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Abstract

:

This study aimed to develop a state-of-the-art method for assessing chemical risks in small and medium-sized enterprises (SMEs). The method combined desk research findings and the authors’ practical knowledge to identify major shortcomings in performing risk assessments at the workplace. Data were collected from nine SMEs across three sectors: agriculture, laboratory research, and conservation and restoration laboratories. On-site observations, focus group discussions, and textual content analysis of occupational safety and health documentation were used to gather information on chemical risks and workers’ perceptions. The developed method uses numerical factors to account for the level of conformity with regulations and the duration of exposure to support an estimation of the probability of an incident. The method was designed to enhance risk assessment practices and tackle common issues encountered by SMEs, including the lack of data for estimating probability. Feedback from SMEs involved in the study indicated that the method’s performance was satisfactory, with its well-organized information flow and supportive components being particularly valued. The study highlights the importance of effective risk assessment in creating a safer and healthier work environment for workers.
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1. Introduction


Despite their many useful applications, environmental risks and occupational diseases can arise from mishandling chemical substances [1,2]. Many chemicals commonly used in industry, agriculture, or even daily have been classified as hazardous or harmful to both human health and the environment [3]. Studies have shown a relationship between the presence of harmful chemicals in the work environment and the risk of developing a large variety of acute and chronic illnesses, ranging from dermatitis to nasal septum perforation [4], lethal intoxication, and cancer. As a part of their overall responsibilities set by the EU Directive [5,6,7], employers must ensure the safety and well-being of their employees by evaluating and managing the risks of occupational injuries and illnesses for all hazards in their enterprise [8]. This involves applying methods to identify hazards and assess risks, and implementing measures to prevent or minimize their effects. Employers can now use risk appraisal methods and tools that have been developed recently [9,10]. The great diversity of the work systems cannot be easily reflected in a single methodology, which might explain the continuous research and the growth of the related literature. This growth is also influenced by other factors, such as the need to align with technical and scientific progress. In addition to what differentiates one method from another at the level of detail, some differences have a rather general character [11,12]. For example, reaching a balance between specific and general methods remains a challenge. An alternative could be to use methods that are able to harmonize/unify risk-specific approaches for an overall image of all risks. Such an alternative is proposed by this study. Another important factor in risk assessment is the user’s experience. Some methods are very simple, and user-friendly even for SMEs, but they might lead to oversimplifying. Other methods are highly sophisticated and can only be used by experienced specialists [13]. There are also methods that lie between these extremes in terms of complexity and user-friendliness, such as the method that is the subject of this study.



The definition of risk also has some variations. Some sources [14] have focused on the probability of a harmful effect. The expression generally used is “the chance” that harm will occur. Many assessment methods use the definition of risk as the combination of the severity of the consequence of an effect and the probability of the event leading to that effect [15]. The method developed in this study uses this definition. Starting from a method that was developed by the institute in which some of the authors are active [15], the current upgrades maintain its strong points while providing support for improving the way probability is estimated. Chemical risks are the focus of these developments. However, the results can easily be extended to other types of risks. Chemical risks were chosen to test the additions to the initial method [16], specifically because of the difficulties encountered when addressing these risks. Although the method is not expressly designed for a certain enterprise type, a group of SMEs were used to collect information and opinions. The same SMEs were used to apply it. Using SMEs was justified because of their high proportion in EU economies [17,18] and because they are known to have problems with OSH in general [19].



Many SMEs do not see the value of investing in OSH, as they believe it to be unprofitable, not only because of a lack of responsibility from management and inadequate incentives but also because they do not fully comprehend the risks of chemicals. Numerous studies from different countries have reported that SMEs face unique challenges in terms of OSH compared to larger corporations. These include a greater susceptibility to occupational hazards and a lower level of control over these risks [20,21]. Furthermore, studies have shown that SMEs are more likely to encounter chemical hazards than are larger businesses [22,23]. The encouragement of employers to appropriately manage occupational hazards depends on streamlining the risk assessment process.



