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Abstract.  Nanotechnology and engineered nanomaterials are currently used in wide variety of 

cosmetic products, while their use in food industry, packaging materials, household chemicals 

etc. still includes a limited number of items and does not show a significant upward trend. 

However, the problem of priority nanomaterials associated risks is relevant due to their high 

production volumes and  an constantly growing burden on the environment and population. In 

accordance with the frequency of use in mass-produced consumer goods, leading priority 

nanomaterials are silver nanoparticles (NPs) and (by a wide margin) NPs of gold, platinum, 

and titanium dioxide. Frequency of nanosized silica introduction into food products as a food 

additive, at the moment, seems to be underestimated, since the use of this nanomaterial is not 

declared by manufacturers of products and objective control of its content is difficult. Analysis 

of literature data on toxicological properties of nanomaterials shows that currently accumulated 

amount of information is sufficient to establish the safe doses of nanosized silver, gold and 

titanium dioxide. Data have been provided in a series of studies concerning the effect of oral 

intake of nanosized silica on the condition of laboratory animals, including on the performance 

of the immune system. The article examines the existing approaches to the assessment of 

population exposure to priority nanomaterials, characteristics of existing problems and risk 

management. 

1. Introduction 
The unique properties of nanoparticles (NPs) and nanomaterials (NMs) open up broad prospects for 

their targeted use in such areas of science and technology as materials science, microelectronics, 

optics, energy, chemical technology, environmental protection, medicine, consumer goods, including 

household chemicals, perfumes, cosmetics and food products. In accordance with the forecasts made 

in the early 2000s, the use of artificial NPs and NMs in food technology promises breakthrough 

achievements in the field of packaging materials with improved properties, new forms of nutrients 

with high bioavailability, effective and low-toxic food additives [1, 2]. 

Physicochemical properties and biological activity of the compounds in the nano-dispersed or 

nano-structured form may be significantly different from their "traditional forms", presented solutions, 

bulk phases and macroscopic dispersion [3-5]. Since many of the important new properties of NMs 

currently are still insufficiently studied, the problem rises their risks assessment to human health and 

the environment. Suggesting the observed progress of nanotechnology industries it can be assumed 
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that in the short-term exposure of human to NMs grows rapidly, both in terms of quantity and in terms 

of the number of affecting nanoscale factors [6,7]. 

Research on the risks of nanotechnology (NT) and NMs is conducted since the early 2000s in the 

United States (under the supervision of the FDA and EPA), in the EU (IEC, EFSA, ECETOC et al.), 

as well as in a number of international organizations (OECD, WHO, FAO, ILSI) [8-10]. In Russia, the 

problem is studied of NT and NM related risk since the end of 2006. In 2007 the "Concept of 

toxicological research, risk assessment methodology, identification and quantification of 

nanomaterials" has been adopted [11], which defined the methodological principles and direction of 

research in this area in the next future. A total of 50 regulatory and guidance documents were 

developed and subsequently approved as a part of NTs and NMs  safety assessment system in progress 

of the Federal Target Program "Development of infrastructure nanotechnology industry in the Russian 

Federation for 2008-2011". 

Consensus is achieved in modern scientific literature that the traditional four-tier system of risk 

assessment is applicable to the risk assessment of NMs and NTs which includes stages of 1) dangerous 

factor identification (which is a source of risk?), 2) hazard estimation (how and in what quantities of 

the factor being studied produce the harmful effects for the human body?), 3) exposure estimation 

(how large is the load of harmful factors on the human body in the real conditions, and how the load is 

distributed in the population), and 4) the risk estimation (its quantitative expression followed by 

scaling as negligible small, moderate, high and very high) [12-14]. A block diagram is shown in figure 

1 of the system of risk assessment in relation to the NPs and NMs peculiarities  
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Figure 1. Schematic diagram of the nanoparticles (NPs) and nanomaterials (NMs) risk 

assessment  

 

It is believed that there is no fundamental difference between the applicability of this scheme to the 

NPs and NMs on the one hand, and to the toxic chemicals of traditional dispersion stage - on the other 

[15], but the implementation of these steps should be specific in all cases to the properties of NPs and 

NMs defined in the first place by a high degree of dispersion of their structures. 

The objectives of this article include consideration of problems of risk assessment of NPs and NMs 

used in consumer products. 
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2. Hazard identification 

Variety of NPs and NMs produced with modern nanotechnology industry is extremely high. Thus, 

according to the resource NanoWerk (http://www.nanowerk.com/phpscripts/n_dbsearch.php), 

registering only NPs and NMs as individual substances, as of April 2015, production in the world 

includes 616 varieties of carbon nanotubes, 122 - fullerenes, 107 - derivatives of graphene, 567 – NPs 

of elementary substances (metals and non-metals), 609 – NPs of binary compounds (excluding 

quantum dots), 161 – NPs of ternary and more complex compounds, 276 – quantum dots, 42 – 

nanofibers, 5 – non-carbon nanotubes (2504 positions in total). Since the same NM can be used in 

practice in several types of products, the potential number of species of nanotechnology products can 

now exceed 10
4
 items. However, this estimate does not take into account large differences in the 

degree of commercialization of the some kinds of nanotechnology products in the manufacturing of 

consumer goods. It is interesting from this point of view to consider the actual state of the 

nanotechnology products on market, identifying the types of NPs and NMs, which are priorities from 

the perspective of the consumer product exposure. 

A computer database (registry) is maintained in ION to solve this problem since 2010, that 

accumulates information on NT products presented in turnover and use in the Russian Federation. The 

database is updated from public sources, including registries certificate of state registration of products 

in the Russian Federation and the Customs Union (http://fp.crc.ru); Websites of "RUSNANO" Fund of 

Infrastructure and Educational Programs (part of the Group RUSNANO) and the Russian 

nanotechnology network (http://www.rusnanonet.ru/products/list/; http://www.rusnanonet.ru/ goods /; 

http://www.portalnano.ru/), sites of companies that implement in the Russian Federation different kind 

of consumer nanotechnology products (food supplements, perfumes, cosmetics and others.). Database 

on NMs is in free access on the website of institute, www.ion.ru. 

