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Abstract 

Nanoparticles are used in many industrial and household applications, as evidenced by their continually 

rising manufacturing volume. This economic success is accompanied by the possibility of negative 

consequences on natural systems and their existence in the environment. Significant advancements in 

our knowledge of the origins, destiny, and impacts of nanoparticles have been made in the past ten 

years. Lately, field measurements of concentrations have been able to validate predictions of 

environmental concentrations based on modelling techniques. However, as discussed elsewhere, 

analytical methods are currently being developed to identify nanoparticles in complex environmental 

matrices and to more accurately and effectively define and measure them. At the same time, there has 

been a growing interest in how nanoparticles affect both terrestrial and aquatic systems. The ability of 

inert nanoparticles to interact with biota through physical pathways like biological surface coating is a 

recurring phenomenon, even though the significance of metal ions generated by nanoparticles for their 

toxicity is still up for debate. This and other factors affect how exposed organisms develop and behave. 

We discuss current developments in nano ecotoxicology in terrestrial and aquatic systems in this work, 

but we also point out significant gaps which need to be filled in the future. 
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1. Introduction 

Over the past few decades, nano-based technology has advanced significantly, increasing the 

number of items that either contain nanoparticles or require them for manufacture [1, 2]. Their 

distinct overall characteristics in comparison to their dissolved or bulk counterparts most 

likely contributed to this emergence. This makes a variety of possible applications possible, 

including pharmacological, therapeutic, and cosmetic ones [3]. Inorganic and carbon-based 

forms, some of which have functionalized surfaces, make up engineered nanoparticles [4]. In 

addition to their distinct overall characteristics, the elemental and structural variety of NPs 

has faced environmental scientists with a number of challenges, such as impacts on terrestrial 

and aquatic ecosystems [5]. For example, depending on mass concentration, the crystalline 

makeup of TiO2 nanoparticles affects their toxicity on the Daphnia magna [6]. These findings 

imply that additional or different dosage measurements, including the surface area 

and particle number are required to accurately represent the exposure scenario [7]. In this 

article, we provide a concise summary of current scientific developments that improve our 

knowledge of the origins, destiny of Nanoparticles, and their impacts in simplified 

investigations, and its interactions with biota. 

 

2. Nanoparticle entry points into natural environments 

It has been predicted that a diversification of emission sources into the environment will 

result from the growing quantitative and product-based deployment of NPs. Cosmetics, 

paints and pigments, coatings, and catalytic additives are important goods that include NP [8]. 

It is common practice to take into account the following emission scenarios: release during 

raw material processing; discharge during usage and discharge after the disposal of products 

containing nanoparticles [9]. NPs can be released in the environment directly or indirectly 
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through methodological systems. Indirect emissions most 
likely come from leachates from landfills, bio-solids applied 
to soil or the effluent of Waste Water Treatment Plants. NPs 
discharge and environmental concentration have so far been 
assessed using Material Flow Models (MFM) that mimic 
life cycle of NPs [10]. While calculating models presume that 
generated NPs will be released promptly to waste streams, 
more practical approaches account for the delayed release 
during consumption brought on by in-use NPs. The 
emission of a particular NPs, however, may be well-
indicated by production volumes. Carbon nanotubes (CNT), 
CeO2NPs, Fe2O3NPs, ZnONPs, and TiO2NPs are 
undoubtedly most significant materials in terms of global 
production volumes. According to early attempts for 

quantifying emissions of NPs during life cycle (Fig. 1), the 
majority of NPs are released during the use phase and after 
disposal, such as in landfills [10], but the production phase 
releases no more than 2% of the output volume [11]. NPs are 
either released directly into the environment or indirectly 
through technical compartments and waste streams, or they 
may enter in-use stock, which results in a delayed release, 
depending on their kind and application [12]. It is crucial to 
measure the quantity and concentrations of NPs in the 
environment, even though there is some information on their 
emissions. However, the lack of suitable analytical methods 
has restricted the ability to quantify NPs emissions into the 
aquatic environment thus far. 

 

 
 

Fig 1: Interactions and Cycle of nanoparticles in environment [13] 
 

3. Measuring the concentration of NPs 
Since simple analytical techniques for NPs detection in the 
environment were not accessible, computational modelling 
was proposed as a future strategy for determining 
environmental concentrations [14]. The accuracy of material 
flow models is limited because they depend on production 
volumes and life cycle data, which aren't always accessible 
in enough detail [15]. More sophisticated models have just 
lately used probabilistic techniques that take into account 
dynamic input rates, in-use stocks, and the ongoing increase 
in output volumes [16]. In technological systems single 

particle inductively coupled plasma mass spectrometry 
(Figure 2) has been used to determine the concentration and 
size of metal-based NPs, such as Au, Ag, Cu, and TiO2 in 
soils and surface waters [17, 18]. Electron microscopy has 
been used as a supplementary tool to get structural and 
particle size information. NPs fate is determined, among 
other things, by the chemistry of NPs surface, such as 
surface functionalization. In order to comprehend NPs fate 
processes, surface characterisation techniques are crucial 
[19]. 

 

 
 

Fig 2: Schematic diagram of Single particle inductively coupled plasma mass spectrometry 
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4. Effects of nanoparticles and their toxicity mechanisms 

Around ten years ago, when the field of study known as 

"nano-ecotoxicology" first emerged, Moore [20] and Hund-

Rinke and Simon [21] proposed that NPs might have 

detrimental effects on biota by producing reactive oxygen 

species that could alter biological structures. Additionally, 

Moore mentioned that NPs might serve as transporters for 

other contaminants. The literature clearly shows that 

oxidative stress can be a driver of many NP-induced effects 
[22], but research over the past ten years has shown that NPs 

can act through a variety of routes, including the generation 

of oxidative stress. There isn't a single toxicity mechanism 

that applies to all NPs. Nonetheless, oxidative stress is a 

commonly documented occurrence [23]. Physiological 

consequences that can alter hormones or hatching enzymes 

to the point of reproductive failure are just a few of the 

additional pertinent pathways that have been documented 
[24]. 

