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Abstract

:

This paper focuses on the testing and evaluation of special anti-chemical protective suits. The testing and evaluation focused on the subjective aspect of the protective suits, which is best perceived by their wearers; however, the subjective aspect only accounts for a certain proportion of the overall evaluation. For this reason, the proposed objective evaluation criteria are also presented in the thesis. Four types of anti-chemical protective suits were selected for testing. In this way, it was possible to compare their design specificities. An older type of civil protection suit and three modern types were selected for evaluation. Multi-criteria decision making and the expert method were used to develop the criteria. Mathematical relationships were used to evaluate the test results. A methodological procedure was developed to integrate the established subjective criteria in order to test. The results of the testing confirmed the construction and design advances of the protective suits over the older type of civil protection suit. At the same time, they pointed out possible shortcomings in the work and execution of the movements of the individual selected protective suits. By evaluating the data obtained, the most suitable protective suit was selected that best met the subjective criteria. However, these results need to be supplemented by an assessment of the objective criteria in the final evaluation. This paper also presents the characteristics of the selected protective suits in terms of technical parameters and objective criteria. The results of the study can further serve as a complementary way of evaluating the quality of protective suits. It is the subjective evaluation that is essential in a comprehensive assessment of the quality of protective suits, as the user himself often perceives the quality of the product differently from the manufacturer.
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1. Introduction


The production, storage, use and transport of hazardous substances entail various risks, such as accidents, mainly, with hazardous substance leakage and serious industrial accidents [1]. In the event of a hazardous substance release crisis, it is essential to have an effective, specific crisis management system in place to ensure the protection of people, health, property and the environment [2]. One of the systems that have been created to protect the population is the civil protection system. Specific forces and resources are needed to identify the site of a hazardous substance spill and to clean it up. Such forces are integrated into one rescue system in the Slovak Republic. The integrated rescue system has components and means to cope with various types of emergencies. The components of the integrated rescue system are divided into basic and other [3].



Members of the Fire and Rescue Service are mainly deployed to deal with the consequences of accidents with hazardous substance leaks. In the conditions of specific enterprises, these are members of fire brigades. Measurements and sampling in the event of contamination of the territory are carried out by the civil protection chemical control laboratories. Some other components of the integrated rescue system also perform tasks in an environment contaminated with a hazardous substance. These are civil protection units and other legal and natural persons [3]. For the needs of the effective management of situations with hazardous substance leakage, an anti-gas service has been established on the basis of the instruction of the Presidium of the Fire and Rescue Corps [4]. The members of the anti-gas service mainly carry out identification of the site of a hazardous substance leak, containment, neutralization and decontamination of the area [5].



Situations with hazardous substance spills are high risk and, therefore, it is necessary to protect the members of the various emergency services. Special protective equipment is used for this purpose. This is mainly personal protective equipment, which falls into category III according to Regulation 2016/425 of the European Parliament and of the Council [6]. In terms of civil protection, in turn, we are talking about the means of individual protection, which fall under civil protection material [7]. The means of the individual protection of civil protection units and the means included in the armament of firefighting units are used for the protection of civil protection units and the anti-gas service of the Fire and Rescue Service. This includes, in particular, eye, face and respiratory protective equipment and body protective equipment. Body protection equipment includes, in particular, special protective clothing [7,8].



Nowadays, we know a large variety of protective clothing for the needs of different professions. Regulation (EU) 2016/425 of the European Parliament and of the Council of 9 March 2016 on personal protective equipment, and the repealing of Council Directive 89/686/EEC, divides protective equipment into three risk categories. Protective suits for the needs of emergency services fall into the third category, which contains risks that can cause death or permanent damage to health [6]. Special protective suits for emergency services can be divided according to different characteristics, such as functionality, requirements, environment of use, cut or durability. One of the basic divisions is by the type of protection that protective suits provide. These are protection types 1 to 6, whereby these suits protect variously against the gaseous, liquid and solid particles of hazardous substances. The different types also have subcategories [9,10,11,12]. The protective suits mentioned can also be called insulating protective suits [13]. According to the older technical standard STN 83-2741, insulating suits are further subdivided into radiant heat suits, anti-chemical suits and ABC suits [14]. This standard also specified the division of protective suits according to cut. These were protective suits of cut A, B and C. The difference between cut A and B suits was mainly in the field of application. In addition, the B-type protective suits have a hood for attaching the protective mask. The C-style protective suits are bulky protective suits with an overpressure hood and a breathing apparatus placed under the garment [14]. A similar type of protective suit is the type 1a suit according to technical standard EN 943-1 [9]. A protective suit can also be constructed of two or more parts if accessories such as protective gloves and footwear are taken into account and if the latter are not integrated into the main structure of the protective suit [15,16]. The division can also be based on the definition of the requirements of the individual rescue services. The Fire and Rescue Service divides protective suits into the following categories: protective clothing for protection against chemical agents and biological material, protective clothing against thermal radiation, protective clothing against radioactive fallout, and combined protective clothing [8]. The means of the individual protection of civil protection units distinguish two types of protective clothing: these are special waterproof protective clothing and special gas-tight protective clothing [7].



