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Abstract
Nanomaterials include dispersing materials containing structural elements (grains, crystallites, blocks, clusters, etc.), due 
to their nano dimensions acquire qualitatively new functional and operational characteristics, offering several biomedical 
and technical advances over their bulk analogues. Taking into the consideration the fact that the impact of nanoparticles 
(NPs) to a living organism through the food chain is extremely important and have not been studied in detail yet, in this 
review we aimed to show the effect of different NPs towards terrestrial food chain, aquatic ecosystem, microorganisms 
and etc. Understanding and managing the potential risks associated with the use of nanoscale objects serves as a guide 
for developing new methods, tools, and concepts in order to determine how new engineering nanoparticles will interact 
with living organisms in the food chain and environmental systems. It is assumed that these methods will fundamentally 
differ and challenge the existing research and testing methodologies.
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Abreviation
AI	� Anxious index
BALF	� Bronchoalveolar lavage fluid
ChlF	� Chlorophyll fluorescence
CNTs	� Carbon nanotubes
2D	� Two-dimensional
DAPI	� 4′,6-diamidino-2-phenylindole
2DG	� 2-Deoxy-d-Glucose
DNA	� Deoxyribonucleic acid
ESR	� Erythrocyte sedimentation rate
FE	� Field emission
FitcDx	� Fluorescein isothiocyanate-dextran
FSNP	� Fluorescent core–shell silica nanoparticles
FTIR	� Fourier transform infrared spectroscopy
FW	� Freshwater
GA	� Gum arabic
GABA	� Gamma-aminobutyric acid
GI	� Germination index
GP  %	� Germination percentage
GSH/GSSG	� Glutathione/glutathione disulphide

Hb	� Hemoglobin
Hct	� Hematocrit
Hpf	� High power field
HUVECs	� Human umbilical vein endothelial cells
ICP-AES	� Inductively coupled plasma-atomic emis-

sion spectroscopy
ICP-MS	� Inductively coupled plasma mass 

spectrometry
ICP-OES	� Inductively coupled plasma-optical emis-

sion spectroscopy
LDH	� Lactate dehydrogenase
MC	� Macrocycle
MCH	� Mean corpuscular hemoglobin
MCHC	� Mean corpuscular hemoglobin 

concentration
MCV	� Mean corpuscular volume
MDA	� Malondialdehyde
MP	� Membrane potential
MR	� Membrane resistance
MSNs	� Mesoporous silica nanoparticles
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MTT	� 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl-2 h-tetrazolium bromide

MWCNTs	� Multi-walled nanotubes
NMR	� Nuclear magnetic resonance
NPs	� Nanoparticles
PAMAM	� Polyamidoamine
PEG	� Polyethylene glycol
RGD	� Tripeptide Arg-Gly-Asp
POD	� Peroxidase
QSIM	� Quantitative spatial information mapping
RBC	� Red blood cells
RGP	� Relative germination percentage
RNA	� Ribonucleic acid
ROS	� Reactive oxygen species
SAS	� Synthetic amorphous silica
SEM	� Scanning electron microscopy
SOD	� Superoxide dismutase
SPIONs	� Superparamagnetic iron nanoparticles
ST II	� See-through medaka
SW	� Environmental salinity
SWCNTs	� Single-walled nanotubes
T-AOC	� Total antioxidation competence
TEM	� Transmission electron microscopy
WBC	� White blood cells
XANES	� X-ray absorption near edge spectroscopy
XRD	� X-raydiffractometry

1  Introduction

Nanostructures are 1–100 nm scaled particles and their 
size defines their physical and chemical properties that 
sharply differ from the properties of their bulk analogues. 
Nanoparticles (NPs) due to their size have unique physical 
and chemical properties and they can form supramolecu-
lar ensembles similar to ones widely occurring in nature 
[1]. Depending on the size, shape, chemical composition, 
surface, phase state and etc. the nanosized materials are 
divided into different groups (Table 1). The physical and 
chemical features of engineered nanosized materials are 
crucial in term of evaluation of possible risk to the environ-
ment and revealing toxicity towards biological systems. 
The physicochemical properties of NPs need to be thor-
oughly studied in order to provide the toxicological assay 
on engineered NPs [2–5].

The latest developments in the nanotechnology led to 
the widespread of different types of nanosized materi-
als having numerous applications in various fields and 
at the present more than 1300 nanomaterials are cur-
rently available on the different field [6]. They found their 
application as a constituent of food, cosmetics, furniture, 
clothing, bottle coatings, opacifiers, microelectronic 
devices, in SIM cards of cell phones, pharmaceuticals, 
etc [7, 8]. According to achievements of nanotechnol-
ogy over the last decade’s, NPs are used in catalysis, oil 

Table 1   Classification of 
nanostructured materials

Classification of nanostructured materials Types of nanostructured materials

Zero-dimensional NSMs (0D) Quantum dots
Heterogeneous particles arrays
Core–shell quantum dots
Nanolenses

One-dimensional NSMs (1D) Nanorods
Nanotubes
Nanobelts
Nanoribbons
Nanowires
Hierarchical nanostructures

Two- dimensional NSMs (2D) Nanoprisms
Nanoplates
Nanosheets
Nanowalls
Nanodisks

Three-dimensional NSMs (3D) Nanoballs (dendritic structures)
Nanocoils
Nanocones
Nanopillers
Nanoflowers
Dendrimers



Vol.:(0123456789)

SN Applied Sciences (2019) 1:1362 | https://doi.org/10.1007/s42452-019-1412-5	 Review Paper

industry, water treatment, fuel additives. Besides, nano-
fluids are applied as advanced new generation materials 
and known for their heat transfer performance and ther-
mal properties [9–11]. It is considered that applications 
of nanotechnology in medicine, especially for targeting 
drug delivery will able to overcome the problem of non-
curable diseases. For developing of successful nanopar-
ticulate system the biodegradation and the rate of drug 
release are among the crucial factors. It is supposed that 
the major advantage of NPs is the raising solubility of 
nanodrugs in an aqueous medium, growing stability and 
bioavailability delivery in the body and designing the 
site-specific drug delivery [11–15].

Among the possible route of NPs intake into the body 
and possible ways of their migration it worth to note the 
following: inhalation, that is, the intake of NPs by inhaled 
air through the lungs; intake of water and food containing 
NPs through the digestive tract; entry of NPs through the 
skin and mucous membranes; exposure to NPs contami-
nated surfaces; entry through the gills into the circulatory 
system of aquatic organisms.

In addition, NPs can enter the human body through 
targeted exposure, such as injections or other medical, 
cosmetic, or wellness treatments. Another possible way 
is constant contact with household items and materials 
made using nanomaterials. Of particular interest is the 
possible mechanism for the penetration of nanoparticles 
through the skin, designed to protect the body from exter-
nal influences.

In order to investigate the influence of nanoparticles 
on living organisms, initially, we should know how they 
pass through into the cells of a variety of organisms such 
as human, animals or plants, etc. It is important to define 
cellular uptake of NPs as it helps to understand the mech-
anism of delivering drugs inside the cell and assess the 
toxicological consequences [16–18]. Pathway process of 
NPs to the cell, which called “endocytosis”, begins with 
the interaction of NPs with the external part of the plasma 
membrane. Forming membrane-bound vesicles, deliver-
ing to various specialized vesicular structures, delivering 
to different intracellular compartments, recycling to the 
extracellular milieu or delivering across cells are the stages 
of endocytosis (Fig. 1). 

As it is seen from Fig. 2 endocytosis has two types such 
as pinocytosis (cell drinking) and phagocytosis (cell eat-
ing). Firstly, during phagocytosis nanoparticles are rec-
ognized by opsonization in the bloodstream before they 
adhere to the cell membrane. After all these processes 
nanoparticles are ingested by the cells. In addition, Clath-
rin-dependent endocytosis, which is called “classic way of 
cellular uptake”, is common in all active mammalian cells. 
In cases of being devoid of clathrin-dependent endocy-
tosis, clathrin- and caveolae-independent endocytosis 

happen for entry of a variety of particles which are carried 
with approximately 90 nm vesicles [19, 20].

The contact of nanoparticles with biological mem-
branes often results in their capture inside the cell using 
a number of mechanisms—direct or receptor-mediated. 
Capture (“enveloping” by a membrane) requires the for-
mation of both specific and non-specific interactions with 
the membrane and it is the result of a dynamic process 
of particle capture mechanisms and processes that pre-
vent this. Modification of the particle surface by special 
ligands stimulating receptor-mediated endocytosis. The 
ecotoxicological and toxicological effects can vary from 
one type of nanostructures to other, from the different 
routes of exposure, occurrence in the environment, their 
quantity, solubility and aggregation state. Among the 
main characteristics can be mentioned the electrostatic 
state of their surface, which strongly influence to accu-
mulation status of NPs in the environment. It is estimated 
that the surface of NPs strongly influences on their toxicity. 
The NPs with the positively charged surface are considered 
having higher toxicity [21–24]. NPs can come to contact 
with living organisms through different routes: inciden-
tal release, direct release from industrial enterprises or 
processes. After release into the environment, they can 
contaminate the soil and then migrate to the deeper lay-
ers and reach groundwater. Furthermore, nanomaterials 

Fig. 1   Cellular uptake and endocytosis (pinocytosis) process
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reach an aquatic system through rainwater or wind run-
off. Another possible way of occurring of NPs in the envi-
ronment is the usage of nanotechnology approaches in 
agriculture. By dint of nano-fertilizers in agriculture, it is 
possible to enhance plant productivity and increase eco-
nomic efficiency [6, 7].

The main exposure routes are the gastrointestinal tract 
and respiratory tract [25]. Accumulation of NPs in the living 
organism can lead to lung injury, cause chronic diseases 
and serious DNA mutations. It is supposed that target 
organs for the accumulation of NPs are considered mostly 
to be spleen and liver [6, 7]. Nevertheless, it is considered 
that most of the crystal nanomaterials might transfer into 
the organism through the inhalation system and easily 
deliver alveoli [26] In comparison with pulmonary and skin 
uptake, the intestinal uptake is more detailed described 
(Fig. 1).

