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Abstract   
Nanomaterials, owing to their distinctive qualities at the nanoscale, have attracted interest across multiple industries, ranging 
from biomedical uses to environmental cleanup. Nonetheless, apprehensions remain about their possible detrimental impacts 
on human health and the environment, requiring thorough examination. This research seeks to clarify the various properties 
and behaviours of nanomaterials that affect their toxicity, exposure routes, and environmental consequences. The study aims 
to offer a detailed comprehension of the dangers linked to the utilization and exposure to nanomaterials by analysing these 
parameters. A mixed-methods approach was utilized, combining quantitative surveys and statistical analyses to evaluate 
perceptions and correlations among factors concerning nanomaterial characteristics, toxicity mechanisms, exposure contexts, 
and environmental persistence. The model has exceptional efficacy in forecasting Parkinson's symptoms, with an accuracy of 
92.4% and robust scores across many evaluation metrics. The results demonstrate substantial insights into the correlations 
between nanomaterial attributes (including size, shape, and composition) and their toxicity mechanisms. The study delineates 
specific exposure pathways in industrial, medicinal, and environmental contexts, emphasizing their consequences for human 
and ecological health. Furthermore, the enduring environmental characteristics of nanomaterials highlight the possible long-
term dangers linked to their extensive utilization. This study enhances the existing knowledge on nanomaterial effects by 
confirming theories regarding their toxicity variations, exposure routes, and ecological hazards. The findings highlight the 
necessity of informed risk evaluation and mitigation measures to guarantee the secure implementation of nanotechnology 
across various applications. This research offers a thorough examination of the health and environmental effects of 
nanomaterials, underscoring the necessity for continued investigation and regulatory measures to tackle emergent issues and 
promote sustainable technological progress.  
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INTRODUCTION   
Nanomaterials have evolved as a ground-breaking category of materials characterized by distinctive physical, 
chemical, and biological properties, placing them in the front of scientific and technological progress. 
Nanomaterials, characterized by their elevated surface area-to-volume ratio, quantum effects, and adjustable 
properties, have garnered substantial applications in many fields, notably in health science, environmental 
sensing, and electronic devices [1, 2]. The advancement of nanomaterial-based sensor systems has garnered 
significant interest due to their capacity to improve the sensitivity, specificity, and compactness of diagnostic 
instruments. In recent years, the demand for precise, swift, and portable diagnostic tools has increased, 
particularly in relation to global health crises and the necessity for real-time environmental surveillance [3, 4]. 
Nanomaterials, including carbon nanotubes, graphene, quantum dots, and metal nanoparticles, have been 
thoroughly examined for their potential roles as sensing elements or transducers in sophisticated detection 
systems. Their capacity to engage with biomolecules at the nanoscale facilitates accurate and timely identification 
of illnesses, poisons, and contaminants [3, 5, 6]. The use of nanomaterials into electronic and optical systems 
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facilitates the creation of advanced sensors that support multiplexing and wireless communication, hence 
advancing customized healthcare and intelligent environmental monitoring. The following figure 1 elaborates 
the life cycle assessment of Nano materials in detail. 
 

 
Figure 1: Life Cycle assessment of Nano Materials – An overview [6] 
This study examines the performance of nanomaterial-based sensors, emphasizing their design, sensitivity, 
response time, and overall effectiveness in practical applications. The findings enhance the existing knowledge 
on the application of nanotechnology in sensor design, while also emphasizing the potential hurdles and future 
opportunities for larger implementation of these systems. The following section elaborates the past literatures 
related to this study in detail. 
 
LITERATURE REVIEW 
The subsequent part in Table 1 elucidates the existing literature pertinent to the investigation of the health and 
environmental impacts of Nano-materials. 
Table 1: Related Works 

AUTHOR AND 
YEAR 

METHODOLOGY FINDINGS 

[7] This study conducted a Scopus 
database-based literature study on 
sustainability assessment studies for 
upcoming electric vehicle 
technologies from 2009 to 2020. 

Key knowledge gaps include: 1) 
socioeconomic assessment, 2) integrated 
modelling and macro-level assessment, 3) 
end-of-life management and circular 
economy applications, 4) 
underrepresented developing world, and 
5) underrepresented emerging 
technologies. 
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[8] New quantitative structure–activity 
relationship models based on 
regression and classification 
machine learning algorithms were 
developed to forecast danger classes 
using curated and merged data. 

The probabilistic model predicts with an 
average accuracy of ≈78% across all 
hazard classes. This study demonstrated 
how it moved from conceptualizing the 
SSbD framework to implementing it with 
pragmatic examples. 
 

[9] The study examined how 
microplastics, pesticides, and 
nanomaterials affected oxidative 
stress and antioxidant defense 
mechanisms in fish in controlled 
lab studies. 