In this context, the study aimed to correlate the authors’ expertise and opinions for several SMEs to develop a risk assessment method that has general applicability and offers support where needed. The example presented below is for chemicals, but the applicability is general.




2. Materials and Methods


This study used desk research information and the authors’ practical experience to identify the major shortcomings in performing risk assessments at the workplace. Short empirical research was also conducted in several SMEs through on-site observations, textual content analysis of OSH documents, focus group discussions, and chemical risk identification. The information collected in these ways was used to propose a state-of-the-art version of an existing risk assessment method [16] that will address those shortcomings. The participating SMEs implemented the method and provided feedback.



The definition set out by the Commission Recommendation of 6 May 2003 was used to identify small and medium enterprises for the case studies [24]. The sectors were chosen to reflect the diversity of processes as well as the level of knowledge and type of attitude of the enterprises regarding chemicals, which are closely related to conducting risk assessments in SMEs with limited resources. On-site observations and group discussions were conducted, gathering data from nine SMEs across three sectors: agriculture, research activities in laboratories, and conservation and restoration laboratories. Table 1 presents an overview of the Romanian SMEs that were investigated.



The SMEs were selected based on the particular chemical exposure risks linked to each type of business. Each SME brings forth unique scenarios related to chemical use and exposure, enabling a thorough evaluation of how businesses handle chemical risks. This varied selection guarantees that the study covers a wide range of chemical risks and evaluates the effectiveness of risk mitigation approaches in different workplace settings.



This study had no material or financial implications for any of the parties. Both researchers and SMEs observed confidentiality and anonymity at the institutional and individual levels. Before the on-site visits, the researchers were allowed by the managers to conduct a textual content analysis of the main OSH documentation at the SMEs' headquarters. The dates of the on-site visits were established by mutual agreement. The research teams consisted of 2–3 members and were accompanied by SME representatives. The aim of on-site observations was to examine the workplaces and activities conducted in real time, as well as to gather information on the chemical risks to which workers are exposed. Additionally, observational studies were conducted to directly observe interactions between managers and workers, focusing on how managerial actions and behaviors impact workplace dynamics. The studies looked at managers’ leadership styles, such as authoritarian and participatory, and their influence on employee behavior. They also examined how managers communicate organizational goals, expectations, and feedback, as well as the support, resources, and training opportunities offered. On-site observations were conducted before the focus group discussions. Direct observations were made by the researchers during the visits and the short discussions took place immediately afterwards.



The use of focus group discussions for data collection allowed for the exploration of different perspectives and the deepening of the understanding of risks and their perception through worker interaction [25]. Nine focus groups were formed, with one assigned to each SME that was studied. A simple random sample was chosen from among the employees of each SME. The selection of groups achieved a mix of work sectors. The focus group sessions were dedicated to exploring workers’ encounters with chemical risks while working and the influence of the work environment on their job conditions. Discussions with workers were specifically directed toward the diverse aspects of occupational safety initiatives, and viewpoints, examining their awareness and requisites in the domain of occupational health, along with the significance and practical application of safety standards in the SMEs under review. Anonymity was maintained during the discussions based on its ability to allow respondents to freely and accurately express their opinions without any external influence. Discussion-based questions were used to evaluate the understanding of occupational health and safety, specifically focusing on facts and information sources in the OSH field, with the goal of developing a chemical risk assessment tool. The company meeting rooms hosted the focus groups for an average of 60 min per session. The characteristics of the participants in the focus groups are presented in Table 2.



The purpose of using the focus group approach was twofold: to gather data through group discussions, allowing participants to freely share their opinions and experiences, and to evaluate the effects of training methods, briefings, and accident analysis on the safety climate. This approach provides qualitative insights into how these practices influence the safety climate. Rather than simply sharing their thoughts with the research team, participants engaged in discussions with each other. This collaborative setting led to a wider range of feedback. Additionally, relevant OSH documents, such as risk assessments, safety procedures, safety records, incident reports, and accident investigations, were assessed to support the information obtained from the discussions.



