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We consider nanostructures, i.e. particles and structures with dimensions between 1 nm and 100 nm, to be the basic building blocks of nanomaterials. Nanoparticles are a common part of the environment (erosion, forest fire emissions, decomposition of substances, volcanic gases, etc.). However, human activity can significantly contribute to the amount of nanoparticles created. Nanoparticles are purposefully produced by new technologies (nanotechnology), but at the same time they are unintentionally created in industry (steel mills, ironworks, mining of raw materials, ceramic industry, etc.) and transport.
In operations where nanoparticles are produced, employees are primarily at risk of inhaling them. Inhaled air containing particles is filtered in the respiratory system. Absorption of nanoparticles depends on their physicochemical properties. Compared to other materials that enter the body, nanomaterials have an exceptional ability to migrate in the living body, which increases their impact on human health.
Measurements for a given type of textile production are published on this topic. The procedure for our measurement of the concentration of nanoparticles (10-700 nm) and their mean diameters can be called a "field". The aim of these measurements in real situations was to prove the quality of applied technologies in the production of non-woven textiles.
Keywords: Nanosafety, Air pollution, Occupational health and safety.
Introduction
Nanotechnology is being incorporated into the textile fiber industry for its unique and valuable properties (Shah et al., 2022). The new properties have significantly improved the functionality and performance characteristics of textile and fiber materials (Karst and Yang, 2006). Based on its numerous advantages, nanotextile technology is increasingly used in various interrelated fields, including medical garments, geotextiles, or fire and water resistant textiles (Brown and Stevens, 2007). 
Exposure to engineered nanomaterials has been linked to several health effects including carcinogenicity and genotoxicity (Johnston et al., 2020). Nanoparticles are the smallest and most easily penetrate into the inner human environment. This is why nanosafety is so important in the textile industry. Obtaining data on emissions and concentrations of nanomaterials of nanotextiles is extremely important (Saleem and Zaidi, 2020). 
Current emission regulations do not take into account the number of nanoparticles or the type produced by the technology in the nanotextile industry. Due to the potential health effects of nanoparticles on human health, exposure to this source of air pollution should be minimal. 
Material and methods
The Testo DiSC mini 133 device was used for all measurements - measuring range 10-700 nm. The diffusion size classifier (DiSCmini) is a relatively simple and robust instrument that can measure with a high time resolution of 1s. The device is based on charging and current detection, there is no working fluid as in CPC.
The measurement of nanoparticle emissions in the indoor environment in the nanotextile industry was carried out at several workplaces in the Czech Republic (Fig. 1, 2, 3). The main source of nanoparticles was identified from the measured results of nanoparticle concentrations (ISO/TR 27 628, 2007). 
The evaluation of risks associated with the action of nanoparticles was performed according to a certified methodology for the provision of personal protective equipment in an environment with a risk of nanoparticles (Senčík et al., 2016). 
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Figure 1: Nanoparticle emission measurement in Ecotextil factory, 30 January 2023.
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Figure 2: Nanoparticle emission measurement in Pardam factory, 7 September 2020.
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Figure 3: Nanoparticle emission measurement in SPUR factory, 8 October 2020.
Results
The expected exposure time when working in this environment (interior - factory hall) is over 6 hour / day, resp. over 30 hours per week (category 4). As these are man-made nanoparticles, their emissions are classified as the second worst hazard group (IV). 
Based on the determination of the exposure time and classification into hazard groups, we evaluated the risks associated with the action of nanoparticles. The risk has a value of 3. This means that a negative impact on human health by nanoparticles can be expected. The risk of potential negative health effects associated with the action of nanoparticles can be perceived as unacceptable, Table 1. It is always recommended to use respiratory protection at work.
The expected exposure time when working in this environment (interior - laboratory room) is from 1 to 3 hours per day, or from 5 to 15 hours per week (category 2). As these are man-made nanoparticles, their emissions are classified in the second worst danger group (IV). 
Based on the determination of the exposure time and classification into hazard groups, we evaluated the risks associated with the action of nanoparticles. The risk has a value of 2. This means that a negative impact on the employee's health due to exposure to nanoparticles cannot be ruled out. The risk of potential negative health effects associated with exposure to nanoparticles on employees can be perceived as conditionally acceptable, Table 1. It is recommended to use respiratory protection at work.
Table 1: Nanoparticle emission measurement in the indoor environment - assessment of risks (AVG – average, CP – closed technology, GV – general ventilation, LE – laboratory equipment, LEV – local exhaust ventilation, MP – mass production, OP – open technology, PA 6 – extruded polyamide (nylon), PL – product lines for industrial use, PP – polypropylene, PU – polyurethane, PVB – polyvinyl butyral, PVDF –polyvinylidene fluoride, SSP – small scale production, TM – trade mark)
	Name and type
	Technology, principle of production
	Processed plastic
	Place
	Production size, ventilation
	Exposure time category
	Danger group
	Assessment risks associated with the action of nanoparticles
	Number of particles [#. cm-3] (AVG)
	Particle size [nm] (AVG)