Thus, a protective suit is a one-piece coverall or two-piece suit that is made of a special, durable material and protects persons from the chemical, physical, toxicological and biological properties of various types of hazardous substances. Special protective equipment and, therefore, protective suits ensure the safety of persons in an environment contaminated by a hazardous substance.



By analyzing the concept of security, we come to its objective and subjective aspects. The real existence of a threat that is independent of the perception of surrounding subjects refers to the objective state of security. The subjective aspect of security is a feeling related to the awareness or non-awareness of a given threat [17]. Thus, subjectivity is an expression of objective reality [18]. Objective and subjective aspects are also important in evaluating the quality of systems, products and services. Regulation (EU) 2016/425 of the European Parliament and of the Council of 9 March 2016 on personal protective equipment, and the repealing of Council Directive 89/686/EEC in the third risk severity category, requires quality control according to ISO standards in addition to the testing of design parameters [19]. A quality management system is an essential component for the conformity assessment of personal protective equipment products [19,20].



Quality can be defined as a set of specific features and characteristics that describe a product or service. It is about ensuring the satisfaction of all entities such as producers or customers and users [21]. Quality is judged by different features, such as functionality, usability, reliability, conformity to requirements, durability, environmental friendliness, safety, design, or subjective quality [22]. The manufacturer and the user themselves may perceive the resulting product quality in different ways [23].



This is why attention must also be paid to the subjective characteristics and subjective perception of the product. In the case of protective clothing, great emphasis must be placed on compliance with technical requirements. Several studies have been devoted to testing the objective aspect of protective clothing [5,24]. Several studies have also addressed the properties describing the rather subjective side of quality and the subjective perception of users. For example, in a study aimed at investigating the effect of insulating protective clothing on the physiological characteristics of test subjects, a significant effect of protective clothing on the workload and performance of its wearers was demonstrated [25]. The study, entitled ‘Protective overalls: evaluation of garment design and fit’, focused on evaluating the effect of the cut of the protective suit. An inappropriate fit can pose a potential risk when performing work activities and, thus, can cause injury or death to the suit wearer. This study also looked at the subjective assessment of five subjects who evaluated the comfort and functionality of the crotch area portion of protective suits [26]. The effects of suits on human performance in terms of time, gross and fine motor skills were addressed by the authors in a study entitled ‘The effects of chemical protective suits on human performance’. Specifically, the effect of a chemical protective suit (type 1/gas-tight-pressure-tight) on the performance of specified activities was tested. The resulting time and accuracy of performing the activity with and without the protective suit were compared. A total of seven subjects participated in the testing, and the results confirmed that type A protective suits have a significant effect on the gross motor skills of the wearers [27,28].



Subjective quality enters into overall quality assessment as a significant factor. In a hazardous environment contaminated with a dangerous substance, it is essential to provide rescuers with maximum protection. When carrying out high-risk activities, protective equipment should provide sufficient comfort [29,30]. Shen et al., in their study, point to the use of the subjective opinions of interveners, but their study focuses primarily on overall feeling after intervention [31]. In another study, the focus is on the physical effects of wearing, which are expressed by the subjective opinions of the test respondents [32]. Son et al. emphasize, in their research, the importance of focusing on protective suits in terms of subjective opinions, and they also suggest possible means for such testing [33].



There are several approaches to assess protective suits based on subjective opinions or based on objective indicators; however, the available literature often lacks a combination of these approaches, or it is more difficult to quantify the exact value and ranking of comparative suits. The aim of this paper is to present a new way of testing protective anti-chemical suits, which will reflect the subjective opinions of their wearers. The results of the subjective opinions will then be combined with objective indicators. It is this combination that is needed if companies or public administrations would like to purchase or replace protective suits.