The use of research tools such as on-site observations, focus groups, and textual content analysis of the main OSH documentation allowed us to obtain a comprehensive understanding of the hazards posed by chemical substance handling in SMEs and to quantify these risks. To evaluate chemical exposure in different industry sectors and establish a specific risk assessment method, chemical occupational risk analyses were conducted. The results of this analysis were used to develop a cutting-edge method for evaluating chemical risks. The goal of this approach was to delve into and comprehend workers’ perspectives in the workplace.



The research methods presented previously helped identify important information for developing a chemical risk assessment method suitable for SMEs. This method is a tool that connects health issues with different risk levels. By using this method, SMEs can efficiently handle and reduce chemical risks in the workplace, leading to a safer and healthier environment for workers.




3. Results


Significant variations were identified among the SMEs in relation to their procedures and documentation for OSH. Even for things such as registrations for OSH training, which all nine SMEs had, there were differences in keeping those registrations up to date (which are individual and have a standardized format). The documents show that carcinogenic chemicals and those with reproductive toxicity were used in some of the SMEs (research, labs, and restoration labs), as well as chemicals with hazards that have acute effects, such as irritation.



The discussions with managers and OSH representatives confirmed that establishing the probability of risks during the risk assessment is indeed difficult. They all agreed that the lack of data was the cause. Discussions led to less extensive agreement regarding the preference for a unique, integrated assessment method or for several specialized methods. Managers tended to prefer a unified method (eight of nine, with one having no opinion). The OSH representatives initially appreciated both approaches equally well but admitted that there might be problems when integrating the results of different methods.



The data collected through on-site observation allowed the research team to directly observe activities in a real work environment. This approach has been successful in grasping the workers’ experiences by offering an insider’s view. It acknowledges that workers might not remember all the details of their actions accurately or may behave differently from what they express in conversations. On-site observation revealed that five SMEs have adopted “banding control” as a new approach to managing chemical exposure risks, focusing on a single control measure for specific types of exposure, such as ventilation, maintaining good hygiene, or using personal protective equipment [26]. Moreover, observational studies have been conducted to directly observe how managers interact with workers, focusing on the impact of managerial actions on workplace dynamics. Participatory leadership was noted in 80% of cases, and 75% of managers effectively communicated organizational goals, expectations, and feedback, helping workers align their actions with organizational objectives and feel valued. In terms of support, resources, and training, 65% of managers provided regular and comprehensive training programs. A visual representation of the data analysis can be seen in Figure 1 and Figure 2.



Figure 1 displays the distribution of percentages associated with different leadership styles and management practices. Most metrics are centered around specific percentages (30% and 80%), indicating that certain leadership styles and management practices are more common than others. The percentage distribution shows that although most managers adopt positive leadership and communication practices, there is still a significant percentage who do not provide adequate support and resources or communicate effectively. These deficiencies can have negative implications for workplace safety, highlighting the need to improve these aspects to ensure a safe and efficient working environment.



The bar graph illustrates the impacts of different leadership styles on safety culture within an organization. Participative leadership, the most prevalent at 80%, is associated with high worker engagement and a robust safety culture. Managers employing this style encourage open communication, involve workers in decision-making, and foster a sense of accountability for safety, which promotes proactive behaviors and a collaborative safety approach. On the other hand, authoritarian leadership, observed in 20% of instances, can cultivate a culture focused on compliance, where workers adhere to safety regulations out of obligation rather than conviction. This often leads to decreased morale and limited participation in safety protocols, as workers may feel excluded from safety-related decisions, leading to the enterprise potentially overlooking critical issues and heightening the likelihood of incidents. Effective communication played a significant role, contributing 75%; it creates a positive safety culture by aligning workers with safety goals. Well-informed workers are more likely to adhere to safety procedures and report hazards. Conversely, inadequate communication, which accounted for 25%, can lead to confusion and heightened accident risks. Adequate support and resources, which made up 70%, are crucial for ensuring a safe working environment and optimizing task performance. Providing access to PPE and delivering proper training help decrease incidents and improve safety compliance. On the contrary, insufficient resources may result in unsafe conditions and human errors. Comprehensive training programs, which represented 65%, boost employee safety awareness, thereby reducing risks. Well-trained workers are better equipped to identify and prevent workplace hazards effectively.



