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1. General information on the course
	Full course name
	Responsible development of nanosafety as the contribution to the European Green Deal

	Full official name of a higher education institution
	Sumy State University

	Full name of a structural unit
	The Faculty of Technical Systems and Energy Efficient Technologies

Academic and Research Medical Institute

	Author(s)
	Dyadyura Kostiantyn Olexandrovich
Hrebenyk Liudmyls Ivanivna

	Cycle/higher education level
	The Second Level Of Higher Education, National Qualifications Framework Of Ukraine – The 7th Level, QF-LLL – The 7th Level, FQ-EHEA – The Second Cycle
The Third Level of Higher Education, National Qualifications Framework Of Ukraine – The 8th Level, QF-LLL – The 8th Level, FQ-EHEA – The Third Cycle

	Semester
	For the Second Level Of Higher Education: during the 7th or 8th or 9th or 10th semesters.
For the Third Level Of Higher Education: during the 1st or 2nd semesters.

	Workload
	The volume of the    discipline is 1,8 credits ECTS, 56 hours, of which 56 hours is contact work with the teacher (20 hours of lectures, 16 hours of practical classes)

	Language(s)
	English


2. Place in the study programme
	Relation to curriculum
	Elective course available for study programme "Biomedical Engineering", "Ecology and Environmental Protection", "Medicine"

	Prerequisites
	There are no specific рre-requisites

	Additional requirements
	There are no specific requirements

	Restrictions
	There are no specific restrictions


3. Aims of the course
The aim of teaching the discipline is to form in students a system of special knowledge about the safe use of nanotechnology (nanosafety) and acquire new skills in regulating the safety of production, use, and disposal of nanomaterials in advancing high standards of the European Green Agreement (The Green Deal); conducting research in the field of nanotechnology, evaluation, and interpretation of the results of these studies for the implementation of further research and innovation activities in compliance with nanosafety and the principles of academic integrity.
4. Contents
	Module 1. Development of nanosafety in the context of the European Green Deal

	Topic 1 The European Green Deal.

Green Deal Basics. Communiqué on implementing the European Green Course ("Fit for 55"). European Green Exchange Investment Plan. EU Zero Pollution Action Plan. Action plan for the development of organic production. A new EU strategy for adaptation to climate change. European Climate Pact. The chemical strategy of sustainability. A wave of renovations for Europe. New industrial strategy. EU Strategy for Soils until 2030. The new European Bauhaus. The EU's new forestry strategy. The foreign policy dimension of the EU and Ukraine's environmental and climate policies: a review and recommendations for Ukraine.

	Topic 2 Environmental approach to research and innovation.

Basic principles of EU environmental policy. Environmental responsibility: the experience of EU countries. Prospects for implementing environmental innovations: trends in the use of low-waste, resource-saving, technological processes. Scientific principles of eco-modernization of the enterprise in the EU. Experience in implementing environmental approaches at EU enterprises and state support for eco-innovation. Environmental competitiveness of products and enterprises. Prospects for the application of the ecological approach in research.

	Topic 3 Nanotechnologies for green innovations: nanomedicine and nanoinformatics.

Green nanotechnologies and nanoproducts: environmentally friendly chemical, technological, and production processes. Development of innovations in the field of green technologies in Europe. Nanomedicine: research and prospects for the safe development of new technologies in diagnosis and treatment. The use of environmentally friendly nanoparticles to create molecular drug delivery systems. Safety assessment of drug nanodrugs. Ethical principles of using nanoinformatics in scientific research.

	Topic 4 Environmentally friendly nanotechnologies for agriculture and industry.

Nanotechnology industry. Key Enabling Technologies (KET) for the modernization of industry and agriculture in Europe and the world, their safety for human health, and the environment. Nanotechnologies in the context of technogenic ecological safety of industry and agriculture. High-tech development of agriculture and processing industry. Nanotechnology to create a new generation of lubricants for the industry. Ukraine's participation in international processes of eco-modernization and "green" partnership with the use of safe nanotechnologies.

	Topic 5 Ways to reduce occupational risks in renewable energy: the use of advanced safe nanomaterials and nanotechnologies.
Nanotechnology in the energy sector. Nanomaterials and nanotechnologies in alternative energy: risks and principles of nanosafety. Dynamics of the alternative energy segment and the introduction of safe nanotechnologies. International and European system of occupational risk regulation for the use of nanomaterials and nanotechnologies in renewable energy. Nanosafety in research laboratories.