2. Materials and Methods


For the purpose of testing the chemical protective suits, the division according to technical standards was used. Four types of protective suits were selected In this way, a possible comparison of the different designs and cuts of protective suits was achieved. It was to the style, design and construction of the protective suits, and their shortcomings in this aspect, that the subjective evaluation and testing were directed. That is why different types of protective anti-chemical suits were chosen to ensure the testing of different constructions. The selected suits were the MSA Champion Elite S (type 1a) (E. Richard THIEME GmbH, Großröhrsorf, Germany), Dräger CPS 7800 (type 1b) (Dräger Safety AG & Co. KGaA, Lübeck, Germany), Gumotex Sunit (type 3,4) (GUMOTEX coating s. r. o., Břeclav, Czech Republic) and an older type of civil protection suit, special civil protection protective clothing (SCPPC) (type 2) (Makyta, a. s., Púchov, Slovak Republic) [15,28,29,30]. By selecting the SCPPC, we also achieved the possibility of assessing older protective suits and more modern alternatives and their possible replacement.



At the beginning of this research, several pilot tests were conducted to identify suit deficiencies and the parts that cause problems for respondents. The results of the pilot testing were also considered in the development of the evaluation criteria. Observations made during the pilot testing and their outputs were used in the development of the testing methodology.



The final testing and validation of the methodological procedure and evaluation were carried out by all eight members of the anti-gas service of the fire brigade at the chemical production plant. The company was selected based on its industrial focus and the availability of different types of protective suits. The subjects testing the protective suits participated in the testing on a voluntary basis. The test subjects ranged in age from 29 to 60 years. The average age of the anti-gas service members was 44 years. Each respondent had his or her dress size of a given protective suit available. The average weight of the respondents was 91 kg and the average height was 179.5 cm.



2.1. Characteristics of Selected Protective Suits


This part of the paper describes the basic characteristics of selected protective chemical suits, such as structure, material, construction and protective properties. Figure 1 below shows selected protective clothing. The pictures are for illustrative purposes only.



For the clarity of the characteristics, tables will be described and added. In the following Table 1, Table 2, Table 3 and Table 4, the characteristics of the protective chemical suits are given in the following order: SCPPC, Gumotex Sunit, Dräger CPS 7800, MSA Champion Elite S.



Table 1 contains characteristics about the SCPPC protective chemical suit, such as classification, material, suit cut, design features and protective properties. As this is a relatively old protective suit, it is not appropriate to determine the levels of its protective properties according to current technical standards. Table 2 below shows the characteristics of the Gumotex Sunit protective suit.



The Gumotex Sunit protective clothing has a relatively simpler construction compared to the SCPPC, as evidenced by its fewer structural components; however, in terms of protective properties, it does not protect the wearer against radioactive substances, gaseous agents and warfare agents. Table 3 below describes the characteristics of the Dräger CPS 7800 protective clothing.



The Dräger CPS 7800 protective garment resembles the SCPPC garment in design; however, it is a more modern version of the design. The Dräger CPS 7800 can be used with a breathing apparatus and, thanks to the face mask, also with a full face mask. It provides protection against radioactive particles, biohazardous substances, warfare agents and a wide range of chemical liquids and gases. Table 4 below describes the characteristics of the MSA Champion Elite S protective clothing.



The MSA Champion Elite S protective anti-chemical suit is a type 1a garment. Due to the cut and construction of the protective garment, it ensures complete isolation of the person with respect to the surroundings; however, it does not provide protection to the same extent as, for example, the Dräger CPS 7800 protective suit, which is also type 1. The MSA Champion Elite S is the only overpressure garment among the selected garments.




2.2. Subjective Assessment Criteria


The criteria for assessing the subjective aspects of protective suits are based on legal documents, which lay down the requirements for personal protective equipment, and also on the technical standard EN 13921 [40], “Personal protective equipment; Ergonomic principles” [40,41,42]. The results of the pilot testing and the recommendations of the experts in chemical protective suits who use them in practice were also taken into account. The selection of the experts was based on their long experience with protective suits. They gained many years of experience directly as members of the anti-gas service. Some of them are currently serving as commanders and are responsible for the selection and procurement of protective equipment for their units. Some of them are in civil protection units and are also professionally involved in protective equipment. The principles of the Delphi method [43] have also been used to make expert suggestions and reach consensus.



The ranking method was used to determine the weights of the outcome criteria. The ranking of each criterion was compiled by members of anti-gas units and members of civil protection units who themselves use protective suits in real intervention or in simulated exercises.



The criteria were ranked in order of importance, with number 1 being the most important and number 6 being the least important criterion. The resulting weight of the i-th criterion by the j-th expert was calculated according to the following relationship:
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The resulting weight of each criterion was calculated according to the relationship:
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vij = weight of the i-th criterion according to the j-th expert



	
aij = number assigned by the j-th expert to the i-th criterion



	
p = number of criteria



	
vi = resulting weight of the criterion



	
q = number of experts








A questionnaire was created for testing and data recording purposes. The questionnaire can be found in Appendix A. The test subjects rated the criteria on a point scale, which was assigned a score when calculating the final values. This numerical rating is shown in Table 5 below.