 

5. Effects of nanoparticles on Environment 

Over the course of their whole (aquatic) life cycle, some 

NPs are inclined to dissolve, or release ions from their 

surface [13]. In these situations, scientists wanted to 

understand the mechanism of toxicity caused by those ions 

released from NPs as well as its importance. In light of this, 

AgNPs have been evaluated on a regular basis, indicating 

that the toxicity found for different test species [25, 26] and 

soil microbial communities [27] was largely explained by the 

Ag ions released from these NPs. Furthermore, the toxicity 

mechanisms of Ag ions and AgNPs were essentially the 

same, for instance, for periphyton and snails. These 

discoveries run counter to earlier findings, indicating that 

AgNPs has more serious ramifications than what the 

observed Ag ions alone could account for [28]. Distinct 

toxicity mechanisms in aquatic [29] and terrestrial organisms 
[30] are indicated by differences in gene expression and 

transcriptome profile. However, it might be argued that Ag 

NPs and Ag ions have similar modes of action, which is 

consistent with the thorough literature assessment conducted 

by Volker et al. [31]. This finding also suggests that the 

amount of released ions [32] can primarily account for the 

AgNPs-induced toxicity, which is mostly dependent on the 

diameter, exposure duration, and particle surface 

characteristics [33]. Additionally, sewage sludge traps Ag 

NPs and they are sulfidized in wastewater treatment 

facilities. Ag2SNPs, Ag NPs, and Ag+ ions are directly 

exposed to soil organisms as a result of the use of sewage 

sludge as fertilizer for agricultural cultivation in many 

nations. The type of Ag has a direct impact on the speciation 

(ionic, thiol NPs, or metallic) and location of Ag storage in 

wheat roots [34]. Ag2SNPs was translocated from the roots to 

the leaf tissue in wheat and cucumber, where it maintained 

its NPs form and inhibited plant growth while triggering 

defence mechanisms [35]. For ‘inert’ NPs, or those that do 

not release toxic ions, internalization or physical adhesion, 

such as biological surface coating (inhibiting, e.g., 

photosynthesis, nutrient intake, or mobility), are also 

thought to be potential routes of toxicity [36]. Exposure to 

CuONPs produced a distinct pattern in contrast to Cu ions. 

This was demonstrated for gene expression and protein 

regulation in the gills of zebrafish and marine mussels [37]. 

Like CuONPs, ZnONPs appears to have a different toxicity 

mechanism than its ionic cousin. According to Fernandez-

Cruz et al. [38], for example, cytotoxic effects in fish cells are 

primarily particle-related. This is corroborated by research 

showing variations in gene expression [39] and, consequently, 

toxicity mechanisms [40]. As was previously mentioned, 

aquatic invertebrates have demonstrated increased 

sensitivity in filial generations as a result of parental [41] or 

subsequent generations [42] is exposed to TiO2NPs. 

Similarly, the reproduction of following generations (F1-F4) 

of the soil organism C. elegans was significantly hampered 

at AuNPs concentrations that caused just a small amount of 

death in the parental generation [43]. Compared to a 

conventional test length, CuONPs produced more severe 

effects in a full lifespan test [44]. Additionally, the filial 

generation of plants subjected to CeO2NPs exhibited 

responses that had an impact on the physiology, growth, and 

nutritional composition of the grains [45]. The notion of long-

term consequences in natural populations of aquatic and 

terrestrial creatures is supported by these observations, 

notwithstanding the present lack of mechanistic 

understanding surrounding the underlying mechanisms. 

Crucially, the majority of standardized test systems do not 

account for these impacts. The molecular underpinnings of 

these occurrences and the evolutionary capacity of 

populations and groups to adjust to these new stressors 

require more thorough investigation. 

 

 
 

Fig 3: Effects of nanoparticle contamination encompasses all major components of the environment 
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6. Conclusion 

Our knowledge of the origins, destiny, and environmental 

impacts of NPs has advanced significantly over the last ten 

years. There are a number of unanswered problems that 

require more thought in addition to the recommendation to 

monitor the fate of NPs during biological testing and to take 

environmental relevant concentrations of NPs into account. 

To determine how soil characteristics affect NPs destiny 

and, consequently, the probability of NPs contaminating 

groundwater, a more methodical methodology is desperately 

needed. For example, we now know that in certain cases, the 

effects seen in organisms can be entirely explained by the 

ions released from NPs. However, it is currently unable to 

accurately outline the circumstances in which this 

oversimplified assumption should be disregarded and 

alternative mechanisms should be taken into account. More 

modern methods reveal sub-lethal implications at field-

relevant levels, especially over multiple generations, but the 

majority of research highlights effects at relatively high NPs 

concentrations. Therefore, particular emphasis should be 

paid to how NPs affects ecosystems, communities, 

ecosystem processes, and interactions across ecosystem 

boundaries under present and future exposure scenarios. 

Studies that include several years of (repeated) exposure and 

assessment are recommended in order to fully examine their 

potential long-term effects on ecosystems, particularly for 

sparingly soluble or insoluble NPs that may gradually 

accumulate in particular environmental compartments.  
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