	Ecotextil, factory
	OP, meltblown
	PP
	Horňátky (CZ), Hall A
	MP, PL, GV
	4
	IV
	3
	2.043,062
	35

	Pardam, factory
	OP, electrospinning
	PA 6 
	Roudnice nad Labem (CZ), Hall
	MP, PL, GV
	4
	IV
	3
	18,915
	33

	Spur, factory
	OP, electrospinning
	PVDF 
	Zlín (CZ), Main hall
	MP, PL, GV
	4
	IV
	3
	34,491
	40

	Nanomedical, factory
	OP. elektrospinning, NanospiderTM
	PVDF
	Prague (CZ), Hall
	MP, PL, GV
	4
	IV
	3
	5,700
	50

	Institute of Hydrodynamics
The Czech Academy of Sciences, experimental laboratory
	CP, electrospinning
	PVB
	Prague (CZ), Room 
	SSP, LE, LEV
	2
	IV
	2
	6,399
	46

	Technical University of Liberec, experimental laboratory
	CP, electrospinning
	PA 6
	Liberec (CZ), Room
	SSP, LE, LEV
	2
	IV
	2
	3,102
	59

	Faculty of Science Charles University, experimental laboratory
	CP, electrospraying
	PU
	Prague (CZ), Room
	SSP, LE, LEV
	2
	IV
	2
	12,428
	28



The expected exposure time when working in this environment (interior - factory hall A) is over 6 hour / day, resp. over 30 hours per week (category 4). As these are man-made nanoparticles, their emissions are classified as the second worst hazard group (IV). 
Based on the determination of the exposure time and classification into hazard groups, we evaluated the risks associated with the action of nanoparticles. The risk has a value of 3. This means that a negative impact on human health by nanoparticles can be expected. The risk of potential negative health effects associated with the action of nanoparticles can be perceived as unacceptable, Table 2. It is always recommended to use respiratory protection at work.
The expected exposure time when working in this environment (interior - factory hall B, C, D) is from 1 to 3 hours per day, or from 5 to 15 hours per week (category 2). As these are man-made nanoparticles, their emissions are classified in the second worst danger group (IV). 
Based on the determination of the exposure time and classification into hazard groups, we evaluated the risks associated with the action of nanoparticles. The risk has a value of 2. This means that a negative impact on the employee's health due to exposure to nanoparticles cannot be ruled out. The risk of potential negative health effects associated with exposure to nanoparticles on employees can be perceived as conditionally acceptable, Table 2. It is recommended to use respiratory protection at work.
Table 2: Nanoparticle emission measurement in the indoor environment - assessment of risks (AVG – average, GV – general ventilation, MP – mass production, OP – open technology, PL – product lines for industrial use, PP – polypropylene)
	Name and type
	Technology, principle of production
	Processed plastic
	Place, number of employees
	Production size, ventilation
	Exposure time category
	Danger group
	Assessment risks associated with the action of nanoparticles
	Number of particles [#. cm-3] (AVG)
	Particle size [nm] (AVG)

	Ecotextil, factory
	OP, meltblown
	PP
	Hall A - pigment dispenser, 1
	MP, PL, GV
	4
	IV
	3
	1.130,027
	50

	Ecotextil, factory
	OP, meltblown
	PP
	Hall A – extruder, 1
	MP, PL, GV
	4
	IV
	3
	1.100,627
	52

	Ecotextil, factory
	OP, meltblown
	PP
	Hall A - Discharge head, 1
	MP, PL, GV
	4
	IV
	3
	2.043,062
	35

	Ecotextil, factory
	OP, meltblown
	PP
	Hall A - movement across the entire area, 5
	MP, PL, GV
	4
	IV
	3
	347,863
	56

	Ecotextil, factory
	OP, meltblown
	PP
	Hall B - empty hall, no production, PL dismantled, 4
	-, -, -
	2
	IV
	2
	13,039
	41

	Ecotextil, factory
	OP, meltblown
	PP
	Hall C, 5
	MP, PL, GV
	2
	IV
	2
	37,998
	62

	Ecotextil, factory
	OP, meltblown
	PP
	Hall D, 4
	MP, PL, GV
	2
	IV
	2
	28,237
	37