	Topic 6 Toxicological characteristics of nanoparticles.

Features of physicochemical properties and toxic effects of nanomaterials. Sources and ways of receipt, distribution, and removal of nanoparticles in the body. The main mechanisms of realization of the toxicity of nanomaterials in the human body. Safety assessment of nanoparticles of manufactured nature. Methods for assessing the toxicity of nanomaterials: determination of cytotoxicity and reactive oxygen species, assessment of genotoxicity, immunotoxicity, carcinogenicity, and organ toxicity. Nanotoxicity modeling. Using the Hartung algorithm to predict nanotoxicity. Methods for assessing the biodegradation of nanoparticles. ISO standards for evaluating the nanotoxicity of new materials.

	Topic 7 Exposition, transformation, and life cycle of engineered nanomaterials (ENM). 

The life cycle of engineering nanomaterials. Life cycle assessment methodology following ISO 14040 and ISO 14044. The life cycle inventory requirements («cradle-to-gate»). Emission pathways during the life cycle of nanomaterials. Stages of the risk assessment system for the use of nanomaterials.

	Topic 8 Assessment of the impact of nanomaterials on the environment.

Manifestations of biological effects of nanosized materials. Bioaccumulation and biodegradation of nanomaterials in living organisms and the environment. Influence of nanomaterials of anthropogenic and natural origin on the environment. Principles, methods, and indicators of experimental assessment of the impact of nanomaterials on the environment, taking into account the implementation of the European Green Deal. "Technical Committee 229 - Nanotechnology" (ISO / TC 229). Modern approaches to the regulation of nanomaterials.

	Topic 9 Responsible development of nanotechnology.
Prospects for the use of nanotechnology and risks to human health. Nanotechnology and nanomechanics. The concept of "research philosophy of nanotechnology". Introduce the mandatory practice of independent testing for nanoparticle content and determination of nanotoxicity of materials. Introduction of the safe-by-design concept in the production of new nanomaterials. The concept of sustainable development and responsible development of nanotechnologies. Basic principles of nanosafety.

	Topic 10 Nanosafety in Triple win policy: health benefits, environment, and justice. Cases with Triple win.

Triple win in the interests of sustainable development. Significant benefits and risks of nanomaterials. The balance between the benefits and risks of nanotechnology. Regulatory measures to improve responsible behavior and the use of "nanoproducts" from the consumer's point of view. Ways to overcome the uncertainty about the impact of nanoparticles on human health and the environment. Cases with a triple win. The balance between the benefits and dangers of nanotechnology. EU Code of Conduct for Responsible Food and Marketing.

	Topic 11 A new strategy for chemicals aimed at a non-toxic environment.

EU Chemicals Strategy. New EU policy on evaluation and registration of chemicals. Improving health and the environment. Stimulating innovation and increasing the EU's competitiveness. Chemical strategy as the first step toward Europe's ambitions for zero pollution.

	Topic 12 Nanomaterials in REACH and CLP.
Regulation on Registration, Evaluation, Authorization, and Restriction of Chemicals (REACH). Chemicals substances to REACH. Chemicals that have been removed from REACH. REACH implementation monitoring system. State support for the adaptation of REACN principles in Ukraine. REACH and CLP as a basis for managing the risks associated with nanomaterials. Adapt REACH instruments to new challenges in nanotechnology. CLP regulations and nanomaterials. Regulatory testing of nanomaterials for safety in the context of REACH and CLP.

	Topic 13 Connection the future of safe production of nanomaterials with environmental sustainability and helping to reduce the consumption of primary raw materials in the EU.

Nanotechnology in greening the EU economy. Development of "smart" nanomaterials and their industrial implementation, taking into account the European green policy. An action plan in a closed-loop economy in EU policies and the development of nanotechnology. Responsible innovations in the chemical sector of European countries and the development of safe and sustainable alternatives using nanomaterials. Using the principles of "green" chemistry in the development, manufacture, and use of nanomaterials and products.

	Topic 14 European and international strategic documents on nanosafety.