Analysis of the data provided by the products applicants declared as nanotechnology products, does 

not allow to reliably identify the NPs and NMs in the composition of the product in a significant 

number of cases. This may be due, on the one hand, to the desire of producers to maintain 

technological secrets and know-how, and on the other hand, to the common practice of using the 

notation "nanotechnology" or "nanotechnology products" in advertising and marketing purposes 

without a sufficient factual basis. 

The database contains information on 1,035 kinds of products manufactured using NTs and NMs as 

of April 2015. 958 items included (92 % of the total number of titles of nanotechnology products) 

presented variety of consumer products, and 77 (12%) – non-consumer (pure materials, industrial raw 

materials, components, manufacturing equipment). The predominant place in the structure of 

nanotechnological consumer products take perfumes and cosmetics (792 items, 83%) as can be seen 

from the data obtained. They are followed by food products (47 items, 5%); it is total 55 titles (6%) 

combining this class of products with packaging materials for food products. Then follow household 

chemicals (28 items, 3%), fuel components, additives and converters for motor vehicles (24, 2.5%), 

car cosmetics (20 titles, 2%) and construction materials presented mostly varnishes and paints for 

exterior use - (17 items, 2%) in descending order. The share is insignificant of other classes of 

products which production is represented only by single names. 

The most common commodity groups are a means for skin care (creams, masks and balms), toilet 

water, coloring agents, decorative cosmetics and nail polish among perfumery and cosmetic products 

manufactured using NTs and NMs. In many cases applicants of these products declare the production 

to be manufactured "with use of NMs and NTs" for purposes of state registration but the composition 

of these NMs can’t be disclosed on the basis of available information. The products for which the 

composition of the NM can be set include 90 kinds of perfumes and cosmetic products with silver 

NPs, 35 – gold NPs, 17 – platinum NPs. In 33 kinds of perfume and cosmetic products (skin care) the 

applicant declares the presence of “nanosomes”, which are presumably nanometer-sized capsules 

jacketed with molecules of hyaluronic acid and/or -cyclodextrin containing inside various 

biologically active agents. Biologically active supplements dominate (36 items) in the structure of 

food nanoindustry production. Half of their number (18) presented products, which are the sources of 
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colloidal (nanoscale) silver. The remaining commodity groups of products (food additives, complex 

food additives, processing aids) are represented by single items. 

Analysis is of great interest of the frequency of various NPs and NMs use in products in turnover, 

since it allows to identify priority objects for toxicology and hygienic studies aimed by hygienic 

regulation of NMs in products and environmental samples. Unfortunately, as already noted above, in 

many cases (for 612 kinds of perfumes and cosmetic products, represented in the database) strict 

identification of NMs use is not possible. The kind of NMs could be established for 346 types of 

consumer products, presented in the database. Total 24 types of individual NMs were identified in 

them. The top of the most "popular" NMs in the consumer goods is as follows (table 1) according to 

these data. 

Nanosized titanium dioxide presented 29 kinds of production. This is, firstly, sunscreen and, 

secondly - catalytic air purifier. Use of nanosomes and nanoliposomes is sufficiently widespread as 

components of creams and other skin care products; silicone nanofilms are applied as a water- and 

dirt-repellent coating on various surfaces - parts of vehicles, building construction, furniture, 

housewares, textiles and more. Scope of diamond NPs includes decorative cosmetics, metal alloys NPs 

- remetallizing fuel additive for motor vehicles.  

 

 

 

Table 1. Ranking of engineered nanomaterials in accordance with the 

frequency of their use in consumer products. 

Nanomaterial: Number of products Ranking position 

Silver nanoparticles 133 1 

Gold nanoparticles 35 2 

Nanosomes 33 3 

Nanoparticles of titanium 

dioxide 
29 4 

Platinum nanoparticles 20 5 

Silicone nanofilms 19 6 

Surfactant micelles 10 7 

Silica nanoparticles 8 8 

Diamond nanoparticles 7 9-10 

Alloy nanoparticles 7 9-10 

 

Nanoscale amorphous silica (SiO2) contains in 8 product items included in the database. However, 

reason is to assume that the frequency is strongly underestimated of this NM use and hence the degree 

of the consumers’ exposure to it. As is known, amorphous silica is widely used as a food additive 

E551, and also as a part of a large number of medicinal tablets together with many types of cosmetic 

products. There is no information about the size of its particles in the present specification of JECFA 

on this food additive [16], which allows the use of amorphous superfine silica, obtained by gas-phase 

hydrolysis of pure tetrachlorosilane. This material known as "Aerosil®" and under a number of other 

trade names, is characterized by specific surface margined 200-350 m
2
/g and a primary particle size of 

6-30 nm, forming loose aggregates of submicron size, easily destroyable by sonication. Use of this 

NPs is often not declared by the manufacturers of food production. 

Thus, the list of priority NM identified as sources of risk in consumer products includes silver NPs 

and (by a wide margin in the smaller side in order of importance), NPs of gold, platinum and 

titanium dioxide. This list should be supplemented with amorphous silica NPs in view of the 

considerations above. The resulting schedule of NMs coincides in the most number of positions with 

the list of OECD [17] with the exception that it does not include carbon NMs, such as single- and 

multi-walled carbon nanotubes and fullerenes. Despite the presence of a plenty potentially useful 
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properties in these NMs, their use as part of commercialized consumer products is missing or includes 

single names. In the list of priority NMs nanosomes aren’t presented which are widely used in the 

composition of cosmetic products. This is due to the fact that this type of NPs is biocompatible 

according to modern concepts, and within the body they quickly degrade in processes of 

bioassimilation. 

