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The Editorial on the Research Topic 

Environmental Impact of Nanotechnology: Analyzing the Present for Building 

the Future 

Recent advances in nanotechnology have shown numerous societal benefits 

through the development or improvement of smart materials. Several 

engineered nanomaterials (ENMs) have been produced during the last years 

that may be found in related sectors like health, food, home, automotive, 

electronics, and computers ( Hansen et al., 2016 ). The estimated output of 

ENMs produced was up to 270, 000 metric tons/year and in this case 

considering only SiO 2 , TiO 2 , FeO x , AlO x , ZnO, and CeO 2 nanoparticles (

Medina-Velo et al., 2017 ). 

Hence, the volume and heterogeneity of engineered nanomaterials (ENMs) 

released into the environment during manufacture, use, transport, and 

disposal have been increasing steadily. Therefore, it becomes relevant to 

evaluate the potential impact of these ENMs on the environment and human 

health; particularly, since ENMs could interact with organisms and 

environmental complex matrices (e. g., natural organic colloids; Wagner et 

al., 2014 ; Grillo et al., 2015 ). These kinds of interactions can modify the 

fate and environmental behavior of the ENMs into the field as well as hinder 

their analytical detection ( Nowack et al., 2015 ). In this context, recent 

studies have shown that many of interactions of ENMs with environment 

compartments (soil, water, air) are still flawed concerning the mechanistic, 

methodological, and toxicological aspects, turning problematic the 

development of regulatory policies ( Giese et al., 2018 ). Moreover, 

environmental regulation coupled with toxicological factors are the major 
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restraining factors of the global nanomaterials commercialization ( Inshakova

and Inshakov, 2017 ). Thus, this Research Topic was intended to bring the 

main “ bottlenecks” related to the studies of nanotechnology, their impacts 

on the environment, and present possible directions to be followed in several

areas within the field. Experts around the world contributed to systematic 

reviews, mini-reviews, perspectives, as well as, original research papers 

related to the area. 

Mendonça et al. summarized some of the current test guidelines and the 

understanding of ENMs toxicity to representative terrestrial species across 

multiple trophic levels, including E. crypticus / E. albidus, C. elegans , and 

rodents. They concluded that using representative species of various trophic 

levels in standardized tests would improve data quality, which in turn would 

help the development of regulatory policies. 

Pérez-de-Luque described the uptake and distribution of nanomaterials in 

plants and pointed out some gaps regarding this process. Nanoparticle traits 

and plant species greatly affect the interaction mechanism. Thus, 

nanomaterials can enter and move through different pathways (apoplast vs. 

symplast), what influences their effectiveness and final fate. However, before

the research findings are translated into the field, the author identified some 

hurdles: (i) the nanomaterials cost must be competitive with the current 

agricultural goods, (ii) safety must be guaranteed before the use in the field 

and (iii) consumers will distrust a new technology in the same way that 

happened with transgenic crops. Thus, the author suggested that we need to

broaden our horizons and start looking for real practical approaches, filling 
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the main gaps that hamper the translation from laboratory research into field

applications. 

Calderón-Jiménez et al. discussed advances in silver nanoparticles (AgNP) 

production and presented an overview of the commercial, societal, and 

environmental impacts of this emerging nanoparticle, and nanomaterials in 

general. Furthermore, the authors examined the challenges associated with 

AgNP characterization, discussed the importance of the development of 

nanoparticles reference materials. Finally, they explored the role of AgNP as 

a metrological mechanism to improve the quality and comparability of 

nanoparticles measurements. 

Mckee et al. determined the toxic effect of AgNP on Folsomia candida as a 

model to demonstrate the impact of this kind of ENMs on terrestrial 

ecosystems. In addition, in this study, they compared the effects on different

soils (RefeSol 01-A, LUFA 2. 2, and OECD soil) using a range of silver 

concentration from 0. 3 μg to 50 mg of Ag kg −1 . Thus, the authors 

demonstrated that the presence of AgNPs in soil increase the inhibition of F. 

candida over the time. Another point discussed by the authors is that the 

range of concentration used in this study is environmentally relevant and 

that this can lead toxic effect on soil invertebrates. 

Sousa et al. compared the post-emergence herbicidal activity of Poly(ε-

caprolactone) nanocapsules containing atrazine herbicide with a commercial 

formulation against Amaranthus viridis (slender amaranth) and Bidens pilosa

(hairy beggarticks). Authors observed that the use of 10-fold diluted 

atrazine-loaded PCL nanocapsules, compared with the commercial 
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formulation at the standard atrazine dose, resulted in the same inhibitory 

effect on root and shoot growth for both species. Hence, they concluded that

atrazine-containing PCL nanocapsules improved the post-emergence effect 

of the herbicide. 

In this context, the environmental impact of nanotechnology is one of the 

most exciting ongoing debate in the field. The same level of excitement 

brought with the nanotechnology achievements in different areas brought as

well the concerning about the risks and challenges in dealing with this new 

technology. We showed here some of the advances that nanotechnology can

bring to the agribusiness, and are notable the difficulties encountered in 

translating these potential products to the market. In addition, to build a 

future where nanotechnology improves the agricultural goods, increasing the

efficiency of agrochemical, investigating the effects into the soil, and at the 

same time guaranteeing the safety of these goods is an ambitious quest, 

even because we still face an uphill battle to detect ENMs and derivatives in 

the environment. Also, standardized tests to assure safety and effectiveness 

of these materials in the environment and even need to decide about waste 

management processes control should be further studied. These are some of

the challenges this field will have to deal shortly because everyday the 

amount of nanomaterial in the environment increases. 

The studies published in this Research Topic provide a baseline level of data 

in support of the environmental impact of nanotechnology; besides this is 

only the top of the iceberg and an intensive investigation in this field is still 

required. We leave here some recommendations for building the better 
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future of nanotechnology. First, waste management control requires 

additional research regarding the fate of different kinds of ENMs in a broad 

range of concentration. Second, we need to develop technologies capable of 

detecting nanomaterials in environmental systems and in the realistic range 

of concentrations that they will be present in the field. Finally, efforts should 

be made to the development of experimental and theoretical models to 

forecast the short- and long-term toxicity, contributing to regulation for the 

use of the nanomaterials in benefits of the society. 
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