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Abstract. The paper relates to the field of standardization of methods for test-
ing by ecotoxicity of engineering nanomaterials using microorganisms. The va-
lidity of the methodological approach is discussed in the context of the wide-
spread use of nanomaterials and the high uncertainty of measurement of charac-
teristics to assess their safe application in industry and everyday life. Defining
the environmental toxicity of examined samples of ZnS-Alg containing various
concentrations of nanoparticles was done in theraw of experiments in vitro ac-
cording to the level of suppression of growth of test-cultures of Aspergillus ni-
ger (1119). Studying the toxic effects of nanoparticles indicated that the medi-
um with ZnS-Alg at concentrations 0.15 gqg/ml and 0.10 pg/ml had the same
average III-d class of toxicity; 0.05 pg/ml ZnS-Alg had low toxicity. The re-
sultsof the study have shown that in the standardization of new engineering na-
nomaterials the nanosafety issue can be addressed by using Aspergillus niger
as atest-culture. The obtained data confirm the possibility of using unicellular
organisms in the creation of universal express test systems for assessing the
safety of nanomaterials. The methodology tested in the work has good pro-
spects and can be included in the protocol in the development of standards, tak-
ing into account the ethical aspects of the introduction of modern nanomateri-
als.
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1 Introduction

The development of nanotechnologies and nanomaterials is a priority direction for
technological innovation, contributing to sustainable and comprehensive economic
growth. With the expansion of the production and use of engineering nanomaterials
(ENMs) in biomedical, textile, aerospace, cosmetics, petroleum, agricultural and elec-
tronic industries, the public's interest is increasingly emphasized in providing risk
assessments of the environmental and technological impact of nanotechnological
products [I]. This primarily concerns the effects of nano-sized objects, their agglom-
erates, and aggregates (NOAA) [2, 3, 4]. The development of standards and infra-



structure of quality is crucial to maintain the highest quality products and services
based on nanotechnology. A responsible approach to the development and commer-
cialization of nanotechnologies requires the standardization of methods that allow
assessing the impact of nanomaterials on the environment [5]. Despite a large number
of NOAA research findings and the development of new approaches to the complex
analysis of the physicochemical parameters of nanoparticles, current toxicological and
ecotoxicological methods do not allow to fully evaluate all risks and to determine the
potentially dangerous effects of nanomaterials [1, 4, 6]. The lack of a common meth-
odology makes it difficult to systematize the results of different labaratories on the
safety of new, diverse nanomaterials. In this regard, there is a need to develop effec-
tive methods for testing nanomaterials to identify potential negative impacts on living
organisms and ecosystems [2, 5]. The development of international standards for the
correct study of the toxicity and ecotoxicity of NOAA aims to reduce the potential
risks of adverse effects, which can significantly simplify the introduction of new
technologies and stimulate the development of scientific and technological progress
[7, 8]. Therefore, standardized procedures of ENMSs toxicity and ecotoxicity studies
need to be further improved and implemented.

Scientific and methodological providing a risk assessment of the impact of innova-
tive nanotechnological products on health and the environment, formation, and pro-
gress of technological and regulatory framework is necessary for the development of
international standards and recommendations on occupational safety, production, use
and disposal of nanomaterials.

2 Literature Review

Standardization in the field of nanotechnology provides the following [9, 10, 11, 12,
13, 14]:

— detailed study and control of the substance and processes at the nanoscale level
(below 100 nanometers in one or more dimensions) for further possible use;

— creation of new improved materials and devices taking into account the proper-
ties of nanosized objects, which allow optimizing their practical use.

Existing specific challenges in the development of standards relate to terminology
and nomenclature, instrumentation and metrology, testing methods, modeling, and
nanoethics standards, including nanosafety [8]. For example, ASTM standards con-
tain terminology in this area, provide recommendations for the practical use of nano-
technology and nanomaterials in various industries, as well as algorithms for proper-
ties testing and testing procedures, taking into account health and safety issues.

And furthermore, ISO / IES and CEN standards address nanosafety and nanotoxi-
cology issues. They ensure an assessment of the impact of nanomaterials on living
objects during the release of nanoparticles during the life cycle of the device or pro-
cess. Environmental, health, and safety (EHS) standards require measurement proto-
cols, standard tests, and techniques that can achieve clear comparability of nano-
material research. In the ISO / TC229 Technical Committee, the Working Group WG
3 (Health, Safety and Environment Scope) is responsible for the development of sci-



ence-based standards in the field of health, safety and environmental aspects of nano-
technology, the main task of which is to develop standardized methods for:

— the monitoring of professional exposure on nanomaterials;

the identification of relative toxicity and hazard potential of nanomaterials;

— toxicological testing of nanomaterials;

— environmentally sound nanomaterials application;

— making product safety of nanomaterials products.

