanocarriers with living organisms under varying conditions. Several
research attempts have used nanoparticle encapsulation, nanoparticle
conjugation and nanocarriers in the form of nanoemulsions,
nanosuspensions, nano liposomes to deliver the drug of interest to
the desired location with an objective to maximize its concrete action-
mechanism driven pharmacological ability. The question looming high

Figure 4: Schematic view of a typical Survismeter instrument.
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is the fact that how the very basic and preliminary liquid based physical
properties of surface tension and viscosity are affected from the point
of view of a healthy and fit physiological environment, when these
unconventional or rather functionalized nanomaterials exert their
characteristic activities in due course of time under the physiological
and thermodynamic barriers.

It would be of immense interest if we create the living conditions
(corresponding to temperature, pH and cellular environment) and
compare these physicochemical properties after the nanomaterials
interact with the cells under this created environment. The
presumption behind this is that nanomaterials, because of their
engineered morphology, undergo numerous fluidic interactions
under the physiological constraints and get aggregated. Under these
conditions, it is of further interest as upto how long these nanoscale
assemblies persist within the bodies of living organisms. Interestingly,
here the most important aspect of studying the interactions of these
nanomaterials remains the consideration of the possibility that if the
energy of these presumed combinations is decreased, the stability of
these complexes would be maximized, thereby making them persist for
further longer durations and complicating their elimination from living
systems. Studies have already focused, repeatedly over the fact that the
persistence of engineered nanomaterials within the body results in the
problems of oxidative stress and related inflammatory responses and
many more complications of different nature.

Under such a scenario, it has become immensely urgent to correlate
the dependence of proposed toxicities with the concrete alterations on
the highly localized specific and sensitive fundamental physicochemical
riders of liquid mixtures, which are almost concurrently studied
through the surface tension and viscosity. With respect to these
interesting presumptions, a novel invention from Indian soil proves
to be a remarkable breakthrough from the point of view of toxicology
study through entirely green chemistry based approach. This invention
has been coined the name as Survismeter, by the inventor. The
instrument has a two-tier provision for the measurement of surface
tension and viscosity and it also measures the interfacial tension of
solutions in context of specific local chemical environments [98-
101]. On the basis of these primary parameters, a whole range of
essential secondary physicochemical parameters including those of
binding energies, wetting coefficients, surface excess concentration,
friccohesity and tentropy can be ascertained; thereby conveying vital
information about the probable effects, the nanomaterial dispersions
can lead to. This invention serves as the backbone for the assessment
of interactions of different materials with various solvents and at
different temperatures. The immensely beneficial task remains the
fact that through the estimation of physicochemical parameters, one
can estimate the medium which would be suitable for the proper
distribution of pharmaceutical ingredients of the engineered medicinal
formulations.

The technical aspects and the fundamental working mechanism
has been discussed in a comprehensive manner by the inventor himself
through a compilation of 2006, reported in the Journal of Biophysical
and Biochemical Methods. This compilation discusses the functional
aspects of Survismeter working with respect to the measurement of
surface tension and viscosity [98].

At once, one of these parameters can be measured. Figure 4
represents the typical model of a Borosil Mansingh Survismeter (BMS).
To begin with, the sample is injected into reservoir bulb section till it
is two-third filled. Thereafter, the pressure and the viscosity valves are
closed with respective stoppers and the sample is sucked up through

the surface tension probe section.

Similarly, for the measurement of viscosity (), the surface tension
(y) and the pressure valve sections are kept closed and liquid to be
tested is sucked through the viscosity limb. Care should be taken so as
to avoid the abrupt formation of bubbles or effervescence in either of
the probes while sample is being sucked off through a sucker. This is
more important in case the liquid being tested is enriched or attenuated
or functionalized for a specific task through lacing with a surfactant
or any other chemical stimulant. The two properties are measured
through the respective measurement of Pendant Drops (PDN) and
Viscous Flow Time (VFT).