The Guidance on Registration and Substance Identification of nanoforms. Roadmap for a chemical strategy for sustainable development. European Parliament resolution on a strategy for the sustainable development of chemicals (dated 10.06.2020). Regulation of the European Parliament and the Council on the Registration, Evaluation, Authorization, and Restriction of Chemicals (REACH).

Regulation of the European Parliament and the Council on cosmetic products. EU-US Roadmap "Nanoinformatics 2030". Strategic Plan for implementing the European Open Science Cloud (EOSC). A new action plan in a closed-loop economy for a cleaner and more competitive Europe (European Commission, 2020). Strategy for sustainable development of chemicals on the way to a toxin-free environment (European Commission, 2021).

	Topic 15 Nanosafety in Europe: elements of strategy.

The importance of nanosafety. Nanosafety research landscape. Action plans and strategic funding tools. European Nanosafety Cluster European Platforms for Stakeholder Cooperation General topics of nanosafety research. Hazard mechanisms, biokinetics, and vulnerable populations Risk forecasting and management tools. Research priorities and road map. Implementation of the road map.

	Topic 16 European Register of Products Containing Nanomaterials.

Nanomaterials in the EU regulatory framework. Review of individual EU rules on nanomaterials. Regulation of medical devices based on nanotechnology. Introductory provisions of the EU Regulation 2015/2283 on novel foods. Information on nanomaterials in consumer goods. Research needs and examples of projects to meet regulatory requirements.

	Topic 17 Standardization in nanosafety.
Standardization for nanosafety. Technical committees (TCs) of ISO, IEC, and CEN that are involved (directly or indirectly) in the standardization of nanotechnology and nanomaterials. ISO plans and perspectives. ISO TC 229 Nanotechnologies: scope, participants, strategic goals. Standard methods of nanomaterials for assessment and control of occupational exposure, determination of hazard potential/toxicity of nanomaterials, toxicological screening, environmental impact, product safety, risk assessment, and risk management. Guidance on physicochemical characteristics of engineered nanoscale materials for toxicological evaluation: key parameters. Methods of modeling the influence of nanomaterials. Nanotechnology Panel of the American National Standards Institute (ANSI-NSP).

	Topic 18 Transparency measures for nanomaterials.
Understanding the public perception of the specific application of nanotechnology: public dialogue. Significant risks of technology. Access and use of new technologies. Balancing risk and innovation in nanotechnology. Economics of nanotechnology. EU Code of Conduct for Responsible Nanoscience and Nanotechnology Research. Nanosafety in Horizon 2020. EU H2020 risk management projects funded under the NMBP-13-2018 competition: RiskGONE, Gov4Nano, NANORIGO. Nobel Prize in Nanotechnology.

	Topic 19 European NanoSafety cluster.

History, structure, and results of the cluster. Cluster working groups (A-G) and their primary functions. Comprehensive approaches to testing and evaluating nanomaterials, given the concerns - report of the cluster working group. NSC Newsletter. NanoSafety. EU Nanomaterials Observatory. NanoCommons Knowledge Base. International cooperation. NSC regulatory roadmap.

	Topic 20 European Technology Platforms and Associations to promote and maximize synergies between EU projects. European education on nanosafety.

Nanomaterials control systems: Swiss Precautionary Matrix, NanoRiskCat (Danish Environmental Protection Agency, Denmark). British standard BSI PD 6699-2: 2007 and benchmark exposure levels. Support for the development of safe innovations in nanotechnology with the participation of NIA (Nanotechnologies Industries Association). Operation of European Technology Platforms (ETPs) relevant to nanosafety research: ETP on nanomedicine, ENIAC (nanoelectronics), SusChem (sustainable chemistry), ETPIS (industrial safety), ETP on innovative medicine, ETP on industrial safety (ETPIS). International cooperation, standardization, and education in nanotechnology and nanotechnology.

	Topic 21 Final control lesson.
Presentation of the results of collective research projects.


5. Intended learning outcomes of the course
After successful study of the course, the student will be able to:
	LO1
	Be able to explain and use knowledge of the basic principles of EU green policy and the European Green Deal when making informed decisions on the safe use of nanomaterials for human health and the environment.

	LO2
	Demonstrate theoretical knowledge and practical skills in nanosafety and standardization of products containing nanoparticles to determine the toxicity of nanomaterials with the subsequent interpretation of research results taking into account the recommendations of the primary documents on the regulation of nanotechnology.