The expected exposure time when working in this environment (interior - laboratory room A) is from 1 to 3 hours per day, or from 5 to 15 hours per week (category 2). As these are man-made nanoparticles, their emissions are classified in the second worst danger group (IV). 
Based on the determination of the exposure time and classification into hazard groups, we evaluated the risks associated with the action of nanoparticles. The risk has a value of 2. This means that a negative impact on the employee's health due to exposure to nanoparticles cannot be ruled out. The risk of potential negative health effects associated with exposure to nanoparticles on employees can be perceived as conditionally acceptable, Table 3. It is recommended to use respiratory protection at work.
The expected exposure time when working in this environment (interior - laboratory room B) is up to 1 hour / day, resp. up to 5 hours per week (category 1). As these are man-made nanoparticles, their emissions are classified in the second worst danger group (IV).
Based on the determination of the exposure time and classification into hazard groups, we evaluated the risks associated with the action of nanoparticles. The risk has a value of 2. This means that a negative impact on the employee's health due to exposure to nanoparticles cannot be ruled out. The risk of potential negative health effects associated with exposure to nanoparticles on employees can be perceived as conditionally acceptable, Table 3. It is recommended to use respiratory protection at work.
Table 3: Nanoparticle emission measurement in the indoor environment - assessment of risks (AVG – average, CP – closed technology, LE – laboratory equipment, LEV – local exhaust ventilation, PA 6 – extruded polyamide (nylon), SSP – small scale production)
	Name and type
	Technology, principle of production
	Processed plastic
	Place, number of employees 
	Production size, ventilation
	Exposure time category
	Danger group
	Assessment risks associated with the action of nanoparticles
	Number of particles [#. cm-3] (AVG)
	Particle size [nm] (AVG)

	Technical University of Liberec, experimental laboratory
	CP, electrospinning
	PA 6
	Room A - movement across the entire area, 1
	SSP, LE, LEV
	2
	IV
	2
	2,829
	67

	Technical University of Liberec, experimental laboratory
	CP, electrospinning
	PA 6
	Room A - device operation, 1
	SSP, LE, LEV
	2
	IV
	2
	2,600
	66

	Technical University of Liberec, experimental laboratory
	CP, electrospinning
	PA 6
	Room A - desk, 1
	SSP, LE, LEV
	2
	IV
	2
	3,391
	57

	Technical University of Liberec, experimental laboratory
	CP, electrospinning
	PA 6
	Room A - corridor, 1
	SSP, LE, LEV
	2
	IV
	2
	3,102
	59

	Technical University of Liberec, experimental laboratory
	CP, electrospinning
	PA 6
	Room B - hood, 1
	SSP, LE, LEV
	1
	IV
	2
	698
	42

	Technical University of Liberec, experimental laboratory
	CP, electrospinning
	PA 6
	Room B - movement across the entire area, 8
	SSP, LE, LEV
	1
	IV
	2
	1,033
	54


Discussion
We focused on nanotextile producers - factories and laboratories. The source of nanoparticles is processed plastics (Table 1). It would be ideal to measure the emission of nanoparticles in several tens to hundreds of nanotextile enterprises, but there are not that many in the Czech Republic.
The priority is to eliminate or reduce exposure to nanoparticles in workplaces, using engineering control systems such as: containment, local exhaust ventilation and general ventilation (Aitken et al., 2004). The best way to protect yourself is to seal off the sources of the nanoparticles. If this is not possible, a local exhaust ventilation with different types of hoods depending on the process requirements can be used. Local ventilation must be supported by general ventilation systems. The effective performance of ventilation systems depends to a large extent on their appropriate use and maintenance. The measurements prove that the situation in the laboratory environment and in the factory is different. Laboratories have closed technologies and powerful hoods, while nanotextile factories have open technologies and general ventilation. The performance parameters of the ventilation and its maintenance were not evaluated.
Employees in the nanotechnology industry did not have any individual respiratory protection at work. This is precisely why protecting the health of employees when working in the nanotextile industry is very important, as exposure to engineered nanomaterials from textile materials could happen by means of several pathways: inhalation, skin absorption and ingestion (Alanezi, 2018). The easiest way to receive artificial nanoparticles is the respiratory tract. Since engineered nanoparticles are smaller than 100 nm (Table 1, 2, 3), these materials can smoothly penetrate cells (Aryal et al., 2019), the smaller the nanoparticle, the higher the potential health risk (ISO TR 27628, 2007). Thus, the main problem for employees in the nanotextile industry during exposure to nanoparticles from textiles is their inhalation.
If the risk is 2 or 3, measures should be taken to minimize the negative impact of nanoparticles on human health. This can be achieved through technical and organizational measures. Alternatively, with the help of individual measures, or with the help of personal protective equipment, here respiratory protection equipment.
Risk minimization should always be considered in the case of the danger of nanoparticles, which are listed in the certified methodology for providing personal protective work equipment in environments with a risk of nanoparticles (Senčík et al., 2016). In these cases, it is always recommended to use protective respiratory equipment. In the case of extreme exposure to nanoparticles, it is recommended to prioritize the protection of employees by technical means, or using collective protection.
In the event that the risk is marked 3 or 2 and is associated with the action of nanoparticles, it is advisable to address other possibilities of penetration of nanoparticles into the body and to consider, for example, suitable eye and skin protection (Senčík et al., 2016).
Conclusions
The concentration of nanoparticles in nanotextile operations is relatively high, as the risk assessment reaches medium and high values.
To minimize risks, it is best to implement technical and organizational measures. Alternatively, mitigate them with individual measures.
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