For measurement, firstly, the calibration with the blank, which is
preferably the major solvent component of the formulation to be tested,
is done, with respect to which the droplet number (n ) and viscous
flow time (t,) were obtained. These parameters are determined over
a specific temperature, using a standard counter and the stop-watch.
The most interesting aspect of this instrument is that the measurements
corresponding to pendant drop count and the viscous flow time are
highly reproducible. The surface tensions (y) and viscosities (1) are
thereafter calculated using the following formulae:

y = [(n/n) (p/p )]y,
n = [(t/t )(p/p )N,

where, p and po denote the temperature specific densities of tested
and reference liquid at a, n stands for the droplet number of sample to
be investigated, n and y, denote the viscosity and surface tension of the
reference solvent.

For accuracy and minimization of error in measurement, three
readings were taken corresponding to each measurement and the
resulting concordant reading was taken as final value. The maintenance
of temperature constancy was achieved via keeping the overall setup
in a glass chamber filled with Millipore water and connected with a
water bath cum temperature control probe. The detailed methodology
and operational fundamentals have been put to the forefront by the
inventor himself in a very brief but highly informative research article,
of 2007. This literature source further sheds more intense knowledge
with respect to the characterization of fluid streams carrying
environmental pollutants. This is reflected through the postulation
of interfacial tension, by which we can study the consequence of
reactivity of nanomaterials in a waste stream carrying nanomaterials in
suspended form as waste [102,103]. Figure 5 further depicts some more
informative snapshots of this cutting edge innovation from Indian soil.

Till date, numerous advanced research investigations have
been reported through the application of this instrument and those
too, in the diverse fields of organometallic chemistry, formulation
validation, interaction chemistry and several others [104-110]. Since
the instrument has a manual approach, it therefore leaves a very little
scope for human error to alter or interfere with the corresponding
measurement and therefore, presents a highly well-suited technique
for analysis at the nanoscale.

Interestingly, the fundamental science of surface tension in liquids
also explains the extent of dispersion of a solute in a liquid formulation
and its relative ease of availability over and around the surface.

Some interesting scientific reports prevail in literature, which
discuss about the importance of surface tension maintenance of the
blood in a normal human being [111]. These aspects also discuss
the role of temperature and its critical influence in the alteration
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Figure 5: A closer glimpse of cross-sections of Borosil Mansingh Survismeter.

Figure 6: The decisive toxicity physicochemical and fundamental traits of
nanoparticles.

and functioning as a probable source of thermodynamic impact.
Interestingly enough, if we determine the surface tension of the
nanocarriers delivered drug with the blood, it will give a quantitative
description of the drug interaction within the biological systems,
through which we can ascertain corresponding consequences under
the physiological conditions (Figure 6). Further, if we are also able to
stabilize the temperature in equivalence to that of the body temperature,
it will enable us to know about the possible effect of engineered drug
formulation on our body tissues, with respect to the limits of surface

tension a normal human body can bear. Subsequently, the specified
deleterious role of each structural component can be deduced. The
advanced applications of altered drug delivery of numerous drugs
possessing high therapeutic potential but having low retention in the
native form can be very actively optimized through the use of this novel
innovation [103,105].

This invention also facilitates the measurement of the wetting
coeflicient of low or poorly water soluble compounds, which is
the backbone for determining the material interactions at the
nanoscale, in terms of exclusive mutualistic variations of cohesive
and intermolecular forces. The extent to which a liquid interacts with
a solid on a characteristic surface is determined by this property of
wetting coefficient, the phenomenon or patterns like why a liquid
always tends to form a spherical shape on the surface of a solid, or as
to what could be its possible implication if we alter the wetting nature
to an extent that gives rise to a shape other than that of spherical. The
dissolution of drugs is being increasingly modulated and attenuated
to mend their low therapeutic activities, and, in such cases the
characteristic effect of a particular carrier can be assayed through
calculation and measurement of wetting coefficient. Further, in this
particular dimension, the use of nanocarriers like those of engineered
nanoparticles, dissolution through nanoscale formulations etc. can be
excellently studied to determine their biological feasibility through
analysis of physicochemical properties of surface tension, viscosity,
interacting abilities, friccohesity determination and several others.