The analysis of the data from both charts indicates that leadership styles and management practices differ notably in both occurrence and influence. The majority of managers tend to favor participative leadership styles and employ effective communication methods, indicating a prevailing inclination toward engaging workers and fostering open communication. Nonetheless, there are also instances of authoritarian leadership styles and inadequate communication practices, although these are less prevalent.



We were permitted to analyze the textual content of the main OSH documentation provided by the SMEs; this analysis showed differences between sectors in terms of both quantity and quality. By conducting a textual content analysis of specific documents, this study aimed to understand how organizational vision and strategy demonstrate a commitment to safety and safety culture. The review of the OSH documentation showed that, overall, the documents meet OSH regulations, but some areas need improvement. Safety procedures for handling hazardous chemicals lack clarity and completeness, while safety data sheets lack necessary information. Worker protection measures are sometimes inadequate, and training materials are incomplete or missing for certain workers. The analysis highlighted the significance of improving the communication of safety measures, as well as making documents more clear and accessible. The examination reveals that the approach to occupational safety and health in the SMEs studied is shaped by managers’ attitudes toward accountability and their understanding of the importance of safety and health in the workplace, which is linked to their level of experience.



Focus group discussions involved direct interactions with nine participating groups. In every focus group, there were between three and four workers. The answers were scrutinized to uncover the workers’ perceptions and attitudes toward chemical risks and to investigate the essential conditions for developing a method for assessing chemical risks. The outcomes highlighted the significant influence of various factors on how workers perceive and respond to chemical risks.



In this study, participants from all groups assessed a hazard by integrating empirical data from their own or their colleagues’ experiences with sensory feedback (such as skin irritation and product odor). Furthermore, they generally find it challenging to differentiate between hazards and risks. For instance, the presence of hazardous materials in the workplace seemed to be enough to cause worry even if they were not directly exposed (groups A2, R3, C1). Some workers mentioned that they were not receiving sufficient toxicological information (groups A1, A2, A3, C1, and C2). They were particularly concerned about the long-term health effects of chemical agents (groups R1, R2, C2, and C3). Nevertheless, they were more inclined to ask their colleagues for information (informal source) rather than seeking advice from an OSH advisor. Workers often did not use formal information sources because the instructions they offer are usually complex and not user-friendly. Groups A1 and A2 raised the concern that without clear information on the substances used in the activity, workers might perceive a situation as either less or more hazardous than it actually is.



The common practice declared by agricultural workers of not following safety protocols for chemical risks, such as not wearing personal protective equipment (PPE), may be attributed to the difficulty of maintaining a constant awareness of potential hazards. The importance of personal safety in pesticide spraying was rated as low by a majority of workers (53%). The discomfort of wearing PPE was a significant reason given for why 55% of the participants choose not to wear it.



The perception of a safety-focused climate in the work environment was shared by 62% of the respondents. They believe that management is actively involved in ensuring safety, while 10% feel that management does not prioritize safety enough. According to two out of three respondents in groups A1–A3, the risk of injury was attributed to a combination of inexperienced staff, inadequate training in chemical safety, and excessive work demands. Sixty percent of respondents found safety communication to be effective, while ten percent believed it could be enhanced. In terms of responses to incidents and accidents, 45% felt that management reacts appropriately, but 15% disagreed. Additionally, 75% of respondents mentioned having access to essential safety resources, whereas 10% expressed that there is a lack of access to these resources. The majority of participants indicated that they work with at least one, and often several, carcinogenic and mutagenic compounds. Additionally, it is important to highlight that some workers (10%) stated that they eat at the workplace to oversee operations. The results, shown as percentages, reveal different opinions on the safety climate among participants. Most agree that management plays a role in safety but also point out areas needing enhancement like training, communication, and access to safety resources. A graph displaying linear regression (see Figure 3) illustrates how the various categories correlate with the safety climate percentages. Each blue dot on the graph represents the percentage of positive responses in a specific category.