Nowadays, the regulations to govern the use and implementation of nanomaterials
and nanotechnologies have been published. The following standards are used to pre-
pare samples in various appropriate medium for toxicological studies: ISO 10993-18
[9], ISO 14971 [10], ISO/TR 13014 [11], ISO/TR 16197 [12]. ISO/TR 12885:2018
[13]. Information on recommendations for assessment and decision-making for risk
management, in the context of incomplete and/or uncertain information on the use of
nanomaterials is contained in the following normative instruments [13, 14]. For better
harmonization in the field of regulation and control of nanotechnologies, new stand-
ardization projects are planned in various industries at the national, regional, and in-
ternational levels. The actual revision of the ISO / TC 229 documentation allows us to
confidently assert the need for a more intensive discussion (Fig. 1) in this direction
with more effective use of the results of scientific research of nanoscale objects.

Fig. 1. The discussion scheme of science-based EHS standards for nanotechnologies

When studying nanomaterials, methodological approaches that take into account the
behavior of nanoparticles in the process of their interaction with biological abjects
deserve special attention. Among them are the following four groups:

— epidemiology/occupational medicine;



— in vivo methods with animals;

— in vitro and in silico methods;

— methods for determining physicochemical properties.

Unfortunately, to date, there is virtually no experimentally proven evidence of the
effects of nanoobjects on populations of living organisms as part of an ecosystem.
Currently, test-cultures of biological objects are finding to assess the medium toxicity.
Strains of bacteria and unicellular fungi, cell cultures of plants and animals actively
react to the presence of toxicants in the environment in which they are located.

An analysis of the methods for determining the biosafety of nanomaterials has
shown that toxicological screening tests are useful for sound decision-making at the
initial stages of research and when developing products with NOAA [2, 5]. In addi-
tion, nanoparticle assessment should include toxicokinetic studies that can provide
information on potential "target organs” for nanoparticles, their transport and re-
sistance in tissues [7, 8]. In addition, there is the offer to evaluate the dangerous ef-
fects of nanomaterials through the study of the possibility of the formation of reactive
oxygen species (ROS) in cells, the excess of which provokes the development of oxi-
dative stress with harmful consequences for the whole body. Quantitative estimation
of ROS is possible using the electron-spin resonance method [15]. In accordance with
current ethical and scientific norms for experimental research, there is a global ten-
dency to replace traditional in vivo studies (using laboratory animals) with improved
in vitro model systems (using bacteria, tissue culture, tissue sections) and computer
modeling - in silico. Each year, the number of standardized techniques that allow the
assessment of the nanotoxicity of nanomaterials using in vitro and in silico methods is
increasing. Bio testing is one of the research methods for determination of the degree
of the toxic effect of chemical, physical and biological factors of the environment,
potentially dangerous for humans and components of ecosystems. The biological test
systems that may be used to detect the harmful effects of ENMs include the following
test objects: microorganisms; hydrations; organisms of higher animals; cellular and
subcellular elements [16].

It is known that for determination of the medium toxicity such cultures as Alter-
naria alternata, Aspergillus niger, Fusarium moniliforme, Penicillium chrysogenum
are successfully used. The reaction of the test-culture to the medium toxicity may be
expressed in changes in the quantity and the rate of biomass accumulation, the inten-
sity of excretion or absorption of energy (eg, luminescence for luminescent bacteria),
etc. Using test-cultures increasingly displaces a chemical analysis, which involves the
detection of chemical toxicants in the environment with the use of specific reagents to
the detection of particular substances. Applying biotesting has another advantage. It
provides an apportunity to determine the integral effect on living organisms of sub-
stances of the environment without determining the chemical composition. The analy-
sis of the literature suggests that the use of unicellular fungi that are common in the
environment may be the first step in determining the toxicity of nanoparticles for an
ecosystem for further certification of nanoproducts. The aim of this work was study-
ing the possibility of using the test-culture of fungi of the genus Aspergillus, which
are involved in the processes of biodegradation and destruction in the environment,
for bio testing of synthesized hybrid nanoparticles of zinc sulfide and alginate (ZnS-
Alg) with proven antibacterial properties [17].