The water-soluble stable NPs can accumulate in the 
aquatic environment and exposure of NPs to the aquatic 
food chain in a concentration-dependent way affect to 
the behaviour of aquatic organisms [1, 27, 28]. In the most 
studies have been investigated the influence of NPs on the 
model food chain systems consisting of earthworms, semi-
aquatic organisms, fishes, invertebrates, algae, plankton, 
freshwater organisms, amphibians and on the mammals 
cells [1, 29].

The suggested mechanism of the toxic effect of NPs 
reveals itself in the form of oxidative stress on the living 
organism that is the response of the biological system by 
producing of highly reactive particles, consisting of free 
radicals. Oxidative stress is the imbalance between the for-
mation of reactive oxygen species (ROS) and biochemical 
mechanisms of repairing and detoxifying of the caused 
damage. It is considered those general mechanisms of 
impact of metal-based nanoparticles, carbon nanotubes 
and fullerenes to living cells is happen by oxidative stress, 
which finally leads to cell damage. Oxidative stress leads 
to the formation of free radicals and peroxides, which 
damage DNA, lipids, and proteins [30]. Carbon nanotubes 
lead to genotoxic effect by two ways: directly interact with 
DNA; or indirectly–carbon nanotubes induced oxidative 
stress and inflammatory reactions [31, 32]. NPs are able 
to penetrate through the cell membrane and enter into 
the cell. Once NPs entered the organism they contact 
with biomolecules (lipids, carbohydrates, and proteins). 
Among cell compartments, mitochondria are considered 
as target organelle, which plays a major role in nanopar-
ticle-induced oxidative stress. It is important to define 
cellular uptake as it helps to understand the mechanism 
of delivering and interaction of NPs inside the cell. The 
present review aimed to report of ecotoxicity studies of 
engineered nanomaterials to model ecosystem; to aquatic 
organisms including animal and plants, focusing on the 

mechanism of transferring of nanomaterials in food chain 
[33–36].

2 � Inorganic nanoparticles

Thanks to developments in nanotechnology and accord-
ing to growing interest to the applications of produced 
nanostructures, different types of inorganic NPs (Fig. 3) 
and their numerous synthetic routes have been developed 
in recent years [36]. The inorganic NPs are considered to be 
the promising materials in the field of drug delivery and 
diagnostic imaging, catalysis, and development of new 
electronic devices. For instance, there are plenty of stud-
ies dedicated to the application of inorganic NPs in the 
cosmetics, food industry, environmental contamination 
control and etc [37]. There are many inorganic NPs based 
on metal- and nonmetal-containing NPs [38] that are intro-
duced into the ecosystem through anthropogenic route 
and as well as the result of various processes occurring in 
nature. For example, the inorganic NPs derived from forest 
fires, volcanoes eruption, from marine aerosols are found 
not to exhibit the perceivable toxic effect on the ecologi-
cal system. The various studies devoted to the distribu-
tion of naturally occurred NPs in living organisms reveal 
that they intensively incorporate into biological structures 
without any serious toxic effect [37, 38]. At same time, the 
anthropogenic nanoscale materials exhibit different phys-
icochemical properties, such as high surface-to-volume 
ratio in comparison with their bulk counterparts are con-
sidered to be not friendly towards environment and bio-
logical structures [39–42]. The toxicity of NPs depends on 
chemical composition, shape, size, particle chelating and 
surface charge [43] It is extremely important to evaluate 
the influence of inorganic NPs towards living organisms, 
as they are the major segments of food chains.

2.1 � Inorganic nanoparticles in the food chain

Research of biodistribution of NPs in the food chain is very 
significant in term of revealing of their toxicity and bio-
assessment [29]. NPs may introduce to food chain through 
assorted contaminants, which contain these potentially 
toxic substances [44]. The food chain is an important path-
way for investigation intake of NPs to high-trophic-level 
organisms [45]. The influence of inorganic NPs is explored 
in several models consisting of various living organisms, 
such as algal-zooplankton food chain [29]; terrestrial food 
chain [45]; Chlorella Vulgaris [46]; Arctic polynya ecosys-
tem [47]; mammalian cells [48]; Epinephelus coioides [49]; 
Eisenia Andrei [50]; Dunaliella tertiolecta [51]; marine food 
chain [52] and etc. There are many reasons that may affect 
to NPs transfer in the food chain, and among them, the 
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crucial factors are physicochemical properties of NPs, 
duration of exposure and different route of transfer [53]. 
Significant processes for tracking the trophic transfer of 
inorganic NPs are biosorption and bioaccumulation in 
the food chain [52]. Inorganic NPs enter organisms in the 
food chain through the soil, water, and feeding. In addi-
tion, these NPs may cause the toxic effect through changes 
of the level of reactive oxygen species, neutron activation, 
cell, mRNA and DNA damage [44].

2.1.1 � Titan oxide nanoparticles

The TiO2 NPs are applicable in the vast majority of skin care 
products, cosmetics, paints, surface coating. TiO2 have two 
allotropic forms: rutile and anatase, which show different 
surface properties, respectively lipophilic and hydrophilic. 
Both of them have toxic effects, however the toxicity of 
anatase is more pronounced in comparison with rutile’s 
toxicity [54]. The influence of TiO2 NPs has been learned 
mainly on freshwater ecosystems (Daphnia Magna, 
zebrafish) [53]; terrestrial ecosystems and etc [55].

The main consumers of TiO2 nanoparticles are children 
because candies, gums, desserts and beverages were 

enriched with the high level of TiO2 nanoparticles due 
to their optical properties which increase lightness and 
brightness of food products [56].

X. Zhu et al. investigated toxicity, bioaccumulation; 
biotransformation of TiO2 NPs in freshwater food chain 
consists of low trophic level organism daphnia and 
zebrafish–the high trophic level organism. The investiga-
tion of the influence of TiO2 on Daphnia Magna showed 
that the main reason for the toxicity of inorganic NPs is 
their exposure duration. Authors determined no biomag-
nification of TiO2 NPs in dietary intake, but at the same 
time, they reported that aqueous exposure of zebrafish 
led to the high-level accumulation of TiO2 NPs with high 
bioaccumulation factors [53]. B. Jovanovic et al. reported 
about enhanced mortality of fish from bacterial patho-
gens, Aeromonas hydrophila or Edwardsiella ictaluris in the 
presence of TiO2 NPs. They explained the high mortality by 
the immunotoxic effect of TiO2 NPs accumulated mostly in 
the kidney and spleen of fish. The correlation of depressed 
immune response towards pathogens due to the pres-
ence of TiO2 NPs firstly reported in this research. Authors 
concluded that pollution of the environment by TiO2 NPs 
could negatively interfere with the marine ecosystem 
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due to weakening of resistance against pathogens in fish 
organisms [57].

Moreover, the impact of TiO2 NPs investigated in the 
terrestrial food chain by Miyoko Kubo-Irie et  al. They 
explored the transferring of TiO2 NPs to the larval midgut 
of butterfly (Atrophaneura alcinous) through submerging 
of the root of the host plant (Aristolochia debilis) in the 
solution containing 10 μg/ml TiO2 NPs. The researchers 
used X-ray analytical microscopy, transmission electron 
microscopy, quantitative spatial information mapping 
(QSIM) technique for determining the accumulation of 
TiO2 NPs. Experiments reveal that nanoparticles are dis-
tributed in the ecosystem from the plant to the larvae and 
they spread back throughout the environment over larval 
excrement [55].

S. Amara et al. interrogated the toxic effect of TiO2 NPs 
in the organism of adult Wistar rats by means of induc-
tively coupled plasma-atomic emission spectroscopy 
(ICP-AES) and X-ray diffractometry (XRD). The intraperi-
toneal injection of TiO2 NPs (20 mg/kg body weight) led 
to increasing of the anxious index (AI) and pathology in 
the liver tissues in comparison with control. The authors 
observed accumulation of TiO2 NPs in the liver, lung, and 
brain and increasing of the platelet count [58].

Researches show that the main routes of TiO2 NPs intro-
duction in the living organisms occur through feeding and 
via environmental exposure and their toxicity is associated 
with chronic influence on immune cells and subsequent 
inflammation.

2.1.2 � Magnesium oxide nanoparticles

The main application areas of MgO NPs are electronics, 
catalysis, ceramics, antibacterial agent, food additive, fire 
retardant and corrosion inhibitor [59, 60]. Due to various 
application fields, MgO NPs can spread in the environ-
ment, aquatic ecosystem, terrestrial food chain and etc. 
MgO NPs can pass to levels of the food chain through 
water, soil, air, and a diet containing MgO NPs. For these 
reasons, the evaluation of their toxicity, uptake, accumula-
tion, and transfer in the food chain is quite important in 
order to assess the possible risks caused by exposure of 
living organisms to MgO NPs.

S. Ge et al. investigated the cytotoxic effects of MgO 
NPs on human umbilical vein endothelial cells (HUVECs) 
in vitro by MTT assay, DAPI staining analysis, NO release, 
and total antioxidation competence (T-AOC) assay. 
Authors noticed that at low concentration of MgO NPs 
the cytotoxicity is not observed, whereas at high con-
centration (higher than 500 mg/ml) MgO nanoparticles 
inhibited the growth rate in comparison with control. 
Authors indicated that magnesium oxide nanoparticles 
reveal toxicity and the relative growth rate slow down 

at lower particle size, higher concentration and expand-
ing of exposure time. At the same time, the surprise was 
that after 24 exposure the NO and T-AOC content signifi-
cantly increased 3.29 and 1.22 correspondingly [59, 61]. 
This may be caused by producing of the ROSs as result 
of MgO NPs impact and as response led to increasing 
of T-AOC content, which serves as effective antioxidant 
defence system decreasing the level of ROSs and their 
metabolites [59].