The examination of the safety climate and management involvement data uncovers important insights into respondents’ perceptions across different categories. Through an analysis of the linear regression plot and its equation, it is evident that the starting point of the safety climate perception is highly positive, with an average of 61% of respondents viewing safety favorably in their workplace. This optimistic outlook serves as a solid basis, indicating that most workers prioritize safety and health at work. The regression line reveals a gentle positive trend with a slope of 0.40, indicating a slight increase in the percentage of positive responses as we transition between categories. This linear regression analysis suggests a consistent perception across different categories, reflecting a stable outlook. Despite an overall upward trajectory, the slope is relatively modest, underscoring the enduring positive perception of safety across diverse facets of the work environment. The subtle slope also highlights potential areas for enhancement. Notably, the positive response rate for incident response lags behind other categories, signaling a necessity for heightened attention and improvement in this specific area.



The linear regression analysis provides a simple and brief overview of how perceptions of safety climate and management involvement are perceived across various categories. The slight upward trend indicates a generally positive sentiment, as well as pinpointing areas for potential improvement. By focusing on enhancing incident response and addressing risk factors for injuries, management can boost the safety environment and ensure all workers feel supported and prepared to work safely.



Discussions and on-site observation showed that SMEs have general problems in identifying, characterizing, and managing OSH risks in general and chemical risks in particular. This led to the conclusion that it would be beneficial to provide them with a method that could integrate all types of risks, with the possibility of integrating more specific elements, such as those for chemicals.



Various chemicals, such as pesticides, solvents, acids, alkalis, metals, pigments, and preservatives, were utilized in the activities analyzed in this study. Table 3 displays specific risk factors associated with the handling of chemicals, structured according to four components of a work system.



Discussions and visits showed that the SMEs have general problems in identifying, characterizing, and managing OSH risks in general and chemical risks in particular. They led to the conclusion that it would be beneficial to provide them with a method that could integrate all types of risks, with the possibility to integrate more specific elements, like those for chemicals.



Similar to other types of exposures, chemical risks are influenced by several factors, including the toxicity of the chemicals, the extent of exposure, the duration and frequency of exposure, the combined effects of exposure to multiple chemicals, or exposure by high-risk groups, such as persons with disabilities and those taking medications [27]. Moreover, substances may have physical or environmental effects as well.



By considering the complex nature of the factors discussed, a state-of-the-art method for assessing chemical risks was developed with a focus on SMEs but with the versatility to address other types of workplace hazards. The core concept of the method involves identifying all chemical risk factors within the analyzed system (work station/job) using predetermined checklists and evaluating the level of risk based on the severity and probability of each risk factor.



Risk assessment for activities involving chemical substances that are hazardous to workers’ health involves a methodical approach consisting of the following main steps: identification of risk factors, estimating their consequences and probability, assessment of the risk level, and establishing preventive measures. Identifying risk factors consists of identifying the concrete way in which a chemical hazard can manifest in the considered work system. This phase is supported by four comprehensive checklists [16], specific to the four components of the work system. The work system components and chemical risk factor examples are detailed in Table 4.



The process of identifying risk factors in the system includes determining the substances that workers may come into contact with for each job assessed. When dealing with chemical hazards related to production means or the work environment, risk factor identification refers to the physicochemical properties of the chemicals and the operations in which they are used. With regard to the task, the lists exemplify deficiencies in conceiving and documenting the tasks as well as workers’ mistakes and potential errors with regard to their assigned tasks. This includes their failure to act and incorrect actions and how these may affect their personal well-being and safety.



For each identified risk factor, possible consequences must also be identified.



The method does not provide a checklist for this phase, but refers the evaluator to reliable existing databases, such as those of the European Chemicals Agency [28] and the Centers for Disease Control and Prevention [29]. The method provides a scoring board that allows the structuring of the enormous variety of effects, converting them into types of consequences and severity classes, as shown in Table 5.



The severity of the consequences determined in this way should be further combined with the probability of the incident to establish the risk level.