Chemical potential of engineered nanomaterials: Friccohesity
influence

The interactions of nanomaterials with the living cells present
some very intense and intriguing correlations with the prospects to
know about their possible threats and toxicological risks. This is with
reference to the fact that upon being delivered to the body through a
specific carrier, the carrier undergoes surveillance within the periphery
of so many distinct tissues, each of which has a specific optimum
chemical and biological environment. Under these rigid and specific
situations, the interactions of nanomaterials with cellular components
are critically dictated by the breaking of cohesive forces and the
development of intermolecular forces. This tendency, measured by
the direct parameter of Friccohesity, gives us the knowledge about
the extent of cohesive force destruction and the corresponding
intermolecular force conversion. Friccohesity is a unique molecular
force transition rider, through which the dictations of different types
of forces enable us to determine the chemical behavior of a particular
material. It signifies the scientific unveiling of a novel science in it, as
it gives the quantitative idea of the formation of newer entities from
the very basic idea of chemical bond formation. Its relevance in terms
of toxicity prediction seems to be highly important since invoking
of toxicity requires interactions with the body system. As a further
continuance of this constraint, the inherent structural bonding of the
nanomaterial in use, mediated via cohesive forces, is gradually replaced
by intermolecular forces. Numerous interesting studies have been
explained through the proposition of friccohesity at the molecular
level, encompassing from drug interactions, deduction of structure
activity relationships, the thermodynamically supported interaction
patterns of amino acids with many chelating atoms and henceforth
[103,104]. The relative extent of intermolecular force development
determines the quantitative aspect of probabilistic toxic cellular
responses that a particular nanomaterial can invoke from within the
body system. We can say that friccohesity is a molecular level operator
linking cohesive forces and intermolecular forces, both of which are
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inversely proportional to each other at one particular instant of time.
This novel operator can help to deduce the presence of definite force
content with the corresponding proportion of the generated risk.
This is because the bond formation and destruction is very evidently,
the backbone of molecular interactions at the physical, chemical and
biological, biophysical ad biochemical level.

Application with respect to dissolution studies: Nanoemulsions:
The dispersion of diverse kinds of materials, ranging from nutrients,
growth factors, hormones and a number of other important precursors
is an integral characteristic of all the living organisms. This feature leads
to the formation of emulsions and sometimes, the solute is present in
very minute extents, thereby leading to the genesis of nanoemulsions.
The proposed innovation of Survismeter is a pioneering weapon to study
and characterize these emulsion systems and deduce the deviations of
the fundamental physicochemical properties when the nanomaterials
are present and are creating the undue influences [107]. The colloidal
emulsions play some deeply crucial and unique roles to mediate the
biological sanctity of living tissues and functioning. If we have a
careful glance at the structure of biomolecules, drugs, nutraceuticals
and other important biological entities required by living organism
for survival, it is very obvious that these possess functional groups,
charge density, d-orbital m-electron localization, charge distribution,
alkyl chains of variable lengths and many more interesting structural
fluctuations. Each of these physicochemical attribute is befitted with
an inherent ability to impart specified interaction abilities and since
most of biomolecules are organic in nature, so they are the initiators
or originators of intramolecular entropies that have been termed as
tentropy, in the proposition of this novel idea. In these conditions,
understanding these interactions with the help of structural modalities
is very essential. Emulsions are indeed very promising in this regard,
particularly because these carry several ingredients and each of these
has a separate distinct and uniquely defined chemical potential, due
to which they develop distinct Localized and Global Equilibrium
Thermodynamic (LET and GET) constraints. If a stable, specific and
critically optimum combination of all such constituents is pursued, it
will lead to the establishment of the synergistic effect of the individual
components. Friccohesity attempts to explain the concepts of drug
binding and solvent dissolution and synergism in a very critical manner,
due to which it is feasible to combine together the chemical potential
of two distinct phases into the regulation of their inherent energy
capacities. A characteristic chemical potential is thereby generated,
out of the controlled interactions, which is purely through the natural
basis and attempts to form stable dispersions. This chemical potential
is altered in the cases where nanomaterials tend to lend a toxic effect
and negatively interfering role with respect to growth and development
in living organisms.