The results showed that these pollutants 
caused a lot of oxidative stress in fish, 
messed up the activity of antioxidant 
enzymes, and made fish health worse 
overall. 
 

[10] The study looked at how 
ecotoxicity changed when aquatic 
species were exposed to graphene 
oxide with and without fulvic acid 
in settings that mimicked food 
delivery. 

Researchers found that fulvic acid made 
graphene oxide much less dangerous to 
the environment by making it less 
available to living things and less harmful 
to aquatic life. 

[11] The authors looked at the life cycle 
of construction and demolition 
waste (CDW) that included 
nanomaterials. They focused on 
the effects on the environment and 
the possibilities for recovering 
resources at different stages of 
construction. 

The study indicated that adding 
nanomaterials to CDW management 
makes it more sustainable by making 
recycling more effective and lowering the 
overall environmental impact of 
construction. 
 

[12] The study used Drosophila 
melanogaster in multiexposure 
models to look at how chronic low-
dose exposure to polystyrene 
nanoparticles through eating and 
touching them affected the 
testicles. 
 

The results showed that long-term 
exposure to polystyrene nanoparticles 
greatly affected the function of the 
testicles in Drosophila, suggesting that 
even low levels of these particles in the 
environment could be harmful to 
reproduction. 

 
Research Gap: 
There is an extensive amount of evidence that nanomaterials are bad for the environment and living things, but 
there are also big gaps in our knowledge of their long-term, low-dose effects on many biological and ecological 
systems. There isn't much evidence on cumulative, multiexposure scenarios that are like what happens in real 
life, even though research has looked at acute toxicity and discrete exposure pathways. Also, the effects of 
nanomaterials on naturally occurring compounds, such fulvic acid, are still not well understood when it comes 
to either reducing or increasing toxicity. Current assessments generally don't have conventional ways to look at 
long-term consequences, especially in organisms and environmental compartments that haven't been 
investigated as much, like soil microbiota, reproductive systems, and waste management streams. This makes it 
harder to create strong risk assessments and rules for using, throwing away, and releasing nanomaterials into 
the environment. 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 20s, 2025 
https://theaspd.com/index.php 
  

267  
  

METHODOLOGY 
The study of the submitted materials indicates that the research methodology employed a complete quantitative 
approach, utilizing survey data from 400 respondents across various demographics such as age, gender, 
occupation, education, experience, and region. A standardized questionnaire was developed to evaluate 
respondents' comprehension, perceptions, and apprehensions concerning Nano-materials. Essential statistical 
methodologies utilized encompassed descriptive statistics for demographic assessment, exploratory factor 
analysis (EFA) for dimensionality reduction and latent variable identification, and structural equation modelling 
(SEM) to validate theoretical constructs and inter-variable relationships. Reliability and validity assessments, 
including Cronbach’s alpha, convergent validity, and discriminant validity, validated the internal consistency 
and uniqueness of constructs. Multiple regression and nominal regression analyses were employed to evaluate 
five fundamental hypotheses concerning the effects, characteristics, toxicity mechanisms, and environmental 
ramifications of nanomaterials. This methodology established a strong, data-driven basis for examining the 
multifaceted dimensions of Nano-material dangers and stakeholder comprehension. The figure 2 below 
illustrates the structural equation modelling in detail. 

 
Figure 2: Structural Equation Modelling – Proposed in this study. 
 
RESULTS AND DISCUSSION: 
This study shows a strong association between nanomaterial literature knowledge and attitudes on health and 
environmental implications. The regression model shows that familiarity (Q1) and understanding (Q3) 
effectively explain 79.7% of perceived significance (R² = 0.797). The ANOVA results (F (2, 397) = 778.942, p < 
0.001) confirm the model's statistical significance. Literature knowledge (Q1) is the main factor (B = 0.697, Beta 
= 0.803), demonstrating that academic information considerably raises nanomaterial awareness. The 
understanding of nanomaterials (Q3) is notable (B = 0.135, Beta = 0.143), but not significant. Without 
multicollinearity (VIF = 1.482), both predictors work independently in the model. The findings show that 
nanoparticle knowledge and comprehension can significantly impact environmental and health assessments. 
The model summary is in Table 1. 
Table 2: Model Summary 