As mentioned, probability is quite difficult to establish. The method advises the use of actual data, especially internal data, if available and reliable. It also recommends careful use of statistics if the available data are not specific enough to the assessed work system. Moreover, the method uses numerical factors to account for the level of conformity with regulations and the duration of exposure to support an estimation of the likelihood of an event. Conformity and duration were considered easier to estimate by average users of the method, compared to probability. These might be used if actual data are not available or reliable, or if the assessment is done a priori. The method estimates probability as a combination of conformity and duration of exposure (including exposure to physical risks of chemicals, such as fire or explosion).



A conformity factor (CF) is proposed that reflects the extent to which each of the four components of the work system is provided with risk control measures that respect the applicable legal provisions and the rules, standards, and procedures established by the company itself. The method provides a comprehensive list of legal provisions and mentions what other types of enterprise-specific documents should be added. Several levels of compliance were preset to help the evaluator estimate compliance.



The method has four conformity checklists, one for each element of the work system. Sheet A, “Production means”, covers indicators related to the employer’s responsibilities concerning OSH (chemical risk factors from production means). Sheet B, “Working environment”, includes indicators related to the employer’s responsibilities concerning OSH (chemical risk factors from the work environment). Sheet C, “Task”, contains indicators related to risk factors from the tasks. Finally, Sheet D, “Worker”, includes indicators related to chemical risk factors from the worker’s way of performing tasks. All checklists display different manifestations of risk factors in the rows, with the frequency levels of implementing measures against these risks shown in the columns. The points of convergence indicate the partial level of compliance for each form of risk factor manifestation. An excerpt from Sheet B, “Working environment” is displayed in Table 6.



As seen below, five compliance indicators were preset, to help the evaluator estimate the level of compliance with each legal provision. Then, the compliance indicators were established in relation to the degree to which the legal provisions were implemented. A particular case is the requirement regarding complying with the occupational exposure limits (OELs) for 15 min or 8 h. This requirement is assessed as part of Sheet B—”Working environment”. The way compliance indicators were estimated for legal compliance, in general, and for complying with OELs, in particular, is presented in Table 7. The measured exposure can be substituted by the estimated exposure if the risk assessment is done a priori.



The scoring system allows for evaluating each indicator as follows: N/A—the indicator’s requirement does not apply to the evaluated objective, UC—the indicator’s requirement is completely unmet (0%), DC—the indicator’s requirement is met in the interval of 0% < DC < 25%, OC—the indicator’s requirement is met between 25% and 75%, CC—the indicator’s requirement is partially met, more than 75%, and C—the indicator’s requirement is fully met (100%). Each indicator is assigned a weighting coefficient rank: UC—5, DC—4, OC—2, CC—1, and C—0.



The conformity factor (CF) is computed for each component of the work system, using the following formula (Equation (1)):


  C F =    5 × U C + 4 × D C + 2 × O C + 1 × C C + 0 × C   5 ×   U C + D C + O C + C C + C       



(1)




where C—controlled (100%), CC—commonly controlled (75% < OC < 100%), OC—occasionally controlled (25% < UC < 75%), DC—difficult to control (0% < DC < 25%), and UC—uncontrolled 0%.



Once the CF is calculated, three frequency classes are associated with it, as shown in Table 8.



The exposure time (T) represents the average duration of exposure to a particular risk throughout a typical workday and is expressed as a percentage of regular daily working hours (usually eight hours). Table 9 lists the exposure time classes.



The probability (P) of risk factor manifestation is estimated as a combination of frequency (F) and exposure time (T). Table 10 illustrates the probability scale.



The outcome of the previous steps is indicated in the risk assessment grid. For each risk factor, the severity–probability combination is determined from the risk assessment grid (see Table 11) and documented in the job sheet. The risk/security level classification scale is utilized to determine the level for each individual risk factor. The risk assessment grid displays severity classes in the rows and probability classes in the columns. Through the use of the grid, the analyzed system can express the existing risks effectively, via the severity–probability format.