	LO3
	Apply knowledge of the main provisions of the European Green Deal in the formation of the algorithm of research in the field of nanotechnology and the use of international standards ISO 229.

	LO4
	To substantiate the practicality of using international standards in researching to determine the toxicity of nanomaterials.

	LO5
	Be able to conduct information retrieval using modern information technology to use nanosafety knowledge and testing of nanomaterials.


7. Teaching and learning activities
7.1 Types of training
	Topic 1 The European Green Deal.

	Lec1 "Development of nanosafety in the context of the European Green Deal" (full-time course)

Green Deal Basics. Communiqué on implementing the European Green Course ("Fit for 55"). European Green Exchange Investment Plan. EU Zero Pollution Action Plan. Action plan for the development of organic production. A new EU strategy for adaptation to climate change. European Climate Pact. The chemical strategy of sustainability. A wave of renovations for Europe. New industrial strategy. EU Strategy for Soils until 2030. The new European Bauhaus. The EU's new forestry strategy. The foreign policy dimension of the EU and Ukraine's environmental and climate policies: a review and recommendations for Ukraine.

	Topic 2 Environmental approach to research and innovation.

	Lec2 "Environmental approach to research and innovation." (full-time course)

Basic principles of EU environmental policy. Environmental responsibility: the experience of EU countries. Prospects for implementing environmental innovations: trends in the use of low-waste, resource-saving, technological processes. Scientific principles of eco-modernization of the enterprise in the EU. Experience in implementing environmental approaches at EU enterprises and state support for eco-innovation. Environmental competitiveness of products and enterprises. Prospects for the application of the ecological approach in research.

pr.tr.1 “Modern approaches to research and innovation in the context of the main directions of the European Green Course. (full-time course)

New EU strategy in line with the main provisions of The Green Deal. Current trends in innovation and research follow the need to implement environmental approaches in the enterprises of the EU. The foreign policy dimension of the EU and Ukraine's ecological and climate policies: a review and recommendations for Ukraine.

	Topic 3 Nanotechnologies for green innovations: nanomedicine and nanoinformatics.

	Lec3 "Nanotechnologies for green innovations: nanomedicine and nanoinformatics" (full-time course)

Green nanotechnologies and nanoproducts: environmentally friendly chemical, technological, and production processes. Development of innovations in the field of green technologies in Europe. Nanomedicine: research and prospects for the safe development of new technologies in diagnosis and treatment. The use of environmentally friendly nanoparticles to create molecular drug delivery systems. Safety assessment of drug nanodrugs. Ethical principles of using nanoinformatics in scientific research.

	Topic 4 Environmentally friendly nanotechnologies for agriculture and industry.

	Lec4 "Environmentally friendly nanotechnologies for agriculture and industry." (full-time course)

Nanotechnology industry. Key Enabling Technologies (KET) for the modernization of industry and agriculture in Europe and the world, their safety for human health, and the environment. Nanotechnologies in the context of technogenic ecological protection of industry and agriculture. High-tech development of agriculture and processing industry. Nanotechnologies to create a new generation of lubricants for the industry. Ukraine's participation in international processes of eco-modernization and "green" partnership with the use of safe nanotechnologies.

pr.tr.2. "Environmentally friendly nanotechnologies and nanomaterials in industry and agriculture." (full-time course)

 Nanotechnologies and nanoproducts: general characteristics, use of environmentally friendly chemical, technological and production processes. Key technologies for medicine, modernization of industry, and agriculture in Europe. Ethical principles of using nanoinformatics in scientific research. Ukraine's participation in international processes of eco-modernization using safe nanotechnologies.

	Topic 5 Ways to reduce occupational risks in renewable energy: the use of advanced safe nanomaterials and nanotechnologies.

	Lec5 "Ways to reduce occupational risks in renewable energy: advanced safe nanomaterials and nanotechnologies." (full-time course)

Nanotechnology in the energy sector. Nanomaterials and nanotechnologies in alternative energy: risks and principles of nanosafety. Dynamics of the alternative energy segment and the introduction of safe nanotechnologies. International and European system of occupational risk regulation for the use of nanomaterials and nanotechnologies in renewable energy. Nanosafety in research laboratories.

	Topic 6 Toxicological characteristics of nanoparticles.