3 Research Methodology

Zinc sulfide nanoparticles with alginate (ZnS-Alg) were synthesized by aqueous
chemical solution deposition [17]. As a precursor a mixture of zinc nitrate and thiou-
rea was used (a quantitative ratio was 1: 1). pH level was raised to 8 by adding an
ammonia solution. The optimum temperature of the reactor for chemical synthesis
was 90 ° C. For making a composite of zinc sulfide with alginate (ZnS-Alg) 3% sodi-
um alginate solution was supplemented to the mixture. The mineral composition of
the synthesized nanomaterial was investigated by X-ray fluorescence analysis (XRF)
with using XRF-spectrometer «ElvaX Light SDD» (Ukraine). Morphology of the
ZnS-Alg nanoparticles were studied by transmission electron microscopy (TEM).
TEM analyses were performed by using “PEM-125k™ (Ukraine).

Definition of environmental toxicity, containing various concentrations of exam-
ined samples, was done in the raw of experiments in vitro according to the level of
suppression of growth of test-cultures of Aspergillus niger (1119) according to patent
[12]. Before the inoculating, the quantity of spores in one drop of the prepared sus-
pension was defined according with the help of Horiayev camera. For inoculation, the
obtained standard suspension of the Aspergillus niger test culture (1119) was used,
which in an amount of 100 mkl was inoculated on Saburo agar medium (LLC “Phar-
maktiv”, Ukraine) containing various concentrations of the tested substances (Table
1). To control the cultivated of Aspergillus niger (1119) test-culture in isotonic solu-
tion NaCl inoculated in sterile Saburo agar without testing-samples was used.

Table 1. The distribution of test cultures Aspergillus niger (1119) in the experimental series.

o In vitrotestdesign: ~ Thenumber N In vitrotestdesign: ~ Thenumber
£ 2 Aniger(I119)+ of repeat & _q;i A. niger(1119) + of repeat
= g Saburo agar with experiment B § Saburo agar with experiment
o= =
& (n) it (n)

1 0.15pg/ml1ZnS 5 6 0.05 qg/ml Alg 5

2 0.10gg/m1ZnS 5 7 0.15 pg/ml ZnS-Alg 5

3 0.05 pg/m1ZnS 5 8 0.10 pg/ml ZnS-Alg 5

4 0.15 pg/ml1Alg 5 9 0.05 pg/ml ZnS-Alg ]

3 0.10 pg/m1Alg 5 Control ~ A. niger(1119) * 5

Saburo agar without
testing-samples

In the peried of incubation on the solid growing medium the diameter of the control
and experimentally grown colonies of test-cultures was measured with the help of
ruler in tow perpendicular directions and on five surfaces (each 24 hours), and was
fixed on the 3, 5, 7, 10 and 14 day. The number of measurements depended on the
speed of growth. The changes in the cultural features of the colonies (nature of edge,
change of color and other) were taken into account, start of spore-formation was
marked, etc.



Grounding of the received data the level of suppression of test-culture growth af-
fected by the toxicant in percentage rate to the control group (AR, %) was defined
[L7]. Based on the size of index AR the integral estimation of growth for each test-
culture compared to the control-culture with the further raging of growth range per-
centage was done: 0% — ( points— no growth; 1 — 29% — 1 point— highly suppressed
growth; 30-60% — 2 points moderately suppressed growth; 61 — 90% — 3 points
weakly suppressed growth; 91 — >100% — 4 points — normal growth/stimulation of
growth [17]. Depending on the received results of the integral estimation of toxicity
(in points) of the examined medium the distribution of the testing samples into the
classes of danger wasdone: I —extremely high toxicity —0-5  points; II—high toxicity
—6 — 29 points; Il —moderate toxicity — 30-64 points; IV — weak toxicity — 65-95
points; ¥— no toxicity — 96-100 points [17].