The investigation ecotoxic properties of MgO NPs are 
important for determining the dangerous effects of NPs 
towards aquatic organisms. Daoud Ali et al. have stud-
ied the ecological influence of magnesium oxide NPS 
in freshwater pond snail Radix leuteola L. (R. luteola) by 
dynamic light scattering and field transmission electron 
microscope. They observed DNA damage and increasing 
of enzyme level at higher concentration of MgO NPs [62, 
63]. M. Ghobadian et al. investigated the toxicity of MgO 
NPs taken at a wide range of concentration on zebrafish 
(Danio rerio). The paper reports of the considerable toxic 
effect of MgO NPs towards the hatching rate, survival, 
malformation, and cellular apoptosis. Authors specu-
lated that the toxic effect of MgO NPs may be caused by 
the increasing level of intracellular ROSs [63].

Kesmati M. et al. analyzed the influence of MgO NPs 
compared to bulky MgO (cMgO) in the interaction 
between their effects and anxiolytic effect, induced by 
exercises. The authors noted that bulky MgO did not 
show a significant effect on anxiety and locomotor activ-
ity in contrast to MgO NPs. The anxiolytic effect of MgO 
NPs can be caused by regulating glutamatergic neuro-
transmission and GABAergic neurotransmission [64–66]. 
The lack of anxiolytic effect of MgO NPs injected dur-
ing exercises, in authors’ opinion, may be explained by 
decreasing of concentration of ionic Mg in the cell due to 
binding with lactate. Authors concluded that MgO NPs 
could be prescribed as Mg supplement at hypomagne-
semia caused by intensive exercises [67].

Leila Jahangiri et al. evaluated anticonvulsive effect 
under the sway of MgO NPs comparatively to bulky 
MgO on strychnine-induced convulsion model in dia-
betic and non-diabetic male albino mice, due to there is 
a correlation between diabetes and idiopathic general-
ized epilepsy. They determined that bulky MgO didn’t 
cause changing death time after the injection to experi-
mental and control male albino mice groups. MgO NPs 
prohibited convulsion effect and changing death time 
after strychnine injection on normal and diabetic mice 
groups. Authors speculated that the effect of MgO NPs 
may be explained with higher activity of NPs and direct 
interaction with the central nervous system or through 
peripheral mechanisms [68].
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2.1.3 � Zinc oxide nanoparticles

The ZnO NPs find its application in the field of sensors, 
in the electrical and optical devices, dye-sensitized solar 
cells, varistors, chemical absorbent and etc [69–71]. In 
order to better understand the expected and unex-
pected effects that may be caused by the introduction of 
ZnO NPs into the ecosystem the detailed studies impact 
of ZnO NPs toxicity should be conducted [72].

Sung-Ji Yoon et al. investigated negative effects and 
bioaccumulation of ZnO NPs over the roots and shoots 
growth and reproduction of soybean plants in different 
concentration (0, 50, or 500 mg/kg) in a soil microcosm. 
The authors observed a reduction of surface area and 
volume of root and shoot biomass and negative effect on 
reproduction in soybean plants subject to ZnO NPs taken 
in high concentration [73]. Another study regarding the 
toxic effect of ZnO NPs compared to Zn2+ ions towards 
some soil microorganisms and plants was reported 
in [74] ZnO NPs spiked soil caused 100% mortality of 
the ostracod H. incongruent, after 6 days of exposure, 
whereas soluble Zn2+ ionic form exhibited only 21% tox-
icity effects. Authors considered that sharp differences 
in the higher toxic effect of ZnO NPs compared with 
soluble Zn2+ can be linked with nano dimensions and 
corresponded chemical and physical characteristics of 
ZnO NPs.

In another interesting study [75] was reported about 
the toxic effect of ZnO NPs on developmental processes of 
embryonic/larval zebrafish and reveal the transcriptional 
responses using microarray analysis. ZnO NPs toxicity was 
similar to the Zn2+ ions toxicity taken in comparable con-
centration, at the level of embryonic/larval development. 
However, malformations, which included edema of the 
pericardium, the tail and the yolk sac as a consequence 
of the impact of ZnO NPs were induced by overexpres-
sion ogfrl2 and cyb5d1 genes, and significantly altered the 
expression of genes associated with cytokine receptor and 
immune system. The results of this insight study reveal 
that the immune responses related to ZnO NPs were sig-
nificantly different in comparison to the ionic form of Zn.

The impact of engineered ZnO NPs on the physiologi-
cal performance and survival of the marine mussel was 
studied in [76]. Based on the results obtained from the 
research it is possible to predict the potential impact and 
better understanding of the toxicity of engineered ZnO 
on populations of coastal marine species, which is very 
important in term of maintaining water quality and sup-
porting biodiversity.

As it has seen the appropriate evaluation of the toxico-
logical impact of ZnO NPs on the living organism is a very 
important task in term of further safe application of engi-
neered NPs without harmful effect on the environment.

2.1.4 � Iron‑containing nanoparticles

The iron containing nanoparticles have high potential in 
application in the following fields such as: biomedicine 
[77–79], cellular labeling [80, 81], magnetic separation 
[80, 82], tissue repair, hyperthermia [83], magnetic reso-
nance imaging, magnetically guided drug delivery [80, 
84], molecular diagnostics [85] and catalysis [86, 87]. There 
are numerous reports about influences of magnetic iron 
nanoparticles towards biological system that have been 
learned through plant, animal models [73]. The impact 
of iron-containing NPs was observed in the marine food 
chain, their accumulation in organs and tissues, structural 
and ultrastructural damage, and activation of detoxifica-
tion processes in larvae and adults were detected [88–90].

As we know the artificial and natural supramolecular 
objects and nanostructures obey the self-assembling prin-
ciple. The authors of [91] exploited this idea and studied 
the syderophoric properties of nanostructures based on 
magnetite NPs and diazacrown ether that can play the role 
of both- ionophore antibiotic and iron chelating agent. 
It is known that gram-negative microorganisms need the 
higher concentrations of iron ions, so they secret the spe-
cial low-molecular compounds that are able selectively 
to coordinate the iron ions from extracellular space and 
by means of syderophoric channels to drag them into the 
bacterial cell. At the same time, the crown ether thanks 
to its ionophoric properties are able to disrupt the cell 
membrane potential and cause the death of bacteria. 
The results of experiments demonstrated that prepared 
magnetite-crown ether nanostructures have a significant 
antibacterial effect on gram-negative microorganism 
Klebsiella spp. and Escherichia coli, and even were able to 
inhibit their growth in biofilm almost in all concentrations. 
Ulviyya Hasanova et al. investigated the synthesis of the 
hydroxyl-containing azacrown macrocycle (MC), which is 
able to imitate natural siderophores properties. On the 
basis of synthesized MC were prepared the supramolecu-
lar ensembles with magnetite nanoparticles, loaded by 
cephalosporin antibiotics. NMR, mass-, FTIR spectroscopy 
methods, scanning electron microscopy (SEM), XRD analy-
sis methods were used to investigate synthesized MC and 
to analyze the morphology of prepared nano-ensembles. 
Results of experiments carried by prepared nanostructures 
tested on gram-negative Escherichia Coli and gram-pos-
itive Staphylococcus aureus showed that nanostructures 
significantly increase the antimicrobial effect of cephalo-
sporins and decrease their MIC [92].

The authors of another interesting research devoted 
to functionalizing the surface of magnetite nanopar-
ticles with cefotaxime and ceftriaxone antibiotics also 
reported of the influence of prepared nanostructures 
on gram-negative microorganisms Klebsiella spp., of 
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Enterobacteriaceae, and gram-positive bacteria Staphy-
lococcus aureus. According to the result of their investiga-
tion, the binding of antibiotics with Fe3O4 nanoparticles 
led to enhancing of antibacterial effect of cephalospor-
ins, due to so-called “Trojan horse” principle. The bacteria 
are not able to resist the antibiotic action because of the 
molecules of antibiotic-associated with magnetite NPs 
and easily penetrate through cell membrane [93].

It is considered that there are several types of 
approaches for exploring the toxic effect of NPs on 
plants. One of the most interesting biophysical methods 
of testing the effects of NPs on plants in vivo is Chlo-
rophyll fluorescence (ChlF). A.M. Maharramov and et al. 
reported of ChlF quenching induced by the iron oxide 
(Fe3O4, Fe2O3) and aluminium oxide (Al2O3) nanoparti-
cles in vivo experiments. They used fluorescence spec-
trophotometry for determining excitation and emission 
spectra of intact leaves of Elodea. Results showed that 
the intensity of ChlF reduced in the Fe3O4 and Al2O3 NPs 
solution on the light. The toxicity of Fe2O3 depends on 
the exposure period and the increasing of NPs concen-
tration slightly affects the plant. The experiment showed 
that Fe3O4 and Al2O3 NPs enter into the cell and might 
reduce chlorophyll content in the plant leaves. Thus, for 
assessment of the impact of the nanoparticles ChlF can 
serve as a reliable, noninvasive indicator of photosyn-
thetic processes in plants. The results of this experiment 
indicate that it is possible to use ChlF spectra for deter-
mining the toxic effect of nanoparticles to plants [94].

I.S. Ahmadov et al. investigated the uptake and move-
ment of magnetite NPs by the ESR method in elodea 
plants. The authors for the first time studied the root-
stem-leaves redistribution of magnetite NPs in elodea 
plants and supplied direct proof for biotransformation 
and bioaccumulation of Fe NPs in the plant by means of 
ESR spectroscopy. Stem, root or leaves of elodea exposed 
to an aqua solution of superparamagnetic iron oxide 
nanoparticles (SPIONs) with concentration 12.9 mg/ml. 
The results of the experiments showed that NPs may 
get into root tissues or cells and transport to stem and 
leaves. The concentration and exposure period strongly 
affect the distribution and accumulation of SPIONs in 
the plant organs. Authors concluded the feasibility of 
detection of SPIONs by ESR method even in the tissue of 
plants (in symplastic or apoplastic) when they interact 
with organic materials and sintered. It considered that 
short distance migration of SPIONs is favoured. However, 
the prolongation of the exposure period allows detect-
ing NPs for longer distance migration; SPIONs have 
been found in leaves of elodea even when the plant was 
exposed to a very diluted solution of SPIONs. The result 
of this study supplies the good evidence that ESR spec-
troscopy of paramagnetic NPs is a beneficial method for 

detecting uptake, accumulation, and transport of nano-
particles [95].