	Lec6 "Toxicological characteristics of nanoparticles."(full-time course)

Features of physicochemical properties and toxic effects of nanomaterials. Sources and ways of receipt, distribution, and removal of nanoparticles in the body. The main mechanisms of realization of the toxicity of nanomaterials in the human body. Safety assessment of nanoparticles of manufactured nature. Methods for assessing the toxicity of nanomaterials: determination of cytotoxicity and reactive oxygen species, assessment of genotoxicity, immunotoxicity, carcinogenicity, and organ toxicity. Nanotoxicity modeling. Using the Hartung algorithm to predict nanotoxicity. Methods for assessing the biodegradation of nanoparticles. ISO standards for evaluating the nanotoxicity of new materials.

pr.tr.3 "Evaluation of the toxic properties of nanoparticles."(full-time course)

Correlation of physicochemical properties and toxic effects of nanoparticles. Ways of entry, distribution, and removal of nanoparticles in the body. Basic molecular and cellular mechanisms of nanomaterial toxicity in the human body. Methods for assessing the safety of nanoparticles. Determination of cytotoxicity of nanomaterials, assessment of genotoxicity, immunotoxicity, carcinogenicity, and organ toxicity of nanoparticles. Nanotoxicity modeling.

	Topic 7 Exposition, transformation, and life cycle of engineered nanomaterials (ENM). 

	Lec7 "Exposure, transformation and life cycle of engineered nanomaterials (ENM)."(full-time course)

The life cycle of engineered nanomaterials (ENM). Life cycle assessment methodology following ISO 14040 and ISO 14044. Cradle-to-gate life cycle inventory requirements. Emission pathways during the life cycle of nanomaterials. Stages of the risk assessment system for the use of nanomaterials.

	Topic 8 Assessment of the impact of nanomaterials on the environment.

	Lec8 "Assessment of the impact of nanomaterials on the environment." )."(full-time course)

Manifestations of biological effects of nanosized materials. Bioaccumulation and biodegradation of nanomaterials in living organisms and the environment. Influence of nanomaterials of anthropogenic and natural origin on the environment. Principles, methods, and indicators of experimental assessment of the impact of nanomaterials on the environment, taking into account the implementation of the European Green Course. "Technical Committee 229 - Nanotechnology" (ISO / TC 229). Modern approaches to the regulation of nanomaterials.

pr.tr.4 "Life cycle of nanomaterials and assessing their impact on the environment." (full-time course)

The life cycle of engineered nanomaterials (ENM). Life cycle assessment methodology following ISO 14040 and ISO 14044. Manifestations of biological effects of nanosized materials. Bioaccumulation and biodegradation of nanomaterials in living organisms and the environment. Influence of nanomaterials of anthropogenic and natural origin on the environment. Modern approaches to the regulation of nanomaterials.

	Topic 9 Responsible development of nanotechnology.

	Lec9 "Responsible development of nanotechnology." (full-time course)

Prospects for the use of nanotechnology and risks to human health. Nanotechnology and nanomechanics. The concept of "research philosophy of nanotechnology". Introduce the mandatory practice of independent testing for nanoparticle content and determination of nanotoxicity of materials. Introduction of the safe-by-design concept in the production of new nanomaterials. The concept of sustainable development and responsible development of nanotechnologies. Basic principles of nanosafety.

	Topic 10 Nanosafety in Triple win policy: health benefits, environment, and justice. Cases with Triple win.

	 Lec10 "Nanosafety in the context of the Triple win policy: health benefits, the environment, and justice. Triple-win cases." (full-time course) 

Triple win in the interests of sustainable development. Significant benefits and risks of nanomaterials. The balance between the benefits and risks of nanotechnology. Regulatory measures to improve responsible behavior and the use of "nanoproducts" from the consumer's point of view. Ways to overcome the uncertainty about the impact of nanoparticles on human health and the environment. Cases with the triple win. The balance between the benefits and dangers of nanotechnology. EU Code of Conduct on Responsible Food Business and Marketing Practices.

pr.tr.5 "The concept of sustainable development and responsible development of nanotechnology." (full-time course) 

Basic principles of nanosafety. Significant benefits and risks of nanomaterials. The balance between the benefits and risks of nanotechnology. Regulatory measures to improve responsible behavior and the use of "nanoproducts" from the consumer's point of view. Introduction of the safe-by-design concept in the production of new nanomaterials.