The subjective criteria for evaluating protective suits and their weights are shown in Table 6 below.



Wearers of special protective suits mentioned comfort during a real intervention or simulated exercise as the most important criterion. In a stressful and high-risk situation, it is important that the protective equipment does not restrict them in their work. They identified their subjective feeling of safety with respect to a particular protective suit as the second most important criterion; however, this criterion requires knowledge of the protective properties and uses of protective suits.




2.3. Methodological Testing Procedure


The development of the methodological procedure was preceded by pilot testing, which helped to identify problems with the testing of protective suits. At the same time, individual subjective evaluation criteria were implemented in the methodological procedure. The questionnaire for recording and evaluating the criteria also serves as a guide for the individual steps of testing. The questionnaire also lists the counts and measurements when performing each movement. For squatting, 10 repetitions were performed; for stair walking, it was one floor up and one floor down. For kneeling on one knee, five repetitions were performed on each leg, and walking lunges were performed for approximately 5 m. However, these rates are adaptable and depend on the specific conditions. It is important that each person testing the protective suit performs the same movement in the same range and number.



The following materials are required for successful testing: protective clothing, protective clothing accessories, instructions for using and donning the protective clothing, a methodical testing procedure, a timer, writing utensils, and a questionnaire. The testing procedure is shown in Figure 2 below.




2.4. Method of Assessment


The evaluation of the protective suits from a subjective point of view, according to their users, is based on recorded values on the scoring scale in the questionnaire. The individual suits are then scored according to Table 5. The suit with the highest score for each criterion shall be awarded first place and this shall be entered in the table. For the criterion of time taken to dress, the suit with the lowest time will be awarded first place. The resulting ranking is then transformed according to the following relationship:


  H =   n + 1   −   p   i j    



(3)








	
H = resulting value



	
n = number of variants



	
pij = ranking of the i-th variant according to the j-th criterion








The final score (weighted sum) of each protective clothing is obtained using the following relation:


    S   v   =  ∑  (   h   i   ∗   v   i   )    



(4)








	
Sv = final variant score



	
hi = value of the variant according to the i-th criterion



	
vi = weight of the i-th criterion








The final result for one garment is obtained by dividing its final score by the sum of the final scores of all garments. In this way, we convert the final result into percentages, which is more convenient for interpretation. The protective garment with the highest score (percentage) is the most compliant, according to the subjective evaluation of the respondents.





3. Results and Discussion


The results presented in this section of the paper are from the final testing, which was conducted in collaboration with the racing fire department. Since this was the testing of protective chemical suits based on the subjective opinions of the respondents, it was not necessary to obtain Institutional Review Board (IRB) approval. It was a routine opinion survey. All members participated voluntarily during the training exercises.



The results of testing the selected protective suits according to subjective criteria are shown in the following Table 7 and Figure 2, Figure 3, Figure 4 and Figure 5. From the final testing, in the conditions of the racing fire service, the criterion of comfort during a real intervention or simulated exercise had to be eliminated as the anti-gas service had no experience with Gumotex Sunit protective suits and SCPPC in a real intervention, and it was not possible to carry out a simulated exercise in the required time. The SCPPC suits were loaned to the unit. The Gumotex Sunit suits were newly procured at the time of testing.



Based on the results from Table 7, we can see that the Gumotex Sunit protective clothing achieved the fastest average donning time. Several factors could have influenced this result. The Gumotex Sunit protective suit is a two-piece suit compared to other suits, and only gloves and a protective mask with a filter need to be put on when intervening [15]; however, it was the gloves that caused problems when putting them on. Respondents had difficulty fitting them correctly on the integrated cuff. This protective clothing is suitable for putting on without assistance. The second fastest time was achieved by the protective suit MSA Champion Elite S. This suit has a universal size, and there is no need to put on additional accessories after putting it on. The garment fastens with a zipper on the outside and, therefore, an assistant is required; however, it is necessary for the person to put on a breathing apparatus before putting on the protective garment. The worst performer among the protective clothing tested was the SCPPC. The average time to put on this protective clothing was almost 3 min. Three out of eight respondents had a time above 3 min. Observation showed that it takes a lot of time to properly fasten all the cuffs and roll up the entry hole. The interesting indicator in this case is the standard deviation. For each suit it was calculated as:


  σ =    1   N     ∑  i = 1   N          x   i   − μ     2     ,    i = 1 ,   … ,   N  



(5)




where N is the number of measurements of the corresponding suit and the index i then distinguishes the individual measurements corresponding to a particular suit. The time recorded is rounded to whole seconds. It can be assumed that suits with a lower standard deviation will have a more predictable overall donning time, which is a desirable state in the case of emergency responders. Figure 3 below shows the results of the dressing difficulty criterion for each protective suit.