Sergey Bombin et al. learned the influence of magh-
emite NPs (Fe2O3) on Arabidopsis thaliana taken at differ-
ent concentration (3 and 25 mg/l). They found that the 
character of this influence is concentration dependent. 
Impact of iron oxide nanoparticles showed a reduction 
of root and seedling length, inhibition of seed germina-
tion at higher concentration [96]. Tapan K. Jain and et al. 
learned biodistribution, clearance, and biocompatibility of 
iron oxide magnetic nanoparticles in the rats. The accumu-
lation of iron NPs was observed in higher extends in the 
liver and spleen, then in brain, heart, kidney, and lung. The 
analyses of the results of this investigation have not shown 
long-term changes in the liver enzyme levels or inducing 
of oxidative stress [97]. The results of this study reveal that 
iron NPs are easily metabolized and biotransformed by the 
organism, which makes these structures biocompatible 
and opens wide perspectives to application in biomedical 
fields. J. Li et al. have learned the translocation and physi-
ological effects of magnetic iron oxide in the corn plant. 
They found that at higher concentration the magnetic iron 
oxide nanoparticles (g-Fe2O3 NPs) influence on decreas-
ing of corn root length, whereas the exposure at lower 
concentration (20 mg/l) led to (11.5%) root elongation and 
improved seed germination index and vigour index. By 
means of fluorescence and transmission electron micros-
copy (TEM) was shown the migration of Fe2O3 NPs from 
the epidermis to the endodermis leading to accumulation 
of NPs in the epidermis of root vacuoles. The authors con-
cluded that a better understanding of factors influencing 
on NPs impact will help in the further application of iron-
containing NPs as nanofertilizer [98].

Dr Kristin R. Di Bona has learned toxicity and biodistri-
bution of iron oxide nanoparticles in pregnant CD-1 mice. 
The article reports that the toxic effect of magnetite NPs 
depends on the NPs surface charge. They determined that 
both positively and negatively charged Fe3O4 NPs easily 
penetrate through placenta and cumulate in the liver tis-
sues of the fetal organism, but the toxic effect revealed 
the positively charged NPs resulting by the increasing of 
the fetal deaths. Authors concluded that, when designing 
the new NPs, applicable in biomedicine field, the surface 
charge should be considered as one of the important fac-
tors for risk assessment [99].

2.1.5 � Gold nanoparticles

Gold nanoparticles (Au NPs) are used as biosensors, ther-
apeutic agents [100], and promising carriers of biomol-
ecules [101–103]. In vivo experiments reveal that appli-
cation of some chemicals without a thorough evaluation 
of potential toxicity can bring to high risk of ecosystem 
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contamination, thus it is necessary to study the possible 
route of accumulation of Au NPs in the food chain [104].

Jared S. Bozich et al. investigated the toxic effects of 
negatively and positively charged ~ 4–5  nm gold NPs 
(AuNPs), functionalized with a wide range of organic mol-
ecules towards Daphnia Magna during short term and 
full life cycle. The positively charged Au NPs were found 
to be more toxic than the negatively charged Au NPs. 
Both of them showed different effects depending on the 
functional group on the reproduction ability of Daphnia 
Magna. The results of this study provide firm evidence that 
the toxic effects and the sustainability of NPs depend on 
surface chemistry. The high affinity of positively charged 
Au NPs to negatively charged cell surfaces may be among 
the possible reasons of higher toxicity in comparison with 
negatively charged Au NPs [105]. Authors also mentioned 
that the aggregation state in extra and intracellular media 
also influence on toxicity of engineered Au NPs. Authors 
emphasize that this fact can explain the higher toxicity of 
smaller sized Au NPs, enabling to easier introducing and 
interacting with cells organelles with further disruption of 
main metabolic pathways [106].

Chen et al. explored in vivo inflammatory effects, organ 
toxicity and distribution of 21  nm gold nanoparticles 
when injected intraperitoneally in adipose tissue male 
mice. They found that Au NPs mostly accumulated in the 
abdominal fat tissue, reducing the fat mass and inhibit-
ing the inflammatory effect. At the same time, Au NPs 
did not show valid toxicity in liver and kidney tissue of 
mice. Authors suppose that Au NPs may be used for treat-
ing obesity and obesity-related diseases as a therapeutic 
agent [107].

In another study was evaluated the toxic effect, bioac-
cumulation, and contamination of Au NPs in the experi-
mental model algal–zooplankton food chain (Fig.  4). 
The analysis showed that Au NPs entered the body of a 
zooplankton grazer (Daphnia Magna) by two ways; with 
contaminated phytoplankton food (Ankistrodesmus fal-
catus) and directly from the water. Au NPs was detected 
in the gut of Daphnia by bright field microscopy. At the 
same time, together with accumulation there was not 

determined the toxicity and behavioural changes in Daph-
nia Magna [29].

Jason M. Unrine et al. investigated the trophic transfer 
of Au NPs by means of soil media from Earthworms (Eisenia 
fetida) to bullfrogs (Rana catesbeina). Authors determined 
the accumulation of Au NPs in bullfrog organs such as liver, 
kidney, muscle, intestine, stomach, and spleen, explain-
ing it as a result of “trophic filter”. In their opinion, Au NPs 
trophic transfer most probably occurs from one organism 
to another through the food chain and it is more efficient 
than through direct contact of an organism with NPs [108].

In another approach authors determined trophic trans-
fer of Au NPs in the terrestrial food chain, consisting of 
model organisms Nicotiana tabacum L. cv Xanthi and Man-
duca sexta (tobacco hornworm). Jonathan D. Judy et al. 
paid attention to biomagnification and trophic transfer 
of Au NPs among terrestrial food chain depending on Au 
NPs size. Authors supposed that plant uptake and trophic 
transfer of Au NPs was linked with the structure of cell 
membrane and size of NPs [104].

2.1.6 � Rare and rare earth metal

Rare and rare earth metal nanoparticles may find their 
application in electronics, luminescent materials, fuel addi-
tives, catalysts, coating, biomedicine, and energy because 
of its low-redox potential, radical scavenging activity, high 
ionic conductivity, and enhanced UV absorbing properties 
[45, 109, 110]. Furthermore, rare and rare earth metal NPs 
also can release into the environment by means of various 
above-mentioned routes [44, 52, 53, 111].

Jason C. White et al. have studied the accumulation and 
trophic transfer of CeO2 nanoparticle in the terrestrial food 
chain which consists of zucchini (Cucurbita pepo L.), crick-
ets (Acheta domesticus), and wolf spiders (family Lycosidae). 
The accumulation of CeO2 NPs was determined in the flow-
ers, leaves, stems, and roots of zucchini by inductively 
coupled plasma mass spectrometry (ICP-MS). The authors 
emphasize that many unanswered questions arise from 
this study, among them the mechanism of accumulation 
and transport, the physical state of these nanostructures 
in the subcellular space, the concentration dependence 
and the real danger to the human organism in the case 
that these nanostructures enter the food chain where the 
top consumer is the human [112].

The authors of review [110] devoted to the biologi-
cal application of CeO2 NPs pointed that due to the 
quick conversion of Ce ions from +3 oxidation state to 
+4 they can mimic enzymatic functions and serve as an 
antioxidant during redox reactions occurring in living 
organisms. These antioxidative effects were described 
in numerous studies that reported experiments car-
ried in vitro in simple buffer solutions. However, further Fig. 4   Algae-zooplankton-fish food chain
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investigation of this topic demand in vivo experiments 
in biological media in order to evaluate the CeO2 NPs 
toxic effects.

Sanghamitra Majumdar et al. learned the impact of 
cerium oxide nanoparticles in terrestrial food chain con-
sisting Kidney bean plants (Phaseolus vulgaris var. red 
hawk), Mexican bean beetles (Epilachna varivestis), spined 
soldier bugs (Podisus maculiventris). They observed bio-
magnification and bioaccumulation of CeO2 in Kidney 
bean plant tissues (roots, stems and leaves) and larval 
tissues of Mexican bean beetles and spined soldier bugs 
by means of inductively coupled plasma-optical emission 
spectroscopy (ICP-OES). Authors concluded that inten-
tional or accidental release of CeO2 NPs can cause pol-
lution of cultivation crops, areas and the trophic transfer 
and accumulation of Ce NPs in food chain [44]. Fate and 
phytotoxicity of CeO2 nanoparticles have been examined 
in lettuce by Xin Gui et al. They used ICP-MS and X-ray 
absorption for determining CeO2 NPs in lettuce plants. 
The authors determined the influence of CeO2 NPs at dif-
ferent concentration interval (100 mg/kg and 1000 mg/kg) 
on lettuce plant. The toxic concentration for plant growth 
was observed at 1000  mg/kg whereas concentration 
ranges at about 100 mg/kg enhance the plant growth. The 
results of experiments demonstrate that at high concen-
tration of CeO2 NPs the activity of Superoxide dismutase 
(SOD), Peroxidase (POD) and Malondialdehyde (MDA) was 
depressed. Authors explain the NPs toxicity by the biocon-
version of Ce 4+ into Ce 3+ ions [113].

Yuhui Ma et al. have examined the toxicological and 
biological effects of La2O3 and CeO2 NPs to cucumber 
(Cucumis sativus) plants. The experiments show that La2O3 
NPs have inhibition effect on the root, shoot elongation 
and biomass at different concentration, whereas in case 
of CeO2 NPs there was no phytotoxicity on cucumber at 
all tested concentrations (2 mg/l–20 mg/l–2000 mg/l). For 
the investigation of distribution and speciation of these 
NPs authors used synchrotron-based micro X-ray fluo-
rescence microscopy and X-ray absorption spectroscopy. 
Authors assume that higher phytotoxicity of La2O3 NPs is 
connected with better dissolution and thus easier penetra-
tion, binding and movement insight of plant organs [114].