 

3. Hazard characterization 

Toxicological evaluation of NPs and NMs is based currently on a huge variety of biological test 

systems, including models in vitro, in vivo, as well as in silico (computer simulation). The problem is a 

difficult task of o these approaches choice for priority NPs and NMs needing in hazard 

characterization.  Complex hierarchical approaches are developed for this based on the achievements 

of genomics, transcriptomics and proteomics, for example, such as program NeoGen in the USA [18].  

More traditional methodology is based on the selection of the optimal strategy of toxicological and 

hygienic studies based on preliminary data on the potential hazards of the NPs and NM. Criterion of 

the potential hazards of nanomaterials should recognize in the first approximation their insolubility 

and the ability therefore to the long-term persistence in the biological environment [19]. So, in the 

drafting of Annex 18 to the REACH Regulation of the European Union there was proposed [20] a 

preliminary assessment criteria of potential danger of NPs and NMs basing only on two indicators: the 

volume of annual production and solubility in water and in various biological fluids. The publication 

of the European Commission [7] proposed the criteria of NM’s potential danger based on the physico-

chemical characteristics of the particles. Use of the five major external NM properties was 

recommended - (1) agglomeration (weakly bound particles) and aggregation (strongly bound 

particles), (2) reactivity, (3) the presence of active functional groups on the surface, (4) the particle 

size, and (5) the presence of contaminants bound to the surface or in the bulk of the NPs. Factors 

include bioavailability, bioaccumulation, potential translocation and potential toxicity that may affect 

the risks of artificial NM. A system was developed of pre-classification of NMs according to their 

hazard level including very high, high, medium, low and very low risk on this basis. 

A more sophisticated system of hazard assessment approach must include information about 

structure -activity relationships of artificial NMs [21]. Similar structured approach is applicable in the 

Russian Federation to the determination of the required volumes of toxic hygienic and special studies 

of NMs, wherein the integrated assessment of the potential hazard is based on forecasting and analysis 

procedure that takes into account the entire volume of accessible, reliable and relevant to this NM 

scientific and technical information, including data of physico-chemical characteristics of the NPs, 

information on effects in cell-free systems and cell cultures, the results of toxicological and 

environmental studies, the estimated volume of production [22]. Selected information about the 

properties of NM is evaluated, grouped into six functional blocks, ranked in order of importance, as 

determined in accordance with peer review. Each estimate is assigned according to its rank with 

weighting factor after which the resulting value (index) is calculated of the potential hazard. The 

algorithm used includes built-in procedure for evaluating of the uncertainty of the estimation. 

As a result, designation of a nanostructured object to the low level of potential hazard require no 

any special toxicological-hygienic and medical-biological assessment, and the evaluation should use 

the same criteria and approaches applicable to "traditional" analogues of a material manufactured 

without use of NT. NPs and NM with an average potential danger are a subject of  standard 

toxicological and hygienic assessment of their impact on the most important functions of the body. 

NPs and NMs characterized by a high degree of potential danger are recommended to be a subject of 

more sophisticated studies involving not only the general toxicological research, but also special types 

of testing (organotoxicity, immunotoxicity, neurotoxicity, allergenicity, embryotoxicity, 

teratogenicity, mutagenicity, carcinogenicity), as well as, possible experiments lifelong laboratory 

animals (1.5-2 years), or in a few generations. 
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One should always take into account in the analysis of dose-effect obtained on biological models 

that the difficulties and uncertainties are associated with the specific properties of the NPs and NMs. 

So far, there is no consensus about by what units the acting dose of NM should be expressed [15,23]. 

Value of the results should be considered as a very relative which were obtained in experiments 

with in vitro models, because there is no information in most cases about whether the dose 

(concentration) of NPs used in these studies is relevant to situation in vivo related to exposing the 

organism by the natural ways of intake (inhalation, through the skin, and especially with food and 

water consumption). A research can play a major role on the penetration (absorption) of NPs through 

biological barriers, their bioaccumulation, biotransformation and excretion (ADME - research) in the 

removal of these uncertainties, but the volume is very limited of such information in relation to the 

practically important NPs and NMs currently [22,24] . Information is "scarce" especially about the 

possibility of absorption of the main types of NPs in the gastrointestinal tract, as well as through 

uninjured skin [25,26]. 

A strong dependence exists of NMs properties including toxic one on the state of the interface (so-

called "surface chemistry") [27]. It should be borne in mind also that partial solubility of toxic 

chemical compounds (which, by itself, is not a constant but is a function of particle size) plays a large 

role in the toxic properties of NPs and NMs, and the ability is important of NPs to release toxic species 

adsorbed or chemically bonded to them, such as bacterial endotoxins, heavy metal ions, etc (all of 

which is defined as the so-called effect of "Trojan horse") [15]. 

The values of safe doses (concentrations) are calculated after the establishment of non-observed 

effect maximum exposing dose (NOAEL) for critical organs and systems, as well as whole body by 

the introduction of appropriate safety coefficients. As a rule, two consecutive 10-fold safety 

coefficients are introduced when extrapolating to human data obtained in small animals (rats or mice). 

 The world's scientific literature has accumulated to date a large amount of experimental data on 

the toxicology of the most important NPs and NMs. The amount of information experienced 

exponential growth over the last decade on the relevant biological and physico-chemical properties of 

the NPs and NMs meeting the criteria of scientific accuracy and completeness as evidenced by the 

results of scientometric tests. The total number of publications registered in specialized databases 

(Web of Science, PubMed and others) exceeded 55,000 positions already in 2012 [15]. However, the 

distribution of publications on the NMs species studied does not correlate with their practical 

importance as constituents of consumer products. In addition there is usually a significant disparity 

between the use of biological models and test systems and their relation to the most likely scenario of 

exposure within each sufficiently studied NM. In particular among  63 articles  concerning 

toxicological characterization of the anatase form of titanium dioxide, 27 of papers (43%) were 

performed on in vitro models of cell cultures and 36 (57%) - in vivo, including 18 papers (29%) on 

inhalation model, 13 (21%) - when administered parenterally, 4 (6%) - if administered to the 

gastrointestinal tract, and only one (1%) - when applied to skin according to a meta-analysis [25]. 

