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ABSTRACT

In this document, we conducted a comprehensive examination of a few fundamental physicochemical characteristics of 
engineered nanomaterials (ENMs) and how they affected how ENMs interacted with their immediate environment in typical 
aquatic habitats. It is elaborated on how ENMs behave in relation to dynamic microenvironments at the nanoebioeco interface 
level and how this affects their toxicity, destiny, and exposure potential. Based on our evaluation of the literature, we draw 
the conclusion that a comprehensive strategy is urgently required to close the information gap we have about the safety 
of discharged ENMs. This comparative method enables the recognition and comprehension of the possible risks posed by 
ENMs and their toxicity processes, leading to the establishment of a quantitative and trustworthy system to forecast such 
consequences.
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INTRoduCTIoN

A definition of engineered nanomaterials (ENMs) is required 
for regulatory purposes due to the rapid development of 
nanotechnology. Definitions serve to guarantee effective 
communication and to prevent misunderstandings. For regulatory 
purposes, a definition should be as concise and straightforward as 
possible without sacrificing clarity [1]. A definition for regulatory 
purposes should only apply to particulate nanomaterials, be 
broadly applicable in European Union (EU) legislation and 
consistent with other approaches globally, and use size as the 
only defining property, according to the Joint Research Center 
Reference Reports of the European Commission from 2010. The 
size range from roughly 1 nm to 100 is included in the International 
Organization for Standardization's most recent definition of the 
word "nanoscale." [2] a range that has also been used in several 
other definitions. It is interesting to notice that a C60 molecule 
has a van der Waals diameter of about 1.1 nm. A C60 molecule has 
a nucleus to nucleus diameter of roughly 0.71 nm. The majority 
of drug delivery nanoparticles (NPs) fall between 200 and 400 nm 
in size. In numerous industrial and biomedical applications, the 
ENMs show considerable promise [3]. 

METhodS ANd MATERIAlS

However, the methods used in their production could expose 
people by ingestion, inhalation, or contact with the skin. In 
addition to unintended exposure during manufacturing, ENMs 

may also be ingested by people through our food and medications 
[4]. The work of Weir and colleagues, who looked into the titanium 
content of certain common meals, should be mentioned among the 
numerous studies devoted to such topics. Powdered doughnuts had 
a 100 mg titanium content per serving, and several of the products 
with the highest titanium contents might be classified as candies or 
sweets [5]. Additionally, there has been great success in using ENMs 
for tissue engineering and medication delivery, both of which carry 
potential dangers. to the patient that outweigh their advantages. 
These anthropogenic nanomaterials, together with those utilised 
for environmental cleanup, will inevitably be released and could 
end up in water supply sources. To evaluate the environmental 
dangers of nanotechnology, it is necessary to identify the amount 
and kind of nanomaterials emitted into aquatic habitats [6].

Clearly, extensive and continuous toxicological research is 
necessary given the effects of these novel materials. It is crucial to 
remember that the physicochemical characteristics of ENMs as a 
whole and how they interact with their immediate environs dictate 
any possible risks, whether they be acute or chronic or direct or 
indirect [7]. Our capacity to evaluate their potential dangers in a 
quantitative and predictable manner is substantially constrained 
by our ignorance of the transit, destiny, and behaviour of ENMs in 
the aquatic environment. Additionally, their detrimental effects on 
biota differ according on the investigated species and their trophic 
levels. Therefore, it is crucial to describe their dangers in scenarios 
that mirror the situations where they would naturally occur [8]. 
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As a result, there were first two important issues: the necessity to 
create a Second, the requirement for a holistic Nano toxicological 
investigation to provide light on the real-time states of targeted 
ENMs in natural aquatic environments. This method will offer a 
database on sensitive species in various trophic or structural levels 
in an aquatic ecosystem, allowing for a thorough assessment of the 
potential hazard of ENMs [9]. This database may also provide a 
chance to compare results with those from other studies in order 
to support the development of more trustworthy conclusions. Less 
focus has been placed on the relationship between physicochemical 
properties of nanomaterials such as chemical composition, shape, 
size and size distribution, dispersion, aggregation state, surface 
area, surface chemistry, surface charge, and porosity and toxicity 
in the existing research on nanotoxicity, which has largely focused 
on empirical evaluation of the toxicity of various ENMs [10]. This 
method provides little information and shouldn't be relied upon 
to predict the toxicity of ENMs that appear to be similar (Figure 1). 
Instead, if conditions allow, we should use a systematic method 
to examine the toxicity of ENMs by concentrating on a collection 
of test nanomaterials with variations in a single parameter but 
identical overall physico-chemical properties [11]. Also worth 
noting is the possibility that the characterisation of the given 
nanomaterial does not accurately reflect its physico-chemical 
properties. Administration. As a result, test nanomaterials should 
always be independently characterised both before and after 
ingestion. In this report, we reviewed the development of research 
from numerous scientific organisations from the perspectives of the 
nature and behaviour of the nanomaterials themselves, the reaction 
of organisms in aquatic ecosystems to their exposure, as well as 
the various methods of evaluating the Nano toxicological effects 
[12]. The goal of this review is to bridge the gap between ENMs 
and aquatic ecosystems by utilising already-existing information 
on ENMs in accordance with our suggested comprehensive 
methodology [13].