Yunyun Chen et al. studied the influence of yttrium 
oxide NPs as well as their uptake, gathering, circulation 
and concentration mapping in cabbage (Brassica oleracea). 
The results obtained from the research show that while 
yttrium oxide NPs easily uptake by roots they did not 
operatively mobilize and transferred through the leaves 
and cabbage stem. Authors indicate that synchrotron 
dual-energy X-ray micro-tomography is the good choice 
for determining of yttrium oxide-NPs accumulation with 
3D visualization in the cabbage root, but there are some 
limitations of application of this method. They notice that 

it is not capable to detect the fate of Yt biotransformations 
in the plant organism [115].

M.A. Ramazanov et al. investigated the interaction of 
ZrO2, Al2O3 and Ni NPs with plant cells’ plasmatic mem-
brane, affecting the activity of H + -ATPase and redox 
system. Results showed that according to the NPs type, 
duration of exposure and concentration the electrical 
parameters of plasmatic membrane changes. It was found 
that ZrO2, Al2O3, and Ni NPs strongly depolarize membrane 
potential and significantly affect H + -ATPase electron-pro-
ton pumps activity. However, it was shown that NPs do 
not strongly influence the redox type of proton pumps. 
Electrophysiology studies show that endocytosis migra-
tion of NPs across the plasma membrane of plant cells, 
make changes in the function and structure of plasma 
membrane and it depends on nanoparticles size, con-
centration and exposure time. The exposure of plant cells 
with aqueous solutions of NPs leads to decrease of plas-
matic membrane potential (MP) and membrane resistance 
(MR). The effect of NPs in green cells depends on media 
light–dark regime. The results of experiments show that 
while NPs interact with the plasmatic membrane of cells 
the H + -ATPase proton pump is more sensitive to the NPs 
exposure rather than redox type of proton pump. Nano-
particles change the mineral nutrition of plant cells and 
the plasmatic membrane damage can play a key role in 
cell death [116]. So, as it can be seen the assessment of the 
impact of rare and rare earth metal NPs on the environ-
ment is very essential because these NPs can easily spread 
through all trophic levels and reveal the toxic effects on 
representatives of the food chain.

2.1.7 � Copper‑containing nanoparticles

Copper oxide NPs (CuO NPs-1-100 nm) have various appli-
cation fields such as catalysts, magnetic storage media, 
solar energy transformer, solar cells and lithium batteries, 
semiconductors and field emission, gas sensors, biosen-
sor in drug delivery, electronic chips, and heat transfer 
nanofluids. Due to their unique properties (chemical effi-
ciency, photovoltaic and photoconductive properties, 
melting temperature, surface effect) and wide application 
area there is a need for clarification of the impacts of Cs 
measured the negative influences of Cu NPs on growth 
and development of juvenile carp with biochemical, his-
tological and two-dimensional (2D) proteomic analysis 
[117]. The non-lethal effects of CuO NPs were studied by 
Villarreal et al. on Mozambique Tilapia (Oreochromis mos-
sambicus) at 0.5 and 5 mg/l concentration in the constant 
freshwater (FW) and in environmental salinity (SW). This 
study showed that CuO NPs caused sublethal changes: 
antioxidant enzyme activities, metal-binding protein 
mRNA and grow of Cu+2 ions concentration in liver and 
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gills of fish, increasing opercular ventilation rate, GSH/
GSSG ratio (glutathione/glutathione disulfide). However, 
it was emphasized that these effects were environmental 
dependent and more pronounced in the environmental 
salinity [118].

S. Nations et al. studied the influence of CuO NPs on 
Xenopus laevis to determine the level of growth and 
development during the 14  days (Subchronic) and 
47 days (Chronic). In the period of Subchronic exposure 
was observed the highest mortality rate at concentra-
tions–0.625, 1.25, and 2.5 mg/l. However, they indicate 
that high-level mortality during chronic exposure was 
observed at 0.3  mg/l. The results of experiments with 
CuO NPs taken at different concentrations revealed that 
body length of tadpoles was much longer than controls 
at 0,625 mg/l or fewer concentrations, whereas at higher 
concentrations the total body length of tadpoles was less 
in comparison with the control group during subchronic 
exposure. During the chronic exposure, total body length 
of tadpoles was recorded bigger than in the control group 
[119]. In another research were studied the ecotoxicologi-
cal influence of various concentration CuO NPs and bulk 
CuO on Lemna minor. C.O. Ogunkunle et al. accurately 
estimated the biotransformation, accumulation and toxic 
effects of Cu NPs in cowpea (Vigna unguiculata) by X-ray 
absorption near edge spectroscopy (XANES). The powder 
of Cu NPs was introduced into soil and the accumulation 
of Cu NPs observed in all organs plant in the stem, leaves, 
and roots of cowpea [120, 121]. Singh et al. evaluated the 
Cu containing NPs on the environment [113, 122, 123].

Y.R. Gupta et al. investigated the influences of Cu NPs 
on juvenile carps (Cyprinus carpio) taken at two concentra-
tions ////(20 and 100 mg/l). They observed considerable 
increasing of the level of reactive oxygen species (ROS), 
superoxide dismutase and glutathione-S-transferase in 
the kidney, liver, and gills at exposure group in compari-
son with the control groups. In this study changes of plant 
growth, chlorophyll content, antioxidant defence enzyme 
activities (catalase, peroxidase, superoxide dismutase 
activities), and malondialdehyde content. They observed 
accumulation of high level of reactive oxygen species and 
the more pronounced toxic influence of CuO NPs in com-
parison with bulk CuO. The authors supposed that this is 
due to the releasing of Cu2+ in the culture media that was 
estimated to be 50 mg/l. The evaluation of CuO NPs toxic-
ity on hydrophytes is very important because of hydro-
phytes is an essential part of the marine and freshwater 
ecosystems [117].

2.1.8 � Silver nanoparticles

There are numerous studies describing of unique chemi-
cal, physical and pronounced antimicrobial properties of 

silver nanoparticles (Ag NPs) [124–126] and the possibil-
ity of their application as anticancer agents [127], water 
removers [128] optical sensors, for treatment of wounds 
and etc. Besides, Ag NPs have been widely used for food 
and food packaging materials thanks to the antimicro-
bial properties. It is the reason for transferring into the 
food and then could be ingested by people. At the same, 
some studies regarding assessment of the AgNPs toxicity 
revealed the necessity to investigate the aspects of nega-
tive impacts of these NPs on the food chain and environ-
ment [127–131].

The toxicity and accumulation of Ag NPs on freshwater 
larvae of Chironomus and fish Danio rerio was investigated 
by M. Asztemborska et al. The introducing of these NPs 
into the organism of top consumer-fish occurs by feed-
ing them with freshwater larvae preliminarily exposed to 
Ag NPs. In this article, authors consider the application of 
neutron activation as one of the most appropriate meth-
ods for detection of accumulation of NPs. Authors empha-
sized that the transfer of NPs through food led to higher 
accumulation of Ag NPs compared when they enter into 
the living organism by consumption of NPs soluble in the 
water [132]. Y. J. Chae et al. carried out the comparative 
analysis of the effect of Ag ions and Ag NPs on Japanese 
Medaka  (Oryzias latipes) [133]. The results of the study 
show that Ag NPs affect the DNA and changes the level of 
mRNA. Additionally, accumulated Ag NPs cause histologi-
cal changes in the liver tissue of fish. Ag ions also cause 
metallic detoxification processes in the liver of Japanese 
Medaka. Researchers defined that both of them have toxic 
effects on fish, however, the toxic impact of Ag NPs was 
higher than that of Ag ions [133, 134].

In another study transfer and toxic influence of Ag NPs 
in different concentrations were evaluated on terrestrial 
food chain consisting of earthworm (Eisenia Andrei) and 
Collembola (Lobella sokamensis). The soil preliminarily was 
treated with an aqueous solution of Ag NPs for transferring 
of NPs to the body of earthworm. Then the Collembola 
was feeding with a treated earthworm. Results of the study 
show that at low concentrations of Ag NPs the earthworm 
was not affected and as consequences there was observed 
the low accumulation of Ag NPs in Collembola, whereas 
at high concentrations they resulted with death of earth-
worm juvenile and correspondingly led to the higher level 
of NPs accumulation in Collembola and consequently to 
reducing of Collembola locomotion [50, 135].

Oukarroum et al. explored the toxicity of Ag NPs with 
the aim of evaluation of their influence on the aquatic eco-
system, consisting of green algae, Chlorella vulgaris, and 
Dunaliella tertiolecta. According to the results of the study, 
there were observed the negative effect of Ag NPs on both 
of them that was explained by the raising of the level of 
reactive oxygen species. Additionally, researchers defined 
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that Ag NPs have a strong influence on chlorophyll content 
and viable algal cells [51].

2.1.9 � Silica nanoparticles

Last times the interest towards synthesis and application 
of silica NPs is growing day by day. There are a lot of reports 
about the application of mesoporous silica nanoparticles 
(MSNs) as optical devices, drug delivery systems, fillers cat-
alyst, adsorbents, in vouro-imaging and biomedical field. 
Due to the expanding of possible impact and release of 
SiO2 NPs into the environment, their toxicity towards liv-
ing organisms should be clarified and assessed [136–138].