However, sufficient amount of information is now accumulated that enable one to establish safe 

doses of silver, gold, titanium dioxide NPs, which was reflected in the publications [28-33]. Properties 

of platinum NPs were studied in much smaller extent; at that almost no data were obtained on 

biological effects at transdermal way of exposure. The same is true to the NPs of amorphous silica, for 

which the volume of exposure through food is apparently significantly underestimated.  

The majority of nanosized amorphous silica studies were carried out in systems in vitro (cell 

cultures of various types). Thus, the possibility was demonstrated of catalytic generation of reactive 

oxygen species in a cell-free system [34] and in keratinocytes [35] and in human alveolar epithelial 

cells in culture [36]. The ability was set of this NPs type to accumulate in cells of different lines in 

culture showing a variety of cytotoxic effect. Authors of paper [37] described the actions of 

amorphous nano-silica on human bronchial epithelial cell line Beas-2B. Reduction in cell viability was 

close to 20% accompanied with development of peroxidation, changes in the proteomic profile of cells 

(increase in the expression of several enzymes of intracellular kinase cascade). The summary is 

presented in table 2 of some other results obtained in cell cultures. 
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Table 2. Some results of in vitro toxicological evaluation of nanosized amorphous silica 

 

#  Experimental model Threshold NPs 

concentration in media, 

g/ml 

References 

1 Normal human bronchial epithelial cells, 

Beas 2 B 

1.0 [38] 

2 Normal human lung epithelial and 

endothelial cells 

300 [39] 

3 Normal human endothelial cells 10,0 [40] 

4 Platelets 10,0 [41] 

5 Stem cells 1,0 [42] 

6 Alveolar epithelial cells of human lung 150 (evaluation) [43] 

7 Hepatocytes, Kupfer cells 100 [44] 

8 Hepatocytes, Kupfer cells 10 [45] 

9 Human hepatocytes  

L-02 

50 [46] 

10 Endothelial cells 25 [47] 

11 Normal and malignant cells of the alveolar 

epithelium of human lung, fibrosarcoma cells 

10 [48] 

 
The mechanism of the cytotoxic effects of silica NPs, as might be expected, is associated with a 

non-specific deleterious effects on the cell structure of free radicals and reactive oxygen species, 

catalytically generated on SiO2/water interface [49]. These effects are much more pronounced in NPs 

when compared to silica of "traditional" degree of dispersion (such as fumed silica, silica gel and so 

on) in view of silica NPs highly developed interface and a small radius of curvature (which entails an 

increase in the chemical potential). However, it should be borne in mind that the majority of effects 

were detected at large concentrations of NPs in cell culture (exceeding 1.0 g / ml, see table 2). 

Quantitative data is now extremely scarce on the extent of absorption, biodistribution and 

bioaccumulation of nanosized silica due to the high technical difficulties related to the identification 

and quantification of these NPs in the biological matrix. Accumulation of label was detected after 

intravenous administration of [
125

I]-labeled NPs to mice mainly in cells of the reticulo-endothelial 

system of liver and spleen [50]. An attempt was undertaken in single study [51] to quantify the 

absorption and bioavailability of the silica NPs in the organs and tissues of rats after prolonged oral 

administration using ICP-MS. However, the results obtained were ambiguous due to a high 

background level of silicon in the bodies of animals of the control group. Significant increase of the 

silicon content was shown on a qualitative level in the liver and spleen of animals treated with said 

NPs at doses of 1000 mg / kg body weight or more. Thus, at present data is insufficient which would 

allow extrapolating the results of silica NPs toxicity studies in cell cultures to the situation in vivo, 

using the ADME properties of this NM. 

Several studies have characterized toxic properties of amorphous silica in vivo. NPs were injected 

to mice intraperitoneally at very high doses (up to 2 g/kg body weight) in the study [52]. Marked 

changes were noticed in the function of peritoneal macrophages, increasing production IL-1, TNF-, 

NO, gene expression of IL-1,6, TNF-, nitric oxide synthase, cyclooxygenase-2. Signs of cell death 

were observed with the introduction of NM at only the highest doses. 70 nm nanosized silica was 

hepatotoxic to rats at a dose 30 mg / kg when administered intravenously [53]. Nanoscale SiO2 with 

particle diameter of 50-100 nm was captured by the liver and kidneys, excreted in the urine and bile 

when injected intravenously according to [54]. Aim of the study [55] was characterization of silica 

NPs aerosol toxicity in neonatal rats. Single or 3-day exposure to the aerosol showed no significant 

pulmonary inflammatory, genotoxic or histopathological effects in rats exposed to particles. 
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A number of works was devoted to the identification of possible allergenic properties of nanosized 

silica. For example, these NPs were able to enhance nasal allergic sensitization of mice by ovalbumin 

allergen according to [56]. Similar data was obtained in a study [57] using a model of asthma in rats 

sensitized by ovalbumin. A recent study [58] evaluated immunotoxic properties of amorphous SiO2 

NPs intraperitoneally administered to mice at a dose of 2-50 mg/kg body weight. Changing 

proportions were shown of CD3+, CD45+, CD4+ and CD8+ cells in the spleen, shifts in the levels of 

total IgG and IgM among the effects studied. 

Silica NPs  were not carcinogenic in rats unlike quartz and carbon NPs according to [59]. 

Information is scarce in the literature about the possible effects of the silica NPs administered by 

oral route. Van der Zande M et al. [51] studied subacute (in 84-day experiment) toxicity of two kinds 

of nanostructured silica administered orally to rats at high doses (100-2500 mg/kg body weight daily). 

Biochemical and immunological parameters haven’t been studied in blood of animals but fibrosis 

increase was noticed in a dose-dependent manner and expression of genes responsible for this process 

also took place in the liver. Authors estimated the threshold subacute oral dose (LOAEL) of silica NPs 

close to of 2500 mg/kg body weight and NOAEL exceeding 100 mg/kg body weight according to 

these indicators. 