RESulTS

Harold Kroto and associates found C60 in 1985, and the 
fullerenes followed soon after. This discovery sparked further 
investigation into the behaviour of these peculiar particles and 
eventually resulted in the creation of engineered or human-made 
nanomaterials, or materials on the nanoscale. Numerous ENMs 
exist now and are fueling important developments in research, 

engineering, business, industry, and commerce. Nanomaterials 
have the potential to interact with people as well as the various 
animals, plants, and other species that make up the planet's eco-
systems through their manufacture, processing, and application. 
Nano-toxicology is required in addition to technology because it is 
unclear how much risk these goods may represent. One definition 
of nanotoxicology is as a way to assess the safety of manufactured 
nanostructures and nanodevices. The findings of previous research 
can be combined to identify some new ideas in nanotoxicology. 
The methods of nanotoxicology that are described in this study are 
a summary of the development in understanding the toxicological 
mechanisms of these nanomaterials. It is wise to look into both the 
fate of the ENMs themselves as they reach the natural surroundings 
as well as how exposed organisms react to them.

dISCuSSIoN

This calls for a thorough examination of the physicochemical 
properties of nanomaterials as well as the use of substitute models, 
including those based on microbes, invertebrates, and vertebrates, 
particularly aquatic species. The development of predictive 
toxicology necessitates the construction of an experimental 
database of the correlations between the physicochemical 
features of ENMs and their biological end-point response. 
Computational methods are less accurate in assessing the safety of 
ENMs than experimental ones. Both costly and time-saving they 
might also be effective substitutes for anticipating, before novel 
nanomaterials are mass manufactured, their potential toxicity and 
environmental effects. Because of this, the quantitative structure-
activity relationship (QSAR) study, which is frequently used to 
predict the physicochemical features of chemical compounds, 
is swiftly becoming established in pharmaceutical and Nano 
toxicological research. The crystal structure of NPs, among other 
physicochemical properties, is crucial in determining their toxicity. 
Atoms' potential oxidative reactivity is closely related to their precise 
spatial arrangement. Regarding different crystal faces, NPs exhibit 
varying degrees of chemical reactivity. It has been demonstrated 
that the exposed crystal facets of particles can be used to influence 
the chemical activity of NPs however the underlying mechanism is 
still not fully understood. The crystalline shape of the investigated 
nanomaterials has an impact on how poisonous they are. It was 
discovered that crystal shape and crystal structure are closely 
connected. 

CoNCluSIoN

The intermolecular interactions between the growth units can be 
used to explain the exterior crystal morphologies. Consequently, 
the morphological aspect is equally crucial. The morphology of an 
NP can strongly subsequently influence its chemical activity, which 
has an impact on toxicity and overall cell uptake. The dimension of 
NPs becomes a key factor in influencing the behaviour and fate of 
NPs in aquatic environments within a specific crystal structure and 
morphology. Particle size continues to be crucial in the creation of 
green NPs, despite some findings claiming that chemical activity or 
toxicity is not dependent on it. The majority of the studies that have 
drawn criticism used only a small range of sizes, which could have 
resulted in an imprecise finding. Furthermore, when studying size, 
it is important to carefully evaluate and constrain other features 
including shape and crystal structure. Particularly in the case of 
TiO

2
 NPs, crystallites are known to be extremely sensitive to phase 

transformation as the size changes. 

Figure 1: Effects of Nanoparticles that Cause Toxicity in Aquatic Systems.
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