According to Figure 3, the MSA Champion Elite S and Gumotex Sunit achieved the best results. The Gumotex Sunit had the highest number of positive responses. Half of the respondents said that putting on SPCPP was quite difficult. In the criterion of difficulty of donning, the Dräger CPS 7800 protective clothing was the worst after adding up the scores.



From the results in Figure 4, it is clear that almost all respondents were “not satisfied” or “rather not satisfied” with the SPCPP. The Dräger CPS 7800 protective clothing achieved a variety of responses. The majority of respondents indicated a neutral attitude. Respondents considered the MSA Champion Elite S to be the most comfortable protective clothing. When converted to points, it scored 5.5 points. The second highest rated garment was the Gumotex Sunit garment with 5 points. The SPCPP garment scored only 2 points. Figure 5 below shows the results from testing individual movements.



Based on the results shown in Figure 5, the Gumotex Sunit suit scored highest overall for comfort in movement. The highest scores were achieved for the movements walking up stairs and walking in a crouch. The Dräger CPS 7800 protective garment scored only 0.25 points lower than the Gumotex Sunit. The highest scores were achieved in the movements squatting and kneeling on one knee. The lowest score was achieved by the SPCPP, which had the lowest scores for all movements. Figure 6 below shows the results for the subjective safety criterion with respect to a particular protective chemical suit.



During the testing, respondents expressed their feeling or opinion about the safety of the protective clothing. The results from this criterion can be used to ask whether the respondent would choose the protective clothing if given the opportunity. It can be seen from the results that the MSA Champion Elite S is perceived as the safest protective clothing by the respondents. Seven out of eight respondents gave the answer “excellent” and “above average”. In second place, when converted into points, was the Dräger CPS 7800 protective clothing. Both of these protective garments meet the requirements of technical standards EN 943-1 and EN 943-2. They are type 1 protective clothing, which provides the highest protection and also protects against gaseous hazardous substances [9]. Respondents had the least confidence in the SPCPP.



The resulting scores for the evaluation of the protective suits according to the subjective criteria are shown in Table 8 below.



The best rating from respondents was achieved by the Sunit garment from Gumotex. This garment is of two-piece construction among the remaining garments tested, which may have influenced the final result. This garment scored highest on the criteria of time taken to put on and movements performed. It also scored high in the difficulty of dressing.



Today, we can observe an increasing trend of crisis phenomena that have an increasing impact on society. These are mainly extraordinary events of a natural nature, which can be defined as natural disasters [44]. It is natural disasters that could be the trigger for other crisis phenomena such as accidents with leakage of hazardous substances. Thus, we are talking about a domino effect, which should also be taken into account in risk assessment [45]. Between 2013 and 2022, there were a total of 221 cases of hazardous substance spills and 279 cases of unknown substance discovery in the Slovak Republic [46]. Special forces and resources need to be deployed in the event of a hazardous substance spill. Characteristic activities in response to a hazardous substance spill are, for example, the following: closure of the accident site, identification of hazard zones, exclusion of initiating sources, identification of hazardous substances, prevention of its further spread, and deployment of forces in the zone of the direct threat, etc. [47,48].



In such cases it is necessary that the intervening units are sufficiently protected from the properties of hazardous substances. One of the means of protection of the units is personal protective equipment, which includes chemical protective suits. Various studies exist to investigate their protective properties and to ensure their quality [5]. Some authors focus on their evaluation based on technical standards and available information [49]. Others investigate and test their objective properties using various experiments and measurement methods [5,50]. It is also important to take into account subjective evaluation when assessing the overall quality of special protective suits. In our research, we used the 100-point allocation method to determine the importance of objective and subjective evaluation criteria. Practitioners with experience of assessing the conformity of protective suits, academics whose work focuses on personal protective equipment and protective equipment, and firefighters who use protective suits in practice took part in the survey. The result was a 70:30 ratio, with 70% of the importance attributed specifically to the objective characteristics of the suits and technical requirements and 30% to the subjective characteristics. Objective evaluation criteria were also established during the research to select the appropriate protective chemical suit. These criteria are based on current technical standards and were developed in consultation with experts who determined the weighting of the objective and subjective criteria. These criteria are presented in Table 9 below.