For the working environment, we considered the measured values when using approach B. Four classes were established based on the level of the measured exposure compared to the occupational exposure limit (OEL) for eight hours or for 15 min. Using the data from Table 11 and the results of the work environment sheet, the levels of chemical risk in the workplace were evaluated and are illustrated in Table 12.



The chemical risk levels of the work environment are calculated by considering the value of the measured class and the frequency determined using the sheet “Work environment” (see Table 13).



The workplace’s global risk level (Ngr) is determined by computing the risk levels of the risk factors identified in that workplace. Each risk factor’s rank, which has the same value as the risk level, is used as a weighting element to ensure that the obtained result reflects reality undistorted by the possibility that numerous low-risk factors overshadow those that have higher levels but are less numerous [16].



According to this approach, the factor with the highest risk is also the one with the highest risk level. Through this process, we can rule out the influence of a compensation effect between the extremes, which may conceal the factor with the highest risk level. The calculation for the global risk level is outlined in the following formula (Equation (2)) [16]:


    N   g r   =      ∑  i = 1   n      r   i     R   i         ∑  i = 1   n      r   i         



(2)




where Ngr is the global risk level at the workplace, ri is the rank of risk factor “i”, Ri is the risk level for risk factor “i”, and n is the number of risk factors identified at the workplace.



The workplace’s security level (Ns) is established using the risk/security level classification scale, which follows the principle that risk and security levels are inversely proportional [16].



Following its finalization, the method was demonstrated to the SMEs, and they put it into practice. The application of the chemical assessment approach developed in this study is illustrated in Table 14, which displays an excerpt from a chemical risk assessment form.


    N   r g   =      ∑  i = 1   6      R   i     r   i         ∑  i = 1   6      r   i        =    0 ( 5 × 5 ) + 1 ( 4 × 4 ) + 3 ( 3 × 3 ) + 2 ( 2 × 2 ) + 0 ( 1 × 1 )   0 × 5 + 1 × 4 + 3 × 3 + 2 × 2 + 0 × 1    =    51   17    = 3  










    N   r g r   =      ∑  i = 1   6      R   i     r   i         ∑  i = 1   6      r   i        =    0 ( 5 × 5 ) + 0 ( 4 × 4 ) + 1 ( 3 × 3 ) + 3 ( 2 × 2 ) + 2 ( 1 × 1 )   0 × 5 + 0 × 4 + 1 × 3 + 3 × 2 + 2 × 1    =    23   11    = 2.09  











The NPRRL demonstrates the level of risk once the recommended measures have been taken. These findings indicate the effectiveness of these measures in mitigating the risk of injury or disease.



The feedback from users has been compiled and is displayed in Figure 4. According to the data, the tools’ performance was satisfactory for the majority of users.



The feedback from the SMEs involved in the study was important for assessing the effectiveness of the method. Their input on checklists, applications, and user-friendliness helped us pinpoint the method’s usability and performance. Moreover, their comments on the usefulness of the results highlighted the practicality and relevance of the method in real-world situations. While SME feedback is valuable for improving the approach, it is important to acknowledge that it cannot be generalized because the SMEs’ insights may be limited to their specific expertise and might not cover and represent all SMEs’ needs and expectations.




4. Discussion


This approach provides solutions tailored to specific chemical risks (which can be adapted for other risks), focuses on general assessment issues, and can be integrated into a versatile method. The subject matter experts involved in this research valued the method’s well-organized information flow. They particularly valued its supportive components, including checklists and further resource links, which inform and guide at the same time. This aligns with the conclusions of previous studies [30,31], indicating that SMEs, despite grasping OSH principles, face challenges in implementing them practically.



A key benefit of the method introduced in this study is its ability to address the defining components of risk, such as consequences and probability. To identify the consequences, the method considered it sufficient to provide links to reliable sources of information about chemicals and their hazards. These sources are typically in English, which could be a limitation for some users. Nonetheless, certain information is partially translated and available in official translations by using specific numeric identifiers for chemicals or coded hazard statements. Despite these efforts, many SMEs may find it challenging to navigate this entire process, facing interruptions that could be disruptive and discouraging.