	Topic 11 A new strategy for chemicals aimed at a non-toxic environment.

	Lec11 "A new strategy for chemicals aimed at a non-toxic environment." (full-time course) 

EU Chemicals Strategy. New EU policy on evaluation and registration of chemicals. Improving health and the environment. Stimulating innovation and increasing the EU's competitiveness. Chemical strategy as the first step toward Europe's ambitions for zero pollution.

	Topic 12 Nanomaterials in REACH and CLP.

	Lec12 "Nanomaterials in REACH and CLP." (full-time course) 

Regulation on Registration, Evaluation, Authorization, and Restriction of Chemicals (REACH). Chemicals substances to REACH. Chemicals that have been removed from REACH. REACH implementation monitoring system. State support for the adaptation of REACN principles in Ukraine. REACH and CLP as a basis for managing the risks associated with nanomaterials. Adapt REACH instruments to new challenges in nanotechnology. CLP regulations and nanomaterials. Regulatory testing of nanomaterials for safety in the context of REACH and CLP.

pr.tr 6. "A new strategy for chemicals under REACH and CLP." (full-time course)
New EU policy on evaluation and registration of chemicals. Improving health and the environment. REACH implementation monitoring system. State support for the adaptation of REACN principles in Ukraine. REACH and CLP as a basis for managing the risks associated with nanomaterials. Adapt REACH instruments to new challenges in nanotechnology.

	Topic 13 Connection the future of safe production of nanomaterials with environmental sustainability and helping to reduce the consumption of primary raw materials in the EU.

	Lec13 "The link between future safe production of nanomaterials and environmental sustainability and helping to reduce the consumption of primary raw materials in the EU." (full-time course)
Nanotechnology in greening the EU economy. Development of "smart" nanomaterials and their industrial implementation, considering the European green policy. An action plan in a closed-loop economy in EU policies and the development of nanotechnology. Responsible for innovations in the chemical sector of European countries and the development of safe and sustainable alternatives using nanomaterials. Using the principles of "green" chemistry in the development, manufacture, and use of nanomaterials and products.

	Topic 14 European and international strategic documents on nanosafety.

	Lec14 "European and international strategic documents on nanosafety." (full-time course)
The Guidance on Registration and Substance Identification of nanoforms. Roadmap for a chemical strategy for sustainable development. European Parliament resolution on a strategy for the sustainable development of chemicals (dated 10.06.2020). Regulation of the European Parliament and the Council on the Registration, Evaluation, Authorization, and Restriction of Chemicals (REACH).

Regulation of the European Parliament and the Council on cosmetic products. EU-US Roadmap "Nanoinformatics 2030". Strategic Plan for implementing the European Open Science Cloud (EOSC). A new action plan in a closed-loop economy for a cleaner and more competitive Europe (European Commission, 2020). Strategy for sustainable development of chemicals on the way to a toxin-free environment (European Commission, 2021).

	Topic 15 Nanosafety in Europe: elements of strategy.

	Lec15 "Nanosafety in Europe: elements of strategy." (full-time course)

The importance of nanosafety. The landscape of nanosafety research. Action plans and strategic funding tools. European Nanosafety Cluster European Platforms for Stakeholder Cooperation General topics of nanosafety research. Hazard mechanisms, biokinetics, and vulnerable populations Risk forecasting and management tools. Research priorities and road map. Implementation of the road map.

pr.tr 7 "Nanosafety in Europe: European Strategy Papers and Strategic Directions." (full-time course)
Roadmap for a chemical strategy for sustainable development. A new action plan for a closed-loop economy for a cleaner and more competitive Europe. Strategy for sustainable development of chemicals on the way to a toxin-free environment. The landscape of nanosafety research. General topics of nanosafety research.

	Topic 16 European Register of Products Containing Nanomaterials.

	Lec16 "European register of products containing nanomaterials." (full-time course)

Nanomaterials in the EU regulatory framework. Review of individual EU rules on nanomaterials. Regulation of medical devices based on nanotechnology. Basic provisions of the EU Regulation 2015/2283 on novel foods. Information on nanomaterials in consumer goods. Research needs and examples of projects to meet regulatory requirements.

	Topic 17 Standardization in nanosafety.