The criteria in Table 9 may be supplemented, if necessary, by mechanical resistances such as abrasion resistance, crack resistance and tear resistance. However, these criteria have been developed preferably for civil protection purposes as they are also based on the protective properties of the SCPPC protective suit. It is possible to add or remove some of the criteria if necessary. The objective criteria for the selection of protective clothing depend on their use in a specific environment and specific hazardous substances; therefore, they could enter the decision-making model for selecting appropriate protective clothing as an initial elimination criterion. This is also appropriate based on their weighting of 70% by experts and users. Subjective criteria then enter into the selection as additional criteria for deciding on the choice of protective suits. It is the testing of subjective characteristics that can reveal the shortcomings of protective suits and their outdated design features such as thorny cuffs and poor fitting sizes, etc. The SCPPC and its design features caused the most problems for respondents throughout testing. Deficiencies were also revealed for the other suits. For example, with the Gumotex Sunit suit, respondents often had problems fitting the gloves, and there were also problems with the correct fit of the straps on the trousers.



The Importance of subjective assessment is also demonstrated by similar studies aimed at assessing the impact of protective suits on the performance of activities and overall performance of protective clothing. Here, the authors also focused on the subjective opinions of the test subjects [25,26,27].



Our research focused on the evaluation of protective suits from a subjective point of view. The results of the study are the evaluation criteria, the methodological procedure and the way of evaluating the results, which can enter into the overall evaluation of protective suits. The results are particularly useful for firefighting units. The results can be used in the decision-making process for the procurement of new protective suits. Manufacturing companies can also use the results as a basis for evaluating and improving their products [51,52,53].



The evaluation itself and, in particular, the results of our testing of the four types of protective suits selected was influenced by the selection itself. For the future, it is necessary to evaluate suits of the same type and from different manufacturers. This evaluation and comparison can increase competition between manufacturers, which will ultimately increase the quality of the products. The results are also affected by the non-inclusion of the comfort criterion during the real intervention or simulated exercise. The anti-gas service and its members who tested the protective suits did not have experience with the Gumotex Sunit and SCPPC suits in a real intervention and in a simulated exercise at the time of testing. They had newly purchased protective clothing also thanks to consultations with our research. Individual members had carried out testing during their training and, therefore, had experience with protective clothing of this type. However, they had no simulated exercises scheduled at this time and, therefore, we did not include this criterion in the final evaluation. In future testing, this criterion should be included.



In the future, it may be possible to complement the assessment by subjective characteristics with measurements using intelligent sensors. Such measurements, together with the subjective assessment of the respondents, may provide interesting results regarding the impact of protective clothing when performing different activities on the physiological functions of the respondent. An example of smart sensors is the CAPTIV system [54].



The results of the evaluation can be applied to a variety of other protective clothing testing. They will allow a decision to be made as to whether a change or the purchase of more is needed. The comfort of the intervening units will be improved, which may be associated with a more effective response to emerging crisis phenomena.




4. Conclusions


The increasing frequency of various crisis phenomena, as well as their magnitude and impact on human society, require increased attention in prevention, preparation and planning. At the time of an emergency, forces must be materially secured for an effective response. This is why it is necessary for rescue forces to have the highest quality working and protective equipment; hence, their need to be tested and evaluated in every aspect of quality. The results of the testing of selected chemical protective suits based on established subjective criteria have demonstrated improvements in the construction and design of protective clothing. The older type of special civil protection protective clothing scored the lowest in almost every criterion. The testing helped to reveal possible deficiencies in the individual designs of the selected protective suits. When comparing the selected suits, the Gumotex Sunit protective suit received the best rating. This suit has a two-piece construction. In an overall assessment, taking into account objective criteria such as the type of protection and the environment in which this type of suit may be used, it would probably have fared worse; however, the subjective assessment helped to identify shortcomings that can be corrected in the future. For the purposes of the overall evaluation, the objective evaluation criteria set out in this paper were also presented. Based on the characteristics of the individual suits presented in the paper, it is also possible to compare the selected protective suits in this respect. The evaluation criteria, the methodological procedure and the way in which the evaluation was carried out can be used by manufacturing companies, rescue services and organizations involved in the production of technical documentation. The potential of the results of this study also lies in its continuation.
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Figure A1. Questionnaire for testing protective clothing according to subjective criteria. 
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Figure 1. Selected protective suits [28,34]. From top left: SCPPC, Gumotex Sunit. From bottom left: Dräger CPS 7800, MSA Champion Elite S. 
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Figure 2. Methodological testing procedure. 
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Figure 3. Graphical representation of dressing difficulty results. 
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Figure 4. Graphical representation of the results of the initial comfort assessment. 
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Figure 5. Graphical representation of comfort results during movements. 
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Figure 6. Graphical representation of respondents’ answers to the subjective feeling of safety with regard to protective clothing. 
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Table 1. Characteristics of SCPPC protective clothing [14,30].