Elucidation of Prevailing Physiological Interactions:

Tentropy Insight

Threats to living organisms at a localized level are dependent
on a number of closely interlinked intrinsic factors; the proper
understanding of which can be made only through a detailed
knowledge of the probable interactions that have significant likelihood
of being prevalent. In this context, if we carefully analyze the bodily
interactions with any foreign material, one point of consensus being
arrived at is the fact that living body is majorly composed of carbon.
Further, it is evident that carbon is tetravalent in nature and thus
has a scope for binding different kinds of materials, which is possible
through its ability to undergo significant level of catenation. By virtue
of its rapid ease to form multiple bonds with different substances,

the carbon based nanomaterials and engineered nanostructures
pose a significant risk of getting entangled within the biomolecular
structures inside the living organisms. These mechanistic and specific
interaction based biochemical responses are the chief sources of
oxidative and inflammatory stress based disorders and complications.
Combination of these carbon based structures with each other leads to
the development of hydrophobic forces and constant interconversion
of cohesive forces into intermolecular forces till the attainment of a
particular configuration, having a definite proportion of each of these
forces, with the maximum stability potential is attained. The resultant
structural optimizations or formulations of molecules, formed as a
result of these interactions have their major activities defined by the
probabilistic interactions between the hydrophobic alkyl chain parts
and the corresponding foreign substances, which in the present context
are the nanomaterials being exposed to.

Almost on the similar lines, the diverse organically driven
interaction of a material within a specific environment is specifically
defined in terms of a molecular activity operator of tentropy. The
tentropy is basically entropy manifested through the possession of
tentacles, i.e. ina typical scenario; where organic components, as present
mostly within the physiological environments, interact with so many
other materials and the presence of hydrophobic long chains in their
structures contribute to the gradual complexity of overall interactions
developed. The justification of the existence of this physicochemical
characteristic of organic entities has been pointed out and discussed
at length, by Singh et al. [110], who have wonderfully correlated the
existence of molecular force modulation with the existence of these
organically mediated interactions. In their contribution, the authors
have considered the interactions of Polyvinylpyrrolidone (PVP),
carrying polymeric chains with amino acid glycine. The authors have
supported the prevalence of tentropy from within the intramolecular
level developed feature of entropy [109]. In one other interesting
compilation, tentropy has been defined as entropy prevailing within a
molecule, or indirectly being termed as intramolecular entropy [112].
Extending the similar concept to the dissolution parameter evaluation,
the gradient distribution of molecular forces in fluids, leading to the
formation of solutions, mixtures and emulsions through the formation
of concurrent molecular forces of variable strengths, has been
convincingly discussed. All these literature compilations collectively
point out that in any chemical reaction, the reactant species exert
some specific frictional influences over each other, in course of which
characteristic interaction patterns are generated, some of which develop
hydrophobic domains, while the others give rise to entanglements and
still others give rise to weakly linked molecularly sensitive associations.

Conclusion

The emerging threat of nanotoxicology, can, thus be understood
as a very unconventional and hazardous and a crucial ethical concern
of this technology. Materials form the backbone of every conventional
scientific domain and the urge for the development of stronger, faster
and comparatively more readily tunable ones is fast emerging as the
cornerstone of the interdisciplinary boundaries of nanotechnology.
Thus far, the emergence of toxicological risks from the rapid surges
in nanomaterial development proves to be a very intriguing issue
affecting the sustainable development of the environmental resources.
The multidisciplinary design approaches such as those of Quantitative
Structural Analysis and Relationship (QSAR) and those of predictive
model based computational tools seem to be very vital combative
measures to confront this secretly growing nanotechnological menace.
In this context, it is equally important to have a sound awareness
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program since the industries dealing with active manufacturing usage
of nanomaterials are mostly unaware of the risks of used nanomaterials.
An aid to this could be synergized through the development of a
comprehensive basic sciences program, vitalized and envisaged
through the core characteristics of nanoscale threats. Furthermore, it is
not inherently the nanomaterials which lead to this problem whereas,
the problem of functionalization in form of sophisticated coatings
and functionalization procedures resulting in persistence of otherwise
degradable materials seem to be the most critical factor in theaggravating
the toxicological attributes of nanomaterials. Another noteworthy
aspect in this direction is the dependence of material behavior on
the physicochemical properties, since these are the frontline riders of
the varying material behavior in different environments. This further
necessitates the rationale of risk assessment of the material usability in
order to have a tap on their toxicity attributes. The concepts of tentropy
and friccohesity thus argue very well to ascertain the material behavior
under different chemical vicinities and open the field wide open for
the understanding of material behavior in different configurations and
optimizations.
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