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a b s t r a c t

The interaction of a plethora nanoparticles with major biota such as plants and animals/humans has been
the subject of various multidisciplinary studies with special emphasis on toxicity aspects. However, re-
ports are meager on the transport phenomena of nanoparticles in the plant-animal/human system. Since
plants and animals/humans are closely linked via food chain, discussion is imperative on the main
processes and mechanisms underlying the transport phenomena of nanoparticles in the plant-animal/
human system, which is the main objective of this paper. Based on the literature appraised herein, it is
recommended to perform an exhaustive exploration of so far least explored aspects such as reproduci-
bility, predictability, and compliance risks of nanoparticles, and insights into underlying mechanisms in
context with their transport phenomenon in the plant-animal/human system. The outcomes of the
suggested studies can provide important clues for fetching significant benefits of rapidly expanding
nanotechnology to the plant-animal/human health-improvements and protection as well.

& 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Rapid production and interdisciplinary applications of varied
engineered nanoparticles (particulate matter with at least one
dimension that is less than 100 nm) in everyday life are constantly
increasing worldwide (Fig. 1). Varied nanoparticles may be re-
leased into different environmental compartments, such as soil,
either during production processes, transport or by direct or in-
direct disposal of consumer products upon use. Therefore, organ-
isms and especially those that strongly interact with their im-
mediate environments, such as plants, microorganisms and eda-
phon have a greater chance to be exposed to and impacted with
nanoparticles (Anjum et al., 2013, 2015). Thus, plants and animals/
humans are being significantly exposed to nanoparticles diversity
through various pathways. Potential benefits of nanotechnologies
have been welcomed in diverse sectors including plant health-
improvement (Seabra et al., 2013; Husen and Siddiqi, 2014; Iravani
et al., 2015), animal/human health and medicine (Cooper et al.,
2014; Bhavsar et al., 2015; Cheng et al., 2015), and environmental
decontamination (Ram et al., 2011; Mohmood et al., 2013; Sharma
et al., 2013; Perreault et al., 2015). However, owing to the existence
of a close link between the components of the plant-animal/hu-
man system, the contamination of animal/human food with
manufactured nanoparticles via plant and/or plant-based products
has become a major challenge for life and environmental scien-
tists. This situation can be further aggravated by a lack of discus-
sion and poor understanding on the engineered nanoparticle-in-
teraction with the plant-animal/human system (Fig. 2). Ad-
ditionally, indiscriminate and multidisciplinary use without after-
math knowledge on the fate, behavior and consequences of na-
noparticles in the environment and their interaction with the
biological systems can help negative effects to surpass the nano-
particle-lead opportunities, thus undermining the sustainable
development of rapidly growing field of nanotechnology (Fig. 3).

Given the above, this note briefly discusses and interprets the
facts related with the mainstay of ‘transport phenomenon’ of na-
noparticles in the plant-animal/human system. The outcome of

the discussion can provide clues important for the improvement of
the plant-animal/human health as well as for their protection
against potential toxic consequences on nanoparticles.

2. Transport phenomena of nanoparticles in plants

Plants strongly interact with their surrounding environment
often contaminated with hazardous substances, including nano-
particles, thus becoming vulnerable to their potential effects. Since
metal-based nanoparticles (MNPs) have extensive applications due
to their unique physico-chemical properties and multidisciplinary
applications, potential exposure of plants to MNPs has been con-
sidered the highest priority study subject (Anjum et al., 2013, 2015;
Peng et al., 2015). Nevertheless, interaction of widely developing
genetically modified/transgenic crops with extensively synthesized
and applied nanoparticles can also be not ignored (Le et al., 2014; Li
et al., 2014). Notably, human and animal systems can be at great risk
via nanoparticles-laden plants or plant-based food products. De-
spite the previous fact, literature is scarce primarily on nano-
particles-plant interaction and secondarily on the transport phe-
nomena of nanoparticles in plants (Ma et al., 2010; Sabo-Attwood
et al., 2012; Anjum et al., 2013, 2015; Deng et al., 2014). Hereunder,
efforts are made to appraise recent literature available on the sub-
ject to briefly highlight potential processes and mechanisms un-
derlying nanoparticle-uptake/accumulation and root-harbored na-
noparticle transport to leaves and edible plant parts (Fig. 4a).

2.1. Nanoparticle-plant root interaction and its regulation

Leaves can be one of the major routes for the entry of nano-
particles into the plant system via leaf spray, injection and atmo-
spheric exposures (Corredor et al., 2009; Birbaum et al., 2010;
Deng et al., 2014). However, roots can be both the primary plant
organ close to the soils potentially contaminated with the types of
nanoparticles, and also the major entry point of nanoparticles for
other plant organs as well as for plant-based foods and human/
animal system (Anjum et al., 2013, 2015). Processes such as ad-
sorption, translocation and accumulation of nanoparticles can be
modulated by plant types and also by the size, type, chemical
composition and stability of nanoparticles (Rico et al., 2011).
Nevertheless, contingent to types of nanoparticles and plants, and
also the experimental conditions, the bioavailability of nano-
particles to plants can be different. Additionally, a differential
nanoparticle adsorption and absorption can also be possible in
roots. Nevertheless, plants are being used for the synthesis of
various nanoparticles in order to ascertain their benefits in plants,
and also to confirm and understand important phenomena for
nanoparticles-delivery in the target tissue/organs/cells/cell orga-
nelles (Narayanan and Sakthivel, 2010; Basavegowda et al., 2014;
Rajasekharreddy and Rani, 2014; Mittal et al., 2013; Noruzi, 2015;
Manivasagan et al., 2015; Kumari et al., 2015; Servin et al., 2015;
Silva et al., 2015). However, reports thus far available in this regard

Fig. 1. Different classes of nanoparticles according to their size (Modified after-
Nowack and Bucheli, 2007).
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