Tananova ON et al [60] examined proteome of microsomal fraction of liver cells from rats, orally 

receiving nanostructured silica in three doses (from 1 to 100 mg / kg body weight) during 28 days. 

NPs caused both the disappearance and appearance of new components of the proteome (protein spots 

on the 2D- electrophoregram) compared to the control group of animals in all doses studied. Mass 

spectrometric identification revealed the dominant protein peak which disappeared under the influence 

of NPs at dose 10-100 mg / kg body weight, which was identified as the glucose-regulated protein 

precursor (GRP 78). 

Zaitseva NV and co-workers [61,62] studied the acute oral toxicity in mice of silica NP obtained by 

method of liquid crystal templating in the presence of cetyltrimethylammonium bromide. LD50 was 

4638 mg/kg body weight by oral route of administration. Nano disperse silica has expressed high 

cumulatively (the cumulative index Ik = 0,45). Said NM demonstrated also marked toxic effect on 

animals, judging by the complex biochemical, hematological and morphological parameters at a dose 

of 0,1-0,3 LD50 

Thus, the data available are inconsistent on the toxicity of silica NP in vivo. It should be noted that 

most of the samples of nanosized silica studied in the literature do not correspond to nanosized silica 

such as "AEROSIL ®», which is most widely used as a food additive. In view of this, joint research 

has been conducted by FSBI "Institute of Nutrition", FSBI "FNTS health-care technology risk 

management to public health" of Rospotrebnadzor and A.N.Bach Institute of biochemistry in 2013-

2014 on establishment  of maximum no observed effect and threshold doses of this particular form of 

NM [63-66]. 

The object of investigation was the amorphous silica “Orisil 300”. The specific surface area of the 

sample was equal to 300 m
2
/g when determined by method of BET according to the manufacturer 

data, which corresponds to calculated diameter of the primary nonporous spherical particles of 7.5 nm. 

This material presented a white, light, x-ray amorphous powder giving after ultrasonic development 

opalescent colorless solution in water, which was stable for at least 2 days. Examination of this silica 

slurry by TEM showed at concentration of 1 mg/ml (figure 2 a-c) that particles of the disperse phase 

presented mainly large aggregates consisting of distinguishable primary particles sized from 5 to 100 

nm, and a very small amount of free particles sized 5-20 nm. AFM showed on the scanned image of 

the sample slurry dried on a substrate the presence of NPs predominantly in the aggregated state. NPs 

aggregates varied in size on all the scans from area 20x20 mm
2
, reaching a maximum of up to 2 m in 

one dimension. The structural element was a particle sized in diameter less than 100 nm for all the 

aggregates. NP’s population had uniform morphology consisting of spherical particles with sizes from 

20 to 60 nm (figure 2 d,e). Spektroacoustic study of sonicated aqueous silica slurry showed a bimodal 

particle size distribution with a predominance of the NP’s fraction with an average diameter of 20-40 

nm at concentration of the 5% by weight. Particle size analysis by means of laser dynamic light 
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scattering showed that the same sample presented predominant fraction of particles in preparation with 

number average hydrodynamic diameter of 56.6 ± 32.1 nm with 90th percentile - 91.7 nm (figure 3 

a,b). The content of particles with a diameter greater than 100 nm did not exceed 10% of the total 

number of particles after sonication. 

 

 

a b 

 

c 

d e 

Figure 2. Characteristics of nanosized silica particles by transmission electron 

microscopy, device «JEM-100СХ» («JEOL», Japan); (a-c), and atomic force microscopy, 

device «SmartSPM» («AIST-NT», Russia), (d, e)  (data taken from [63,65]) 
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Figure 3. The size distribution of silica NPs in the sonicated aqueous dispersion according to 

spektroacoustic studies on device «DT-1202» («Dispersion technology Inc.», USA) (a); and 

dynamic light scattering on device Nanotrack Wave (Microtrack Inc., USA) (b)  (taken from 

[63,65]) 

 

 

Biological experiments were conducted in accordance with Russian and international rules for 

work in laboratory animals. Acute toxicity of nanosized silica was studied by a single point method in 

20 adult male BALB/C mice weighing 25.0 ± 2.0 g aged 2 months (data taken from [65]). Analysis of 

the results obtained led to conclusion that an aqueous suspension of nanosized silica did not cause 

death and of intoxication at a dose of 10,000 mg / kg. Changes in the integrated performance of 

experimental animals weren’t observed. No any morphological changes were identified in histological 

preparations of colon and jejunum. Thus, the value of LD50 of the studied nanosized silica exceeded 

10,000 mg / kg body weight in oral route. 

Subacute oral toxicity of nanosized silica was studied in the growing male Wistar rats in 3-month 

(92 days) experiment. Animals were divided into five groups (№№ 1-5), treated with this NM at 

doses, respectively, 0 (control); 0.1; 1.0, 10 and 100 mg / kg of body weight daily as aqueous 

sonicated slurry. Within 1 month NM was administered intragastrically by gavage, and then added to 

the experimental semisynthetic balanced diet. 

Death occurred of one rat in group 4 and three  in group 5 during the 1st month of intragastric 

administration. The autopsy of animals showed that the death was caused by bilateral pneumonia, 

which developed as might be expected due to accidental inhalation of traces of suspension containing 

a high concentration of NPs when administered by gavage. Furthermore, one rat died in group 3 on the 

3rd month of experiment. Other animals of all experimental groups had well appearance of skin, hair 

and mucous membranes, normal motor activity, behavior and stool and did not differ from the control 

group. Determination of average monthly gains of body weight showed that animals of all groups 

grew by almost the same rate (p> 0.1, ANOVA) during the 1st and 2nd month, however  a slight (less 

than 15%) but significant lag in weight gain was noticed in all four experimental groups as compared 

with control group at the end of the third month. This effect was not dose-dependent and was 

apparently associated with a reduction of fat mass gain in these groups of aged animals. 