Table 1. Characteristics of SCPPC protective clothing [14,30].









	Element
	Description





	Classification:
	EN 943-2—Type 2 = Special chemical clothing against chemical, biological and toxic substances. NON-PLYNOTIC [35].



	Material:
	The SCPPC garment is made as an insulating and hermetic unit. Insulation is provided by the basic durable material from which the garment is made by hermetic insulation of joints or seams. This material is a special potting solution of rubber compound.



	Cut of clothing:
	Form B = one-piece protective clothing with a hood that is adapted to fit a protective mask. This type of garment, together with footwear and protective gloves, covers the whole body except for the face, which is protected by the protective mask.



	Construction:
	
	-

	
Entrance hole with sewn-on tunnel extension.




	-

	
Clips with spike on the inside of the tunnel.




	-

	
Fastening cords on the outside of the entrance tunnel.




	-

	
Clamping sub-linings with thorn fastening.




	-

	
Molded rubber sealing cuff in the front of the hood to seal the protective mask.




	-

	
Adjustable front grip for handling the cuff.




	-

	
Cuffs on the sleeves.




	-

	
Clasp with thorn fastening.




	-

	
Below-knee clamping clips.




	-

	
Special rubber galoshes.




	-

	
Buckle for fastening galoshes to shoes.




	-

	
Belt.









	Protective properties:
	Insulating protective clothing against ABC substances:

	-

	
Radioactive substances,




	-

	
Biological warfare agents,




	-

	
Chemical substances.
















 





Table 2. Characteristics of Gumotex Sunit protective clothing [14,15].






Table 2. Characteristics of Gumotex Sunit protective clothing [14,15].





	
Element

	
Description






	
Classification:

	
EN 14605 + A1 [10]:

Type 3 = Protective clothing against liquid chemicals. LIQUID-PROOF.

Type 4 = Protective clothing against liquid chemicals. SPRAY-PROOF.




	
Material:

	
The material type is SL-043. It is a Ségl Optimit textile material with 100% cotton content.




	
Cut of clothing:

	
Two-part.




	
Construction:

	

	-

	
Blouse with hood.




	-

	
Cuff.




	-

	
Gloves (integrated or separately).




	-

	
Integrated cuff rings in sleeves.




	-

	
Trousers with straps.




	-

	
Rubber boots (integrated).










	
Protective properties:

	
Protective clothing against:

	
Technical standard:




	

	-

	
Electrostatic charge,







	
EN 1149-5 [36],




	

	-

	
H2SO4, HF, HNO3, HCl, NaOH, NH4OH.







	
EN 14605 + A1.











 





Table 3. Characteristics of Dräger CPS 7800 protective clothing [14,29].






Table 3. Characteristics of Dräger CPS 7800 protective clothing [14,29].





	
Element

	
Description






	
Classification:

	
EN 943-2—Typ 1b-ET = Special gas-tight anti-chemical protective clothing with a separate breathing apparatus located on the protective suit




	
Material:

	
D-mex-laminate with CSM coating.




	
Cut of clothing:

	
Form B = one-piece protective clothing with a hood that is adapted to fit a protective mask. This type of garment, together with footwear and protective gloves, covers the whole body except for the face, which is protected by the protective mask. The breathing apparatus is located on the garment.




	
Construction:

	

	-

	
Face cuff.




	-

	
Combination of protective gloves.




	-

	
Protective sock or protective footwear (integrated).




	-

	
Entrance hole.




	-

	
Closing system—zipper.




	-

	
Bag in anti-chemical protective clothing.










	
Protective properties:

	
Protective clothing against:

	




	

	-

	
Combat substances,







	
-




	

	-

	
Resistance to vectors of infection,







	
EN 14126 [37],




	

	-

	
Radioactive particles,







	
EN 1073-1 [38]/EN 1073-2 [39],




	

	-

	
Chemicals.







	
EN 943-2.











 





Table 4. Characteristics of MSA Champion Elite S protective clothing [14,28].
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Element

	
Description






	
Classification:

	
EN 943-2—Type 1a-ET = Special gas-tight anti-chemical protective clothing with separate breathing apparatus placed under the protective clothing.




	
Material:

	
Multi-layer composite material on a synthetic microfiber base layer from MSA Safety Company.




	
Cut of clothing:

	
Form C = Bulk cut with pressurized system. The breathing apparatus is placed under the garment. The pressurized atmosphere is generated from the exhaled gas.