 
Influence of Nanomaterial Properties on Understanding and Toxicity: 
This study shows that nanoparticles' properties and processes greatly alter people's perceptions of their toxicity 
and environmental impact. Essential material properties (Q4) and toxicity routes (Q7) explain 50.8% of 
comprehension variance (R = 0.713). Q7 has a strong positive effect (B = 1.299, Beta = 1.006), suggesting that 
awareness of toxicity mechanisms improves comprehension, while Q4 has a moderate negative effect (B = -0.613, 
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Beta = -0.636), suggesting that nano-properties are complex. A statistically significant comprehensive model (F 
= 205.277, p = 0.002) supports these findings. Factor analysis shows that Factor 1—toxicity mechanisms and 
critical features—and Factor 2—nanomaterial conceptual understanding—represent 70.19% of the variation. The 
low KMO (0.482) and non-significant Bartlett's test (p = 0.287) indicate sample adequacy and variable 
correlation limitations. Despite these limits, the data show that nanomaterials behave and react differently 
depending on their physical qualities and processes, affecting their toxicity perception. Table 3 shows ANOVA 
analysis. 
Table 3: ANOVA Analysis 

 
Analysis of Variation in Exposure Pathways Across Settings: 
This study shows that exposure to nano-materials is different in different settings, such as industrial, medicinal, 
and ecological. This changes the chances that people will eat or breathe them in. The Pearson correlation 
coefficient between high-risk environments (Q5) and perceived likelihood of exposure (Q6) is 0.102. This is a 
modest but statistically significant number (p = 0.042). This means that people who know about high-risk 
exposure settings are more likely to think that those places are more likely to cause them to swallow or breathe 
in nano-materials. This finding is strong because the sample size was 400. The association strength is low, but 
the significance implies that the sort of location does affect how people think about exposure pathways. These 
results show that contextual elements are important for figuring out possible exposure routes. This supports the 
hypothesis that nano-material pathways are not the same everywhere, but rely on how they are used. This shows 
that risk evaluations need to be adapted to the specific situations in which nano-materials are used and people 
are exposed to them. The table 4 below illustrates the correlation analysis in detail. 
Table 4: Correlation Analysis 

 
Analysis of the Influence of Nano-Material Attributes on Toxic Mechanisms: 
The results show that there is a strong link between the size, shape, and composition of nano-materials and how 
dangerous they are. The model fit got a lot better with nominal regression (Chi-square = 89.464, p = 0.002), 
which shows that the physical and chemical features of nano-materials have a big effect on how they hurt people. 
For instance, shape is substantially linked to cell damage (OR = 3.333, p = 0.003), whereas chemical composition 
is a big factor in inflammation (OR = 3.981, p = 0.003) and other harmful effects. Size, strangely, is linked to 
inflammation in a bad way and in ways that aren't clear. The pseudo R-square values, which are not very high 
(Nagelkerke = 0.216), show that the model is useful. These patterns show that nano-materials don't always cause 
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toxicity; instead, the bad consequences rely on the unique properties of the material. Overall, the data show 
that the design of nano-materials is very important in deciding how they interact with living things and what 
negative effects they have. Shape and composition are the two most important factors. The table 5 below 
illustrates the case summary analysis in detail. 
Table 5: Case Summary Analysis 

 
Analysis of Environmental Persistence and Perceptions of Ecological Risk: 
This study finds a substantial link between worry about the build-up of nano-materials and beliefs about the 
adequacy of environmental impact assessments. A regression model (R² = 0.820, p < 0.001) shows that three 
factors—concern for environmental accumulation (Q88), comprehension of nano-materials (Q33), and 
familiarity with literature (Q11)—account for 82% of the differences in how people think environmental studies 
are adequate (Q99). Concern about accumulation had the highest effect (B = 0.884, Beta = 0.843), which means 
that those who know about long-term environmental persistence are more likely to think that present research 
is not enough. Q33 also has a favourable effect, albeit it's lower (B = 0.157). Q11, on the other hand, has a 
negative effect (B = -0.102). This suggests that being more familiar with existing research may make people more 
confident in present environmental assessments. These results show that there is a perceived gap in long-term 
ecological evaluations and stress how important it is to study and make policies that deal with the long-term 
effects of Nano-materials on the environment. Analysis of model summary is illustrated in table 6 below. 
Table 6: Model Summary 

 
  
CONCLUSION  
This study found considerable diversity in nano-material toxicity (p =.002), exposure pathways (Pearson 
correlation r = 0.102, p = 0.042), and ecological risks (R² = 82% in environmental behaviour model). Shape, 
size, and chemical composition affect toxicity mechanisms such oxidative stress, inflammation, and cellular 
damage. Industrial and environmental settings increase inhalation or ingestion risks, while persistent 
environmental accumulation increases worries about long-term harm (β = 0.843, p < 0.001). These findings 
show that nano-materials interact with biological and ecological systems in complicated ways, justifying the 
importance of toxicity, exposure pathways, and ecological effects. To eliminate side effects and increase 
regulatory requirements, future research should prioritize environmental impact studies, context-specific safety 
guidelines, and nano-material design advances. 
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