Hofmann T. et al. examined the prenatal toxic impact of 
synthetic amorphous silica (SAS) nanoparticles during the 
gestation of Wistar rats. Pregnant Wistar rats were exposed 
to various concentration (100; 300; 1000  mg/kg body 
weight per day) of SAS NPs through the oral direction. 
Researchers identified fetal and placental weights, num-
bers of corpora lutea, live and dead fetuses. According to 
the result of research the all concentrations of SAS NPs led 
to no maternal or embryo-fetal toxic effect on fetuses and 
no alteration at placental or fetal weights [139]. In another 
investigation was evaluated the toxic effect of fluorescent 
core–shell silica nanoparticles (FSNP) taken at a different 
concentration to zebrafish (Danio rerio) embryos. K. Fent 
et al. assessed morphological alterations, hatching time 
and success. Nevertheless, they observed no differentia-
tion hatching success and time, no mortality. FSNP accu-
mulated on the chorion of the zebrafish eggs. The results 
of the investigation show that FSNP did not cause evident 
alteration and toxicity at 0.0025–200 mg/l concentration 
on early life stages of zebrafish (Danio rerio) [140].

The toxic impact of stable and monodisperse amor-
phous SiO2 NPs (25 nm) was evaluated on living Hydra 
vulgaris (Cnidaria). Researchers observed paralysis of 
the gastric zone, animal morphology differentiations, 
enhancement of apoptotic and collapse cells, a decrease of 
the epithelial cell proliferation rate. Despite these changes, 
Ambrosone et al. emphasized that SiO2 NPs not caused 
lethal toxicity. Authors considered that Hydra is able to 
adapt to high doses of SiO2 NPs and adjust its homeostasis 
[141].

Chenxi Wei et al. investigated the toxic influence of SiO2 
nanoparticles (NPs) and bulk SiO2 (BPs) suspensions on 
chlorophyll content and growth of Scenedesmus obliquus. 
The results of experiments revealed that the toxic effect 
of SiO2 NPs at 50, 100, and 200 mg/l concentration was 
accompanied by a reduction of photosynthetic pigment 
content. They determined that SiO2 BPs have not toxic 
effects under 200 mg/l in contrast to the SiO2 NPs. Authors 
supposed that the sorption of SiO2 NPs with algal cells 

surface was the possible reason for the toxicity of SiO2 NPs 
on aquatic ecosystem [142].

Krishna Priya et al. explored the influence of silica NPs 
taken at various concentrations on the representative of 
the aquatic environment such as freshwater fish Labeo 
rohita during 96 h. Researchers observed the alteration 
of haematological (haemoglobin (Hb), hematocrit (Hct), 
red blood cells (RBC), white blood cells (WBC), mean cor-
puscular volume (MCV), mean corpuscular haemoglobin 
(MCH) and mean corpuscular haemoglobin concentration 
(MCHC) values), ion-regulatory (plasma sodium (Naþ), 
potassium (Kþ) and chloride (Cl) levels and Naþ/Kþ) and 
enzymological (ATPase activity in gill) parameters in the 
tested group. Authors concluded that changes of these 
parameters caused by toxicity of SiO2 NPs lead to physi-
ological stress and are able strongly to influence on the 
health conditions of the aquatic organisms [143].

So, some researchers consider silica NPs as biocom-
patible with minimal toxicity towards living organisms, 
whereas the results of other studies point to the pro-
nounced toxic effect of these NPs. The more detailed stud-
ies regarding assessment of silica NPs toxicity is required, 
in order to evaluate the possible impact of engineered 
silica containing NPs in some applications.

2.1.10 � Carbon‑based nanomaterials in the food chain

Due to the exceptional physicochemical, electronic prop-
erties and possibilities of the surface engineering of 
carbon-containing nanostructures they have very broad 
application fields. They are considered to be promising 
materials for drug and gene delivery, automotive and avia-
tion industry, cosmetics, electronics, in the environmen-
tal and agricultural sectors. Scientists try to improve the 
potential of carbon-based material in their wastewater fil-
tration systems. According to broad application fields and 
as consequences the possibility of the releasing of these 
nanostructures in the ecosystem there is a huge demand 
to learn the influence of carbon-containing nanomateri-
als on food chain, plant and animal organisms [144–151].

Graphene consists of single layers of sp2 hybridized 
carbon atoms, and the distance between the layers is 
0.142 nm. Owned to its nanosized structure graphene 
is a material with high thermal stability and mechanical 
strength [150]. Graphene widely used as gas and biosen-
sors, field emission (FE) displays, Li-ion battery, and hand-
held devices and etc [152].

Carbon nanotubes consist of sp2 hybridized carbon 
atoms forming hexagonal and pentagon perfectly ordered 
structure. Carbon Nanotubes (CNTs) are wrapped layers 
of graphene divided into two groups depending on the 
numbers of layers: single-walled nanotubes (SWCNTs) and 
multi-walled carbon nanotubes (MWCNTs). SWCNTs have 
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the diameters ranging from 0.6 to 2.4 nm and MWCNTs 
with diameter from 2.5 to 100 nm. SWCNTs have three 
subclasses such as armchair; zigzag; chiral structures 
[148–150]. Carbon nanotube have broad perceptivities 
to be used as carrier for drug delivery, biomedical appli-
cations, catalyst, bio- and chemical sensors and etc [153, 
154].

J. K. Kim et al. investigated the toxicity and influence 
of graphene nanoplates at different concentrations (0.12, 
0.47, and 1.88 mg/m3) using inhalation system on the base 
of graphene nanoplates on male Sprague–Dawley rats 
during 28 days. The existence of graphene in the air and 
biological media was followed through the transmission 
electron microscopy. Researchers did not observe pathol-
ogy in the lung during the exposure time. Result of the 
investigation shows that graphene caused no meaningful 
enhancement in inflammatory cells, inflammatory markers 
and considered to reveal the low toxicity [155].

In contrast with the layered structure of graphene, the 
fullerenes consist of 60 carbon atoms in the sp2-hybridized 
state having a spherical shape. The most stable and sym-
metric representative of fullerenes family is fullerene C60 
(Cn clusters n > 20). The surface of fullerenes is comprised 
of pentagons and hexagons [150]. The functionalized 
fullerenes can find application in biomedicine (medici-
nal agents), as fuel and solar cells, hydrogen gas storage, 
fullerene-based sensor and etc.

The toxic impact of fullerenes [C60, C70, and C60(OH)24] 
learned on embryonic zebrafish by Usenko et al. Research-
ers observed considerable increasing the level of malfor-
mations, pericardial oedema, and mortality in the tissues 
of embryonic zebrafish. In accordance with results of the 
study of the toxicity of engineered C60 and C70 fullerenes 
were found that C60(OH)24 fullerenes revealed lower toxic-
ity compared with non-engineered fullerenes. C60(OH)24 
fullerenes caused no differentiation apoptosis in embry-
onic cellular in contrast to the C60 fullerenes [156].

M. Revel et al. estimated the toxic effects, bioavailability, 
sediment existence, possible impurities and term of expo-
sure of single-walled carbon nanotubes (SWCNT) taken in 
various concentration (0, 10, 32, 100, 320, and 1000 mg/l) 
towards ecosystem-freshwater amphipod, Hyalella Azteca. 
They observed no mortality in tested organisms that were 
exposed to SWCNT taken at 10–40 mg/l concentration 
interval, but the accumulation of SWCNT occurred in the 
gut of freshwater amphipod. The exposure of Hyalella 
Azteca to 320 mg/l concentration of SWCNT led to their 
mortality [157]. S. Youn et al. investigated the influence of 
SWCNTs suspended in gum Arabic (0.023% and 0.046% 
GA) on Pseudokirchneriella subcapitata with biochemical 
and spectroscopic techniques during 96-h algal bioassays 
and long-term studies. Researchers determined quantita-
tive (algal biomass) and qualitative (morphology) changes 

of P. subcapitata caused by SWCNTs. They reported that 
there was not observed growth reduction of P. subcapitata 
at exposure to the 0.01–0.05 ppm SWCNT in the 0.023% 
GA, whereas at higher concentrations the SWCNT revealed 
high toxicity [158].

The influence of various concentration (10, 50, 100 and 
200 ppm) MWCNTs were studied by Pilevar et al. on Cicho-
rium intybus L. They observed phytotoxicity of 10 ppm of 
MWCNTs on Cichorium intybus L. that reveal itself as the 
decrement of relative germination percentage (RGP), 
germination index (GI), germination percentage (GP, %). 
MWCNTs had not to influence plumula length, radicle 
length, seedling fresh and dry weight and vigour index 
[151].

3 � Organic nanoparticles

Organic NPs regarded as another largest group of nano-
materials. The history of synthesis and application of 
organic NPs is not so long in comparison with inorganic 
NPs. Most of the approaches to produce and investigate 
the inorganic nanomaterials are not applicable to organic 
NPs, according to the fact that properties of organic mate-
rials (such as lower sublimation and melting point, crystal-
line structure, etc.) sharply differ from the ones of inor-
ganic NPs. Organic NPs composed of organic compounds 
(lipids, polymer, carbohydrate, DNA, RNA, proteins and 
dendrimers) have larger sizes compared to inorganic NPs 
[159]. Size of organic particles plays a determinative role 
in their applications throughout many fields such as opto-
electronics, biomedicine and environmental science [160]. 
Thanks to their unique properties they investigated mainly 
in drug designing and delivery, food, and food processing 
industry, electronics, agriculture, defence, fermentation 
technologies, chemical industries and etc [161].

3.1 � Organic nanoparticles in the food chain

It is well known that the bioavailability, mobility and bio-
logical fate of NPs depends on their physical–chemical 
characteristics, shape, charge, size and etc [162–164]. The 
bare nano-sized particles when introduced in organism 
are supposed to be covered with biomolecules by means 
of non-covalent and covalent interactions. The biomol-
ecules in the biological fluid, such as peptides, proteins, 
and carbohydrates and etc., bind to the surface of the NPs, 
forming a corona [165–169]. The compositions of these 
coating depend on size, surface chemistry of NPs and 
strongly influence the dynamic properties of NPs [167, 168, 
170]. The proteins in the NPs corona can affect aggregation 
tendency [170–172], cause change or loss their function 
[173].
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Previous studies show that engineered NPs can be 
released in the environment, soil, atmosphere and water 
(oceans, lakes) through sewage plants, aerial deposition 
and waste handling [173, 174]. Organic NPs can insert into 
organism directly (passage across gills or external surface 
epithelia) or indirectly (through inhalation system or 
digesting intake), through the food chain from one organ-
ism to another [175, 176]. The higher trophic levels of the 
food chain can be exposed to NPs through lower trophic 
levels [177]. For example, the polystyrene NPs can be trans-
ferred to crucian carp (Carassius carassius) by food chain 
route [178–181] consisted of three trophic levels, including 
algae (Scenedesmus sp.), zooplankton (Daphnia Magna), 
and crucian carp (Carassius carassius) [182].