Testing showed no negative impact on cognitive function studied by the method of the conditioned 

reflex of passive avoidance (CRPA) in terms of CRPA resistance at all doses of nanosized silica 

studied, but at the largest dose of 100 mg/kg the elevation could be suggested of animals discomfort 
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(anxiety), which resulted in significant reductions in the number of initial visits to dark compartment 

of the experimental setup. 

Integral indices (permeability of the intestinal barrier, the relative weight of internal organs), 

biochemical, hematological, immunological parameters, the composition of colon micro biota, 

oxidative DNA damage by excretion of 8-oxo-2-deoxy guanosine (8-oxoG) in urine, liver hepatocyte 

apoptosis by flow cytometry were evaluated after removal of the animals from the experiment. Effects 

were studied in separate series of experiments of silica NPs on allergic sensitivity in rats immunized 

with chicken ovalbumin using model of systemic anaphylaxis (duration of treatment in this case made 

28 days). 

The results obtained were used to determine NOAEL, taking into consideration for each effect it’s 

statistical significance, absolute value, the direction (i.e., the interpretation as an adverse effect like), 

as well as the presence of a monotonic dependence on the dose of NM. Table 3 presents summary of 

basic experimental data. The results showed that the most sensitive target for silica NPs is the immune 

system of animals (figure 4). The total number of leukocytes was significantly lowered in animals of 

group 5 treated with silica NPs at 100 mg/kg body weight. At the same time, the qualitative 

composition of Ly was significantly modified despite only a marginal and insignificant decrease of the 

relative number of lymphocytes (Ly) (7%, p> 0.05) in animals of group 5. Proportion significantly 

decreased of T-helper cells (13%, p <0.05), increased of cytotoxic Ly (19%, p<0.05), all of this 

leading to the decrease (27%, p<0.05) in the immunoregulatory index (dimensionless ratio CD4/CD8) 

as shown by flow cytometry. TNF- level in serum of animals of group 5 increased by an average of 

590%, p<0.05, and the concentration of IL-10 showed pronounced (36%) trend to decrease. 

 
Table 3. Summary table of the effects of subacute oral administration of nanosized silica to rats in the 92- 

and 28-day trials (taken from [63,64,66]) 

№№ 

 

Indices studied Presense 

(+) or 

absense  

(-) of 

effect 

Effect can 

(+) or can’t 

(-) be 

considered as 

harmful 

NOAEL 

evaluation 

Note 

1 Body weight gain + - >100 mg/kg  

2 Relative organ’s mass + + ? No dose-

dependent  

3 Intestinal wall macromolecular 

permeability 

- - >100 mg/kg  

4 Liver microsome system of 

xenobiotic detoxication  

Total CYP450 

Total Cytochrome b5 

CYP 1A1 activity 

CYP 1A2 activity 

CYP 2B1 activity 

 

Glutathione-S-transferase activity 

UDP-glucuronosyl transferase 

activity 

 

 

- 

- 

+ 

- 

+ 

 

+ 

- 

 

 

- 

- 

- 

- 

+ 

 

- 

- 

 

 

>100 mg/kg 

>100 mg/kg 

>100 mg/kg 

>100 mg/kg 

? 

 

>100 mg/kg 

>100 mg/kg 

 

 

 

 

 

 

No dose-

dependent 

5 Activity of lysosomal hydrolases  

total 

non-sedimentable 

 

- 

- 

 

- 

- 

 

>100 mg/kg 

>100 mg/kg 

 

6 Serum dyene conjugates of PUFA  

Antioxidant enzymes activity 

+ 

- 

- 

- 

>100 mg/kg 

>100 mg/kg 
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7 Liver pool of non-protein thioles - - >100 mg/kg  

8 Blood biochemistry 

AlAT activity 

AsAT activity 

 

 

+ 

- 

 

 

- 

- 

 

 

>100 mg/kg 

>100 mg/kg 

 

 

8 Serum albumin 

 

Total serum protein 

Serum glucose 

Serum creatinine 

Serum uric acid 

Alcaline phosphatase activity 

+ 

 

+ 

+ 

- 

- 

- 

+ 

 

+ 

+ 

- 

- 

- 

? 

 

? 

? 

>100 mg/kg 

>100 mg/kg 

>100 mg/kg 

No dose-

dependent  

same 

same 

9 Total hemoglobin - - >100 mg/kg  

10 Hematological indices (red blood 

cells) 

Hemoglobin concentration in cell 

Red blood cells count 

Hematocrit 

Mean red blood cell volume 

Hemoglobin amount in cell 

 

 

- 

+ 

- 

+ 

+ 

 

 

- 

- 

- 

- 

- 

 

 

>100 mg/kg 

>100 mg/kg 

>100 mg/kg 

>100 mg/kg 

>100 mg/kg 

 

11 Hematological indices (white blood 

cells) 

Total white cells count 

Lymphocytes ratio 

Same 

Other (monocytes, neutrophyles, 

basophiles etc) 

 

 

+ 

- 

+ 

 

- 

 

 

+ 

- 

+ 

 

- 

 

 

10-100 mg/kg 

>100 mg/kg 

<100 mg/kg 

>100 mg/kg 

 

 

 

 

 

at 

sensitization  

12 Platelets - - >100 mg/kg  

13 DNA oxidative damage (urinary 8-

oxoG) 

+ - >100 mg/kg  

14 Hepatic cells apoptosis (flow 

cytometry) 

- - >100 mg/kg  

15 Allergic sensitivity (active 

anaphylactic shock) 

- - >100 mg/kg  

16 IgG to ovalbumine level, ELISA, in 

sensitized animals  

 

- 

 

- 

 

>100 mg/kg 

 

17 Cytokines 

TNF- 

 

+ 

 

+ 

 

10-100 mg/kg 

 

18 Neutrophilic leucocytes 

phagocytosis activity  

- - >100 mg/kg  

19 Cellular immunity  

CD45RA+ (В-Ly) 

CD161a+ (Natural killers) 

CD3+ (Т-Ly) 

CD3+CD4+ (Т-helpers) 