	Lec17 "Standardization in nanosafety." (full-time course)

International standards in nanosafety. Technical committees (TCs) of ISO, IEC, and CEN that involved (directly or indirectly) in the standardization of nanotechnology and nanomaterials. ISO plans and perspectives. ISO TC 229 Nanotechnologies: scope, participants, strategic goals. Standard nanomaterials methods for assessing and controlling occupational exposure, determining the hazard potential/toxicity of nanomaterials, toxicological screening, environmental impact, product safety, risk assessment, and risk management. Guidance on physicochemical characteristics of engineered nanoscale materials for toxicological evaluation: key parameters. Methods of modeling the influence of nanomaterials. Nanotechnology Panel of the American National Standards Institute (ANSI-NSP).

	Topic 18 Transparency measures for nanomaterials.

	Lec18 "Transparency measures for nanomaterials." (full-time course)

Understanding the public perception of the specific application of nanotechnology: public dialogue. Significant risks of technology. Access and use of new technologies. Balancing risk and innovation in nanotechnology. Economics of nanotechnology. EU Code of Conduct for Responsible Nanoscience and Nanotechnology Research. Nanosafety in Horizon 2020. EU H2020 risk management projects funded under the NMBP-13-2018 competition: RiskGONE, Gov4Nano, NANORIGO. Nobel Prize in Nanotechnology.

	Topic 19 European NanoSafety cluster.

	Lec19 "European Cluster NanoSafety." (full-time course)

History, structure, and results of the cluster. Cluster working groups (A-G) and their primary functions. Comprehensive approaches to testing and evaluating nanomaterials, given the concerns - report of the cluster working group. NSC Newsletter. NanoSafety. EU Nanomaterials Observatory. NanoCommons Knowledge Base. International cooperation. NSC regulatory roadmap.

	Topic 20 European Technology Platforms and Associations to promote and maximize synergies between EU projects. European education on nanosafety.

	Lec20 "European Technology Platforms and Associations to Promote and Maximize Synergies between EU Projects. European Nanosafety Education." (full-time course)

Nanomaterials control systems: Swiss Precautionary Matrix, NanoRiskCat (Danish Environmental Protection Agency, Denmark). British standard BSI PD 6699-2: 2007 and benchmark exposure levels. Support for the development of safe innovations in nanotechnology with the participation of NIA (Nanotechnologies Industries Association). Operation of European Technology Platforms (ETPs) relevant to nanosafety research: ETP on nanomedicine, ENIAC (nanoelectronics), SusChem (sustainable chemistry), ETPIS (industrial safety), ETP on innovative medicine, ETP on industrial safety (ETPIS). International cooperation, standardization, and education in nanotechnology and nanotechnology.

	Topic 21 Final control lesson.

	pr.tr 8 “Final control lesson.” (full-time course)

Presentation of the results of collective research projects.


7.2 Learning activities
	LA1
	Solving cases in practical classes by groups of students.

	LA2
	Performing tasks of individual work on all topics of practical classes.

	LA3
	E-learning and testing in systems (Mix.SumDU, Meet and in the format of YouTube channel).

	LA4
	Self-study

	LA5
	Preparation for current and final test/oral control

	LA6
	Preparation for practical classes

	LA7
	Presentation of the results of collective tasks (homework and classroom), which groups of 4-5 students perform following the theme of the practical lesson

	LA8
	Viewing training videos in practical classes

	LA9
	Work with textbooks and relevant information sources

	LA10
	Performance of tasks of collective projects which are executed independently and results

	LA11
	Individual research project (student research work, article, thesis, etc.)


8. Teaching methods
Course involves learning through:
	TM1
	Interactive lectures

	TM2
	Case-study training

	TM3
	Method of video demonstrations

	TM4
	Research-based learning (RBL) 

	TM5
	Educational discussion / debate

	TM6
	Preparation for the final control

	TM7
	Brain storm

	TM8
	Team-based learning (TBL)