Over the last years, the use of organic NPs in consumer 
goods enormously raised, but it should be noted that 
there is a gap of statistical and practical data about their 
impacts on human health and ecosystem function. For 
example, the big concern related to the increasing amount 
of plastic material waste products at ecosystem and it is 
claimed that after a while they convert to nanoscale par-
ticles, which may have harmful effects on living organisms 
when degraded [183–186].

3.1.1 � Polymeric nanoparticles

Polymeric NPs are solid particles with 10–1000 nm size 
made of biocompatible and biodegradable polymers. 
There are crucial demands towards the properties of poly-
mers used in preparation NPs for biomedical applications; 
they should be non-toxic, non-antigenic, biodegradable 
and biocompatible. Particularly, most promising drug 
carriers are considered to be polymeric NPs made of dif-
ferent synthetic (polylactides, poly(alkyl cyanoacrylates)) 
[187–190] and natural polymers (gelatin, albumin, chi-
tosan, sodium alginate) [191–193]. Although, there are 
several chemicals, physical and biological barriers for 
drugs to reach the closed areas of organism, it is believed 
that natural and synthetic polymer-based nanocarriers 
have tremendous potential for targeting drug delivery sys-
tems, enabling to pass the blood–brain barrier and using 
for diagnosis and treatment of brain disorders.

Polysaccharide and protein particles mainly used as 
nanocarriers as they are able to reduce drug’s adverse 
effects and toxicity [194]. Owing to progress in polymer 
science and technology, polymeric NPs have many appli-
cations at many other areas such as photonics, conducting 
materials, biotechnology, electronics, sensors, pollution 
control and solving of environmental issues [195–200].

Some polymeric NPs occur in the environment naturally 
and considered as prominent biomolecules, which have 
distinguishing features such as balancing the biocom-
patibility, stability, biodegradability, and functionality of 

nanocarriers [201]. According to this, carefully designed 
and appropriately surface-functionalized nanocarriers 
on the base of carbohydrate molecules, they are able to 
serve as some effective therapeutics for hardly treatable 
diseases. Thanks to their availability on a large scale, well-
defined structure, high water solubility, biodegradability, 
and low aggregation, carbohydrates have a wide range of 
applications. Besides their role in biological signalling, car-
bohydrates also have other biological functions, including 
energy storage, protection of cell organelles, modification 
of the properties of peptides or proteins, etc., which might 
provide additional advanced properties [202]. Nowadays 
there is a great interest in the use of carbohydrates as bio-
mimetic functional molecules for the engineering of NPs 
surface. The investigation carried by D.C.Kennedy showed 
that monosaccharide, coating of silver NPs, modulates 
cellular uptake and decrease their toxicity. Galactose and 
mannose-coated NPs were significantly less toxic to both 
neuronal-like cells Neuro-2A and hepatocytes, compared 
to particles functionalized with glucose, ethylene glycol 
or citrate. Observed toxicity was strongly correlated with 
intracellular oxidative stress, measured as protein carbon-
ylation, but it does not strongly affect the cellular uptake 
[203].

A.M. Maharramov et al. investigated new water-dispers-
ible nanostructure-based superparamagnetic iron oxide 
nanoparticles (SPIONs) coated by 2-Deoxy-d-Glucose 
(2DG). In the molecule of 2DG, the hydroxyl group of sec-
ond carbon is replaced with the hydrogen atom. Since can-
cer cells require more energy they admit 2DG as a glucose 
molecule. 2DG–the glucose analogue blocks the glycolytic 
pathway in cancer cells, and thus the biological activity of 
prepared NPs has been observed by growth inhibition of 
colorectal cancer cell lines. This research shows that SPI-
ONs coated by 2DG could be used for targeting delivery 
and reduces the toxicity of pristine 2DG [204–206].

The main flows by means of which NPs release to the 
environment is wastewater, sewage sludge, and waste 
incineration of products containing polymeric NPs [207]. 
In these regards, the investigations devoted to the evalu-
ation of the toxicity of engineered synthetic organic NPs 
towards representatives of different trophic levels: bacte-
ria, plants, aquatic and terrestrial organisms are among 
actual environmental problems [208].

3.1.2 � Polystyrene nanoparticles

The NPs derived from polystyrene mainly found in marine 
debris degrades slowly and generated small ranged parti-
cles, which easily consumed by wildlife [209]. The authors 
of [210, 211] studied the possible route of styrene NPs 
introduction into top consumer through the food chain. 
They found out that these NPs are cumulated into the 
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tissue of the brain, liver, blood, muscles, testis by means 
of direct transfer through skin and gills. Additionally, nano-
particles can form complexes with substances in natural 
media and are entered to fish through the food chain. 
Therefore, the results of the investigation of polystyrene 
NPs impact on living organisms claim that they effect par-
ticularly on behaviour, metabolism, and physiology on the 
top consumer. The creation of simplified model food chain 
can assist to understand and assess the possible toxicity 
of engineered organic NPs towards the aquatic animals 
and plants [182, 186, 210]. K. Mattsson et al. investigated 
the effects of polystyrene NPs on Crucian carp (Carassius 
carassius) by introducing 24–27 nm sized particles in their 
diet. The behaviour of fish was recorded during the 62 days 
and at the end of the experiment, they were accurately 
weighed and measured. The magnetic resonance spectros-
copy (NMR) was applied for the determination of changes 
in the metabolism of test and control groups of fish. In 
order to reveal the behaviour differences in the control 
and test groups of fish, have been examined the motion 
picture that showed that test fishes become less active and 
energetic due to slow down of the metabolic processes 
they gathered to swam together. Additionally, it can be 
clearly seen that morphology of brain tissues differ in 
these two groups. After feeding off them with polystyrene 
NPs the test fishes brain tissue becomes heavier, swollen-
looking and fluffy in texture [179]. T. Cedervall et al. inves-
tigate the impact of commercially manufactured polysty-
rene NPs to Crucian carp by adding 24 nm nanoparticles 
to their diet in the laboratory model of food chain com-
posed of three trophic levels, including algae (Scenedes-
mus sp.), zooplankton (Daphnia Magna), and Crucian carp 
(Carassius carassius).The lipoproteins are essential for the 
fat metabolism and when spherical polystyrene NPs were 
introduced to fish they bind with fat-carrying apolipo-
proteins apoA-I, that in turn affect their metabolism and 
behaviour. Researchers incubated polystyrene NPs with 
serum collected from Crucian carp (Carassius carassius), 
Bleak (Alburnus alburnus), Rudd (Scardinius erythroph-
thalmus), Tench (Tinca tinca), Pike (Esox esox), and Atlantic 
salmon (Salmon salar) for identifying proteins that are able 
to bind to these NPs in fish serum. The mass spectrometry 
analysis was used for determination of polystyrene NPs 
in fish serum. The results showed that these NPs affected 
lipid metabolism and behaviour of the top consumer; 
they lose weight, the ratio and distribution of cholesterol 
to triglycerides in blood serum and at liver and muscle 
changed [182]. Shosaku Kashiwada used water-suspended 
fluorescent NPs to explore their distribution in the eggs 
and bodies of see-through medaka (ST II) (Oryzias latipes). 
Authors study ST II as a model because these animals have 
transparent embryos and body throughout its entire life, 
small size, tolerance toward wide salinity and temperature, 

short generation time and due to the fact that function of 
their tissues and organs are identical to those of mammals. 
ST II eggs exposed to fluorescent particles made of latex 
with a diameter of 39.4–42 nm. Results of experiments 
showed that the mortality among the tested group was 
not observed. Fluorescence was found in whole eggs. In 
comparison with the yolk area, oil droplets and the egg 
envelope (chorion) showed higher fluorescence, however, 
no fluorescence was noticed in the spleen. Moreover, NPs 
were found in the blood, testis, liver, and brain of ST II. It 
was clearly shown that the concentration of NPs was 16.5 
and 10.5 ng/mg in the blood of male and female respec-
tively. The determinations of fluorescence in the brain tis-
sue prove that NPs are able to pass the blood–brain barrier 
[210].

In conclusion, it should be noted that researches show 
that while nanoparticles involved in the food chain they 
can cause different changes in the organism of the top 
consumer. The main changes are observed in the metabo-
lism and behaviour of tested organisms, such as slowly 
moving and swam closer. Moreover, the experiments 
reveal that NPs can cumulate in the liver, muscles, testis, 
blood, and brain of the test organisms. Due to the raised 
water content of brain texture at test top consumers, it 
becomes fluffy and nanoparticles mainly concentrated in 
the gills and intestine.

3.1.3 � Dendrimers

Dendrimers are monodispersed synthetic particles with 
the range of 10–100 nm that are highly branched spheri-
cal polymer molecules with multivalent functional end 
groups [212, 213]. Dendrimers are classified according to 
their sizes, chemical compositions and molecular weights 
depending on polymerization degree [214, 215]. For the 
first time, the family of dendrimers was mentioned by D.A. 
Tomalia et al. in 1985 [209]. The term dendrimer was taken 
from the Greek words “Dendron” that means tree. There are 
two main approaches in the synthesis route of dendrimers: 
divergent synthesis (starting from the central core toward 
the periphery) and convergent synthesis (starting from the 
periphery toward the central core). Thanks to host–guest 
properties of dendrimers and their crucial properties like 
monodispersity, nano-size and shape, biocompatibility, 
periphery charge, dendrite membrane interaction and 
pharmacokinetics, they use a different type of drug deliv-
ery such as oral, ocular, transdermal, targeted drug deliv-
ery. Besides, in the medical field is applied dendrimers for 
cancer therapy. Dendrimers have been investigated as a 
carrier for numerous drugs such as anticancer, antiviral, 
antimalarial, antiprotozoal, anti-tubercular drugs and 
in gene delivery by means of introducing the external 
DNA into the cell. By tuning of dendrimers properties as 
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a proper drug carrier system, it is possible to minimize 
the side effects and increase the therapeutic efficiency of 
actual drug [216–220].