	
Construction:

	

	-

	
Control glass.




	-

	
Inner gloves (integrated).




	-

	
Outer gloves (integrated).




	-

	
Cuff on glove (integrated).




	-

	
Valve.




	-

	
Protective shoes (integrated).




	-

	
Entrance hole.




	-

	
Zipper.










	
Protective properties:

	
Protective clothing against:

	
Technical standard:




	

	-

	
Chemical liquid and gaseous substances.







	
EN 943-1,

EN 943-2.











 





Table 5. Scoring of questionnaire responses.
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	Possible Answer
	Points Awarded [P]





	1
	0



	2
	0.25



	3
	0.50



	4
	0.75



	5
	1










 





Table 6. Subjective criteria for the evaluation of protective suits.






Table 6. Subjective criteria for the evaluation of protective suits.





	
No.

	
Criteria

	
Weight [vi]






	
1.

	
Time required to put on protective clothing (with accessories)

	
0.14




	
2.

	
Difficulty of putting on protective clothing

	
0.15




	
3.

	
Comfort after wearing protective clothing (room condition)

	
0.11




	
4.

	
Comfort while performing movements

	
Motion:

	
0.18




	
Squat




	
Walking stairs




	
Kneeling on one knee




	
Walking in a crouch




	
5.

	
Subjective feeling of safety in relation to specific protective clothing

	
0.19




	
6.

	
Comfort in protective clothing during intervention/exercise

	
0.23











 





Table 7. Time requirement for donning protective clothing.
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	Protective Clothing
	Average Dressing Time [min]
	Standard Deviation [s]





	SCPPC
	02:44
	33



	Gumotex Sunit
	01:45
	20



	MSA Champion Elite S
	02:08
	13



	Dräger CPS 7800
	02:21
	26










 





Table 8. Resulting evaluation scores of the selected suits.
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	Protective Clothing
	Final Score





	SCPPC
	0.119



	Gumotex Sunit
	0.327



	MSA Champion Elite S
	0.325



	Dräger CPS 7800
	0.229










 





Table 9. Objective criteria for the evaluation of chemical protective suits [36,37,38,39].






Table 9. Objective criteria for the evaluation of chemical protective suits [36,37,38,39].





	Criteria
	Technical Prescription





	Type of protection
	Type 1–6



	Resistance to warfare agents
	FINABEL 0.7 C



	Resistance to vectors of infection
	EN 14126



	Resistance to radioactive particles
	EN 1073-1, EN 1073-2



	Ability to dissipate electrostatic charge
	EN 1149-5



	Compatibility with other brand accessories
	-
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NOW PLEASE KNEEL ON ONE KNEE (5 TIMES FOR EFEACH KNEE)!

6. On a scale of 1 to S, how would you rate the difficulty of kneeling on one knee?
1= Difficult, 2= Rather difficult, 3= Neither difficult nor undemanding, 4= Rather undemanding 5= Undemanding
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NOW PLEASE PERFORM THE MOVEMENT IN A LUNGE (WALK APPROXIMATELY 5 m)!

7. On a scale of 1 to 5, how would you describe the feeling while performing this movement in a
protective suit?
1= Difficult, 2= Rather difficult, 3= Neither difficult nor undemanding, 4= Rather undemanding 5= Undemanding
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8. On a scale of 1 to 5, how would you rate your subjective feeling of safety in the suit?

1= Excellent 2= Above-average, 3= Medium, 4= Below average, 5= wrong

Questionnaire: Testing of Protective Clothing

Please fill in question 9 only if you have used the suit in a real intervention or in a simulated

exercise!

9. On a scale of 1 to 5, how would you rate your subjective feelings about the protective suit while

performing an intervention or simulated exercise?

1= Excellent 2= Above-average, 3= Medium, 4= Below average, 5= wrong

10. Please express your opinion and observations on this suit. Please also comment on the

following questions:
Which parts of the suit caused you problems when you were getting dressed?
Which, of the parts of the suit, were causing vou problems in carrying out the activities?
How would you improve this suit?

If you had a choice of several options, which protective suit would you choose? Why?

Thank you for completing this questionnaire!
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1=Uncomfortable. 2= Rather uncomfortable. 3= Neither uncomfortable nor comfortable. 4= Rather comfortable,
5=Comfortable

NOW PLEASE DO 10 SQUATS!

4. On a scale of 1 to 5, how would you describe the feeling while performing this movement?

1= Difficult, 2= Rather difficult, 3= Neither difficult nor undemanding, 4= Rather undemanding 5= Undemanding
1 | 2 [ 3 | 4 | 5 |

| | | | | |
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