4 Results

An analysis of the results abtained for synthesized ZnS-Alg nanoparticles by using
transmission electron microscopy showed that the optimal conditions for chemical
synthesis made it possible to obtain particles of the proper spherical shape with the
same diameter of spheres. The images obtained at various magnifications made it
possible to evaluate the size and structure of nanoparticles (Fig. 2). The average parti-
cle size is in the range of from 50 to 80 nm. Each particle has a core formed by ZnS,
and a loose shell of the polymer - sodium alginate (Alg). XRF spectrograms of the
7nS-Alg nanocomposite give opportunity to estimate the chemical composition of the
nanoparticles and to prove the presence of ZnS in the test sample. The presence of
sodium alginate confirms the presence of a peak in the fluorescence of Na ions in the
"light" spectrum.
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Fig. 2. A TEM images of ZnS-Alg nanoparticles

Previous studies of the biological properties of synthesized hybrid ZnS-Alg nanopar-
ticles have demonstrated their ability to inhibit the growth of conditionally pathogenic
and pathogenic bacteria [16]. One of the most pressing problems of today is the de-
velopment of antibiotic resistance in bacterial cultures. That is why the presence of
antibacterial properties in the new nanomaterial gives optimistic predictions for its



further use and dictates the need for studies of the ecotoxicity of these nanoparticles
with using test-cultures involved in biodegradation and biodestruction in the envi-
ronment. Studing the toxicity of ZnS-Alg nanoparticles with using test-cultures of
Aspergillus niger (1119) allows to evaluate the degree of exposure to organisms and
the ecofunctional characteristics of individual populations of living organisms, their
communities and entire ecosystems, and to predict the effects of their use in order to
protect environmental effects of anthropogenic pollution and biodegradation. On the
basis of the data obtained to the determination of the medium toxicity with different
concentrations of the tested compounds (ZnS, Alg, ZnS-Alg), we found that the me-
dium containing ZnS in concentrations of 0.15 qg / ml; 0.10 qg / ml; 0.05 qg / ml
(experiment 1-3) had a weak toxic effect to the test-culture of Aspergillus niger
(1119) with an exposure of 14 days. So, the total indicator AR of the medium with a
content of 0.15 pg / ml ZnS was 92.4% (total growth indicator (TGI - 85 points); for
0.10 qg / ml ZnS - 93.8% (TGI - 95 points), for 0.05 pg / ml ZnS - 93.6% (TGI - 90
points), which is typical for class IV of environmental toxicity. Moreover, when eval-
vating the growth of the test culture colonies on a medium with 0.15 qg / ml ZnS, a
decrease in the toxicity of the medium was revealed during the entire experiment: the
culture growth criteria compared to the control on the 3rd - 7th day of the experiment
corresponded to 3 points (slightly inhibited growth ), and on the 10th and 14th day - 4
points (normal growth). In determining the toxic effect of alginate (experiment 3-6)
against Aspergillus niger (1119) at a 14-day exposure, it was found that media with
low alginate concentrations of 0.10 qg / ml and 0.05 qg / ml (experiment 4 - 6) do not
have toxicity to the test culture. TGI of the test culture was 100 points (V class of
toxicity); medium with a content of 0.15 Mtg/ml Alg was classified as slightly toxic
(AR - 87.6%; TGI - 80 points), and visually the test-culture had slightly inhibited
growth (TGI on 7-10 days was 3 points). Based on comparative data obtained in the
study of the toxic effects of ZnS-Alg nanoparticles, it can be concluded that the medi-
um with ZnS-Alg at concentrations 0.15 kg/ml and 0.10 pg/ml (experiment 7-8) had
the same average IlI-d toxicity class (TGI was 50 and 60 points respectively); 0.05
pg/ml ZnS-Alg (experiment 9) had low toxicity (TGI for a 14-day exposure was 75
points).

5 Conclusions

The obtained results suggest that the synthesized hybrid ZnS-Alg nanoparticles with
proven antibacterial properties do not have a toxic effect on Aspergillus niger micro-
mycetes, which are involved in biodegradation and biodestruction processes in the
environment. Although the biological and environmental impact of the new ZnS -Alg
nanoparticles requires further study, the results of the study have shown that in the
standardization of new engineering nanomaterials, the nanosafety issue can be ad-
dressed by using Aspergillus niger as a test-culture. The research results are
promising in the development of technical protocols for studying the environmental
toxicity of new nanomaterials but require comparative procedures with already
implemented testing methods. Verification of nanomaterials using unicellular



organisms is express for decision-making on continuing the development of products
containing nanomaterial; the expediency of costs for performance of the following
stages in need of multilevel testing; availability of appropriate control for the
continuation of laboratory studies of nanomaterials. The results of the research can be
used to develop international norms on the testing, use, and disposal of nanomaterials
for the health and safety of the public, consumers, workers, and the environment
using reasonable assumptions and appropriate risk management practices.
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