Despite broad applicability in the medical field, the use 
of dendrimers in a biological system is constrained due to 
their toxicity. The observed toxicity of dendrimers in vivo 
experiments is explained by the interaction of their posi-
tively charged surface with negatively charged biological 
membranes. As a result, several processes such as mem-
brane disruption via nanohole generation, membrane 
thinning and erosion occurred. Toxicities of dendrimers in 
the biological system commonly are defined by hemolytic 
toxicity, haematological toxicity and cytotoxicity. For keep-
ing down the toxic effects two strategies have been used; 
masking of peripheral charge of dendrimers by surface 
engineering and synthesis and designing of biocompat-
ible dendrimers [221]. Pryor J.B. et al. explored embryonic 
zebrafish (Danio rerio) as a model vertebrate for finding out 
the influence of dendrimer surface charge and generation 
on its toxicity. By decrease of the generation of polyami-
doamine (PAMAM), dendrimers elicited significant mor-
bidity and mortality in the tested group. The experiments 
show that at 120 hpf embryos were assessed for mortal-
ity, behavioural and physical changes [222, 223]. A surface 
charge may be the best indicator of dendrimer toxicity, on 
the other hand, the dendrimer class and generation are 
also may be considered as the potential contributors to 
their toxicity. The results of the experiments indicate that 
thiophosphoryl dendrimers do not reveal the toxic effect. 
Despite this exposure of embryos to ≥ 50 ppm cationic 
PAMAM dendrimers G3-amine, G4-amine, G5-amine, and 
G6-amine caused 100% mortality after 24 h fertilization. 
Neutral PAMAM G6-aminoethanol and anionic PAMAM 
G6-succinamic acid at 250 ppm showed less toxic effect 
than the same concentration of Cationic PAMAM G6-amine 
[224]. Heiden T.C. et al. also used zebrafish as a rapid, cost-
effective whole-animal model to investigate the toxicity 
of PAMAM (G3.5 and G4). Results of experiments show 
that G4 (with terminal amino groups) reveal toxicity and 
affect growth and development of zebrafish embryos, 
causing their mortality. However, G3.5 dendrimers (with 
terminal carboxylic groups) are not toxic to zebrafish 
embryos. Furthermore, RGD-conjugated G3.5 dendrim-
ers do not demonstrate toxicity tested at the highest con-
centrations and considered to be useful as a drug delivery 
device [225]. Kitchens K. M. et al. explored the potential of 
poly(amidoamine) (PAMAM) dendrimers as carriers for oral 
drug delivery and assumed that transepithelial transport 
and microvascular extravasation of PAMAM dendrimers 
are dependent on their structural features such as molec-
ular size, molecular geometry, and surface chemistry. By 
optimizing these properties, it is possible to develop oral 
delivery systems based on these carriers for targeted drug 

delivery [226]. Dong Z. et al. used different generations 
(G0-G3) and concentrations [0.1–1.0% (w/v)] of PAMAM 
dendrimers for investigation of pulmonary absorption 
of peptide and protein drugs at rats. In this research, the 
molecules of insulin and calcitonin were associated with 
dendrimers in order to reveal the ability of dendrimers 
as carriers of peptide and protein drugs. Consequently, 
they assumed that dendrimers significantly increased the 
pulmonary absorption of insulin and calcitonin without 
any membrane damage to the respiratory tissues in rats 
(G3 > G2 > G1 > G0). The toxicity of PAMAM dendrimers 
in the lung tissues was estimated by measuring protein 
release and the activities of lactate dehydrogenase (LDH) 
in bronchoalveolar lavage fluid (BALF). The PAMAM den-
drimers with various generations and concentrations did 
not significantly affect on the release of protein and the 
activities of LDH in BALF, and any membrane damage of 
the cells of lung tissues have not been observed [227].

According to some indications, it is supposed that den-
drimers demonstrate cytotoxicity [221] observed at the 
cellular level due to the generational and charge effects. 
One of the possible reasons of the more pronounced cyto-
toxicity and hemolytic properties of cationic dendrimers 
comparing to anionic ones or PEGylated dendrimers [228] 
is that the cationic molecules, in general, can destabilize 
cell membranes, resulting in cell lysis [229]. But there is still 
a gap regarding successive systemized ecotoxicity studies 
of dendrimer NPs [230].

3.1.4 � Liposomes

A liposome is a spherical vesicle with at least one lipid 
bilayer and formed by self-assembling while lipids mol-
ecules are exposed to an aqueous environment. Nanosized 
versions of liposomes called nanoliposomes [231, 232]. 
Liposomes have many applications nowadays; they used 
as pharmaceuticals for the treatment of cancer, bacterial, 
viral and parasitic diseases, and as cosmetic products. 
They also widely used in veterinary medicine, as immune 
adjuvants and vaccines [233, 234]. Living cells membranes 
consist of the lipid bilayer and according to the structural 
similarity of the cell membrane with liposome wall, they 
have been investigated as models for drug delivery carri-
ers. Liposomes particularly used in tissue engineering for 
promoting tissue regeneration at the human body [235]. 
The application of nanoliposomes as drug carrier is linked 
with critical issue concerning the liposomes design that 
is able to encapsulate the actual medicine, providing the 
proper release, which strongly influence on their thera-
peutic safety and efficacy until they reach the target site 
[236, 237]. The experiments indicate that liposomes pen-
etrate via cells membrane thanks to interactions with cell 
membrane components through electrostatic forces, or 
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by means of non-specific weak hydrophobic forces [237]. 
Liposomes were widely and successfully used at cartilage 
repair in animal models [238]. Isabella Buttino et al. inves-
tigated the role of liposomes taken at the range of 30–80% 
of the total zooplankton biomass in marine areas in the 
diet of Copepods–the most widespread planktonic grazers 
in aquatic ecosystems [239]. Additionally, the Copepods 
represented the principal diet for fish larvaes [240]. It is 
well known that the quantity and quality of food plays an 
important role in the production rates and egg-hatching 
success, which are key biological parameters to predict 
secondary production at sea environment. The females 
of the Calanoid Copepod (Temora stylifera) were fed with 
fluorescein isothiocyanate-dextran (FitcDx) encapsu-
lated liposomes and its mixture with the dinoflagellate 
alga Prorocentrum minimum (P. minimum). At the same 
time, the control Copepods were incubated with the 
pristine P. minimum. Consequently, was found that when 
liposomes were conveying together with the algal diet, 
egg-hatching success, faecal pellet production, and egg 
production rate were as high as those observed for the 
control group. However, while using pure liposomes in 
diet, faecal pellet production was similar as with starved 
females, and egg production and hatching success were 
very low [241]. Barr Y. et al. investigated the enrichment of 
nutritional value of marine fish larviculture by feeding the 
live organisms by liposomes. The main goal of this study 
was to develop a simple method for mass-production of 
liposomes designed for the delivery of free amino acids 
(FAA) to filter-feeding zooplankton. After 2 h of live enrich-
ment research shows that liposomes did not aggregate or 
disintegrate while suspending in water and the FAA con-
tent changes slightly–only 9% of the liposomes was lost 
after 2-h suspension [242].

Determining the fate of organic NPs in biological media, 
their biotransformation and removal from the body is 
definitely a very difficult task. The chemical structure of 
organic nanoparticles is often very similar to the chemical 
structure of many other biomolecules present in cells. It 
follows that the usual methods developed for organic sub-
stances can only be partially applied to the determination 
of organic NPs, and even more so to the determination of 
further transformations caused by their presence in the 
living organism.

4 � Conclusion

In this article have been reviewed the data about the path-
way of inorganic and organic NPs into the living organ-
isms, their movement from one organism to another and 
the toxicity of NPs. It is known that NPs can be introduced 
into the environment through anthropogenic and natural 

routes; the natural NPs are considered to be non-toxic, 
whereas anthropogenic nanoparticles can reveal a toxic 
effect. Have been found that depending on the structure, 
size, surface charge, and concentration they are able to 
enter to organism directly–by external surface epithe-
lia, by passage across gills, or indirectly–through inhala-
tion system or digesting intake through the soil, water 
and feeding. In most cases, the toxicity of NPs reveals as 
changes in the level of reactive oxygen species, inflam-
mation, neutron activation, cell, mRNA and DNA damage 
and etc. Introducing to the food chain the organic and 
inorganic NPs cause alterations on plants organs: leaves, 
flowers, stems, and roots and led to changes at the length 
of stem and root, chlorophyll content and at plant growth. 
The NPs impacts in animals mostly reveal as the changes 
occurring at the metabolic systems, behaviours and loco-
motive functions. The cumulations of NPs in the animals’ 
organisms were observed at liver, kidney, lung, heart, gills 
and even in the brain tissues. Taking into consideration 
the collected numerous data regarding the engineering 
NPs effect towards the environment and living organisms 
and the gap of preventing measures towards their pos-
sible toxic impact there is a big demand of assessment 
of the risks, in order the better understanding the natural 
processes involving the NPs and development the safety 
protocols. The providing an effective assessment of the 
impact of NPs on the ecosystem and in particular on the 
food chain is based on the facts that the unique dimen-
sional, surface and compositional properties of nanoma-
terials can vary their ability to interact with biological sys-
tems. It is necessary to generalize which aspects of their 
impact should be evaluated, nanomaterials features and 
their biologically significant characteristics for representa-
tive studies, that provide the development of reasonable 
approaches to impact assessment and as consequences 
can reduce risks of NPs toxicity.
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