CD3+CD8+ (Т-cytotoxic) 

CD4+/CD8+ ratio 

 

- 

+ 

- 

+ 

+ 

+ 

 

- 

- 

- 

+ 

+ 

+ 

 

>100 mg/kg 

>100 mg/kg 

>100 mg/kg 

10-100 mg/kg 

10-100 mg/kg 

10-100 mg/kg 

 

20 Cognitive function (CRPA) 

Anxiety level (CRPA) 

- 

+ 

- 

+ 

>100 mg/kg 

10-100 mg/kg 
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Figure 4. Effect of 92-day receiving various doses of nanoscale silica on the performance of the 

immune system of rats (data taken from [66]) 

 

Data obtained in animals sensitized with ovalbumin demonstrated similar yet less pronounced 

shifts in immunological parameters induced by silica and no significant increase was noticed in the 

severity of the allergic reaction after administration of antigen challenge dose (p>0.05). The same 

could be noted for the level of antibodies to ovalbumin.  

Thus, these data allow estimating LOAEL of nanosized amorphous silica corresponding to used as 

a food additive E551, by the value of 100 mg / kg body weight / day, and NOAEL value of 10 mg / kg 

body weight / day. Size of safe dose of amorphous nanosized silica must be reduced for human 

ingestion in accordance with the relevant safety coefficients to 100 times and thus is equal to 0.1 mg / 

kg of body weight per day, or 7-10 mg per day for an adult. 

4. Exposure assessment 

Assessing exposure to NPs and NMs needs measuring their number (quantity) entering the body by 

different ways (inhalation, oral, dermal) as a result of contact with various objects of the environment 

(air, water, soil) and products (food, perfume and cosmetic products, goods household chemicals, etc). 

The most important steps in the evaluation of exposure are: identification of scenarios and routes of 

exposure; identification of the medium that carries the NPs/NMs; determination of their concentrations 

in the control points; timing, frequency, and duration of exposure; identification of affected 

population. Exposure scenario can often be simplified in the real conditions of risk assessment and 

reduced to the flow of NPs/NMs by only one way (eg, ambient air, drinking water, food, cosmetic 

products, etc.). In some cases an exposure scenario may be limited to NPs/NMs income from certain 

source of emissions (eg waste of nanoindustry enterprises stationed in the area, the packaging material 

containing NPs and so on). 

With regard to NMs used in the composition of consumer’s goods direct impact of production on 

population should be considered both in the case of food products - by oral exposure, perfume and 

cosmetics - primarily transdermal.  Indirect impact should also be considered through objects of the 

environment. The significance increases of the latter group of scenarios with the volume of priority 

NM production. Thus annual production of silver NP totaled in the world more than 500 tons in terms 
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of Ag in 2011, and could exceed 1,000 tons in 2015 according to [34], which corresponds to about 140 

mg per year for every person on Earth. Silica NPs annual production is estimated at 25,000 tons in the 

world [67], which is about 40% of global issue volume of nanopowders. Daily load on human with 

silica NPs from food can reach 1.8 mg / kg body weight according to recent evaluation [51]. A more 

accurate estimate of the load is not possible at the moment, because the specification of silica used as a 

food additive E551 isn’t disclosed in many cases by the manufacturers of products, and its nanoscale 

nature isn’t declared. Selective control of a number of food and food supplements samples containing 

E551 and its products held in ION by means of dynamic light scattering showed that this dietary 

additive is known to present NPs having particle size in the range below 100 nm in many cases. 

It’s important to bear in mind when evaluating the exposure that the distribution of artificial 

mineral NP in the production and in the biosphere can be extremely uneven. It is assumed that the 

general population is exposed to NPs mainly by oral and transdermal route when consuming 

foodstuffs, food supplements and cosmetics containing these NPs, as well NPs migrating into food 

from packaging materials [68, 69], whereas inhaled route of exposure apparently predominates in 

employees of enterprises producing products with NMs [70]. The assumption does not receive 

experimental confirmation that a large number of mineral NPs can enter the atmosphere in the form of 

aerosols during the disposal of waste of textiles, medical supplies and other products of NT on waste-

incineration plants. In fact, a major amount of NPs is accumulated in ash together with the sludge from 

wet treatment system of exhaust gas clarification [71], which can be supplied subsequently to fields as 

a surrogate fertilizer, washed away into water, accumulate in different soil and water organisms [72], 

and eventually come to man through the food chain as a part of agricultural production. However, data 

is currently insufficient to quantify the exposure that proceeds in such a scenario. 

 

5. Risk characterization 

Several models are available to characterize quantitatively the risks of exposure to NPs and NMs 

depending on various scenarios of exposure and the rendered character of harmful effects [73-77]. 

Special attention should be given when choosing a model that is adequate to the current situation to 

information about the presence of cumulative effects produced by NPs/NMs (accumulation in organs 

and tissues, accumulation of toxic action) and certain types of remote effects on the body (mutagenic, 

carcinogenic effects, etc.), synergistic effects of various NPs and NMs in conjunction with toxic 

substances of traditional dispersity. 

The risk profiling of NPs/NMs is qualitative in nature when based on a model that takes into 

account deterministic effects, since all the risks are considered insignificant that are associated with 

the current dose (concentration) of the NPs/NMs at a level below the reference values (norms). If one 

exceed the reference value there is a significant risk, but it’s not currently possible to establish clearly 

the nature of the quantitative relationship between excess dose over reference level and value of risk 

(probability of harmful effect). In view of this, the risk assessment is based on qualitative model using 

so-called “Hazard quotinent” (HQ) and “hazard index” (HI) [78]. This model is basically the same that 

is applicable to non-carcinogenic risk of chemicals for which one can set the threshold for safe 

exposure. In this case, the hazard ratio is calculated by the formula 

RfDEdHQ /  

when Ed – exposure, а RfD – safe referent level of exposure (dose or concentration). It is clear that 

both values used in the calculation must match in dimension, so that the resulting hazard ratio remains 

dimensionless. 