The lectures provide students with essential materials for studying issues related to nanosafety in the context of European green policy. Lectures are complemented by practical classes that give students the opportunity to demonstrate and deepen their knowledge of the discipline's main topics. The use of scientific animated films allows to visualize research methods on nanomaterials' toxicity and test their safe production, use, and disposal. Case-study allows applying knowledge to a reasoned assessment of nanotechnology regulation using international standards. Independent learning will be facilitated by preparation for practical classes and work in small groups to discuss presentations in practical classes, the final lesson with further analysis of the results of joint work. The use of discussions, debates, and excitement elements in practical classes promote creative thinking development. It optimizes the search for the most optimal algorithms for solving complex practical problems.
The course provides students with the following soft skills: the ability to abstract thinking, analysis, and synthesis; the ability to communicate in the state language both orally and in writing; the ability to use information and communication technologies; the ability to learn and master modern knowledge; the ability to search, process, and analyze information from various sources.
9. Methods and criteria for assessment
9.1. Assessment criteria
	Definition
	National scale
	Rating scale

	Outstanding performance without errors
	5 (Excellent)
	90 ≤ RD ≤ 100

	Above the average standard but with minor errors
	4 (Good)
	74 ≤ RD < 89

	Fair but with significant short comings
	3 (Satisfactory)
	60 ≤ RD < 73

	Fail – some more work required before the credit can be awarded
	2 (Fail)
	0 ≤ RD < 59


9.2 Formative assessment
	FA1
	Testing

	FA2
	Interviews and oral comments of the teacher on his results

	FA3
	Protection of presentations and abstracts

	FA4
	Examination and evaluation of written theoretical tasks

	FA5
	Independent performance of situational exercises by students in practical classes and their discussion


9.3 Summative assessment
	SA1
	Current control measures: oral examination or assessment of written work, problem-solving, testing

	SA2
	Final control: presentation of the results of collective research projects


Form of assessment:
	   Semester
	100 scores

	SA1. Execution of a practical case (preparation, presentation, defense)
	60

	
	
	60

	SA2. Final control: Differential credit (according to the regulations)
	40

	
	
	40


Form of assessment (special cases):
	Semester
	100 scores

	SA1. Execution of a practical case (preparation, presentation, defense)
	60

	
	In case of quarantine restrictions, the practical case is performed remotely using the platforms MIX.sumdu.edu.ua, Zoom, Google meet 
	60

	SA2. Final control: Differential credit (according to the regulations)
	40

	
	In case of quarantine restrictions, the differential test is carried out remotely using the platforms MIX.sumdu.edu.ua, Zoom, Google meet
	40


The assessment of student performance is as follows. Current performance is assessed according to the traditional 4-point system. The calculated arithmetic mean scores for testing and the theoretical part are recalculated into points at the end of the semester. The sum of all points obtained during the semester is the result of assessing students' current work. The final result of success for the semester is a test that the student can receive if the conditions of the regulations on the results of current performance and successful defense of project research work following the thematic plan of the discipline. Incentive points are added to the grade for the discipline for the following types of research activities: preparation and defense of student research - 12 points, conference speech - 5 points, poster presentation at the conference - 4 points, abstracts at the conference - 3 points). The total score in the discipline may not exceed 100 points.
10. Learning resources
10.1 Material and technical support
	MTS1
	Devices: projectors, screens, smart boards  

	MTS2
	Library funds

	MTS3
	Computers and software to support distance learning


10.2 Information and methodical support
	Essential Reading

	1
	Nanotoxicology and Nanosafety 2.0/ Ying-Jan Wang  (Ed.). - Printed Edition of the Special Issue Published in International Journal of Molecular Sciences, 2020. – 320 p.

	2
	Nano Medicine and Nano Safety. Recent Trends and Clinical Evidences/ Malay K. Das, Yashwant V. Pathak (Editors) - Springer, Singapore. 2020. - 635 p.

	3
	The Green New Deal Publisher/ Jeremy Rifkin. - Publisher St. Martin's Griffin, 2020. - 304 p.

	4
	https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en

	Supplemental Reading

	1
	https://www.bam.de/Content/EN/Standard-Articles/Topics/Materials/nanotechnology/nanosafety.html

	2
	https://www.greenfacts.org/en/nanosafety/l-2/index.htm

	3
	https://www.nanosafetycluster.eu/

	4
	https://www.nanowerk.com/nanotechnology/reports/reportpdf/report159.pdf

	5
	https://global-gnd.com/wp-content/uploads/2021/03/GGND-Booklet-DIGITAL-withlink-single.pdf

	6
	https://ec.europa.eu/clima/eu-action/european-green-deal_en
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