The aggregative risk is characterized of a number of nanoscale factors in the case of their combined 

action by the hazard index (HI) which is calculated by the formula 
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N

i

iHQHI
1

 

when i- is a serial number of nanoscale factors taken into account. 

The total hazard index (THI) is calculated when the complex flow take place of nanoscale 

chemicals into the human body from the environment by a number of ways, as well as in the 

multimedia and multipath impact as follows: 





M

j

jHITHI
1

 

when HIj - hazard index for way or route of action number j from M possible. 

If risk calculated according to the specified parameters (coefficient index or the total hazard index) 

is 0.1 or less, the significance is negligible of harmful effects in humans, hence this impact is 

characterized as acceptable and does not require any measures for its decline. If the calculated hazard 

index of NPs/NMs is between 0.1 and 1.0 it’s possible that the risk of harmful effects in man 

throughout life must be regarded as significant taking into consideration the uncertainty in evaluating 

the exposure setting and the reference levels, and decision-making must provide a set of measures to 

reduce the impact of NPs/NMs on population/person . If the calculated ratio exceeds 1.0, the risk of 

harmful effects in humans is high (unacceptable), but it’s apparently not possible to pinpoint the 

precise value of this due to the qualitative nature of this model.  

Authors of paper [79] have shown with respect to the silver NPs migrating into the food from 

packaging materials, using the data of mass spectrometry confirmed by TEM, AFM and DLS, that 

exposure amount of consumer through packaged products didn’t not exceed the upper allowable levels 

of Ag consumption as a chemical element in the conditions when the packaging material was used by 

proper destination (e.g. for package of products in accordance with the manufacturer's 

recommendations). It is essential to note in this regard, that the silver nanoparticles  could  be 

successfully detected in the food product by DLS in modern method modification [80]. 

The results of the risk assessment of the NPs and NM should be taken into account in the design of 

decision-making to reduce risk levels for the population by controlling the production, trafficking and 

use of nanotechnology products, which is the generally termed as "risk management". 

 

6. Risk management 

Management is possible of risks posed by the NMs and NPs presented in consumer products on the 

basis of the assessment of the risks and in the presence of the regulatory framework to control NT and 

NM on the state, municipal (local) and the corporate level. 

Regulation of NT, which is now developing in most industrialized countries in the world, can be 

divided into the so-called "Horizontal" and "Vertical" regulation [81]. The subject of "Horizontal" 

regulation is formulated extremely broad and covers all kinds of products of certain functional 

purpose, for example, all food products, all cosmetics, medicines, etc., in the total amount of which 

NM and NT products occupy usually only a small section. In the case of "Horizontal" legislation 

specific properties of NPs and NMs are commonly not specified, and the rules are not stated 

applicable specifically to them. NM and nanotechnology products are covered by this legislation 

mainly because of their functional purpose to the extent that they perform the same tasks and have in 

some sense similar consumer properties as products not containing NM and produced by "traditional" 

technologies [82-84]. "Vertical" legislation is specifically designed for the purpose of NT and its  

products regulation and is applicable only in those industries. In view of this specificity is provided of 

the "Vertical" regulations, as opposed to the "horizontal", as a rule, by well-developed terminology 

and definitions, which allows one’s to apply nanotechnology products with much greater uniqueness 

and fewer discrepancies than "Horizontal" legislation. 
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The analysis of legal acts and special literature has shown that currently "vertical" legislation is 

developed abroad in a very small extent in relation to NPs and NT [81,85,86]. Perhaps the only 

example, to fully meet these criteria, is Regulation EC No 1223/2009 on cosmetic products, in which 

extensive sections are, providing specific procedures governing placing on the market and labeling of 

this type of NT products [87]. 

In the EAEC explicitly formulated articles are defined in a number of Technical regulations of the 

Customs Union adopted during the 2011-2012 that apply to NM and NT  products specified to their 

procedures-to-market (associated usually with the state registration of products). Thus, the elements of 

"Vertical" "nano" - legislation are already presented in these documents. As for lower level 

regulations, according to which the state registration and necessary expertise of products is held a 

whole system of recommendations and guidance documents was approved by Rospotrebnadzor that 

consider all aspects of control procedures implemented to nanotechnology products, including 

classification, examination procedures, state registration and supervision, quantitative analysis and 

valuation, toxicological and special studies, risk assessment. The system allows risk management of 

NMs and nanotechnology products at level of the most possible certainty at actual scientific 

knowledge in accordance with uniform, unified approach. 

 

7. Conclusion 

Genuine “flowering” of NT and NM application has been expected in the manufacturing of a great 

many consumer products, including food according to the forecasts for the period 2012-2014 which 

had been made at the beginning of the 2000s, mainly on the basis of trend analysis of scientific and 

patent information. However, studies have shown of commercialized range of consumer products, that 

there is the massive introduction of NT and NM predominantly in the manufacture of cosmetics, while 

their use in food products, packaging materials, household chemicals, etc. still includes a limited 

number of items and shows no significant upward trend. However, the problem is relevant of exposing 

population to priority NM and the associated risks due to high production volumes of some NMs and 

their entrance to the environment. Silver NPs and (by a wide margin) NPs of gold, platinum, and 

titanium dioxide have leading priority in this respect in accordance with the frequency of use in mass-

produced consumer goods. Nanosized silica introduction is now apparently underestimated into food 

products as a food additive since the use of this NM is not declared by manufacturers of products and 

objective control of its content is difficult. 

Analysis of literature data on toxicological properties of NMs shows that sufficient amount of 

information is currently accumulated enabling establishment of safe exposing doses of silver, titanium 

dioxide and gold NPs. In series of recent studies evidence have been provided on the effect of silica 

NPs oral intake on the state of the organism of laboratory animals, including the performance of the 

immune system. These results allow establishing a NOAEL for this practically important NM and 

move on to their hygienic regulation. 
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spectrometry with inductively coupled plasma; ION- Institute of nutrition (Moscow); LOAEL - the 
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