Unlike consequences, where existing information sources are available, there is generally a lack of long-term probability data. More sophisticated methods and experts may estimate probabilities, but for the average evaluator, this is generally difficult. Users of assessment methods may intuitively consider factors that influence probability in practice. This method focuses on two such factors: conformity and duration. The longer a process takes and the more nonconformity it has with regulations, the more likely it is that harmful events will occur. The method proposed in this paper considers a linear relation between the occurrence of an event and time, which is a methodological limitation. A practical drawback is that assessing conformity is not easy, even for one type of risk. However, a compliance audit should be conducted for all risk factors, as they may be interconnected in various ways. Moreover, simply complying with the law is usually insufficient. Legal requirements often lack the necessary technical specifics. It is important to consider specific technical standards and internal company specifications as well. The approach of offering a checklist for legal compliance assists SMEs in evaluating their adherence to regulations. This not only aids in assessing the likelihood of risks, as mentioned above, but also contributes positively to overall risk management by systematizing information gathering. The method suggests to users various sources beyond legal requirements and encourages users to create and update their own records of incidents, including near misses.



The effects of exposure to chemicals in workplace air can be caused by a continuous state rather than a specific event. Many diseases resulting from daily chemical exposure are linked to daily contact. This method offers a solution to evaluators to address this issue by assessing the conformity with the exposure limits provided by regulations. This approach can be applied to various types of risks and can be combined with existing tools for assessing workplace exposure [32,33] or environmental risks [34], including accidents that may impact workers. The assessment of compliance measured against occupational exposure limits does not specifically address the situation wherein there is a synergism between substances to which exposure occurs simultaneously. However, the way the compliance levels are defined for the work environment (e.g., considering 100% compliance for levels well below the OELs) covers, to some extent, the situation of exposure to several chemicals. Since evaluating exposure to several substances is still debatable, the version in this paper is considered more appropriate for average users, at least until clearer standardized approaches evolve.



Risk assessment should be followed by the implementation of control measures to reduce risks to an acceptable level. Employers must take all necessary actions and measures to keep risks under control. Table 15 shows the hierarchy of preventive measures for occupational safety and health, starting with eliminating risk, if possible, then using substitution, engineering controls, administrative controls, and PPE. Employers need to prioritize measures at the top of the hierarchy to effectively minimize workplace risks. Several possible measures to consider include the use of PPE, compliance with safe work procedures, and proper training for all workers. OSH knowledge can be effectively shared through microlearning, peer-to-peer training, on-the-job training, and on-the-job demonstrations, which also help individuals understand risks and their control and promote good work practices.



The study results, along with related research, offer valuable insights and guidance for creating a strategy to reduce workplace accidents and illnesses [35]. Previous studies support our findings, highlighting the importance of risk assessment for a safe work environment and the need for individuals to identify vulnerabilities and plan risk mitigation strategies accordingly [36,37]. However, Jensen et al. (2001) [38] and Walker and Tait (2004) [39] have shown that small companies may need help to conduct risk assessments effectively. This supports our findings and the initiative to improve the evaluation process for SMEs. Previous studies on this subject have identified cost-effective strategies and enhancements to decrease risks and their impacts, such as labeling cabinets and containers, establishing collaborative systems, and using portable shelving [40,41]. However, recent studies revealed that even with these measures in place, there was still a significant increase in workplace accidents and injuries due to human error and a lack of proper training. This suggests that simply implementing safety protocols without training workers may not be sufficient to fully mitigate workplace risks [42,43].



There are strengths and weaknesses to consider in this study. The study’s generalizability is limited as only nine focus groups were included. Despite their unique characteristics, these focus groups all worked on tasks involving chemical handling, indicating shared traits. Therefore, this study may be relevant to other groups working under similar conditions, such as those in the textile industry. The authors encountered challenges in scheduling focus group participation and recruiting participants, leading to a relatively small number of attendees.




5. Conclusions


This study focuses on improving workplace safety and health, and helping employers enhance their management practices by using effective assessment methods. The developed method supports risk assessment by addressing the common issues faced by enterprises, including SMEs. It is also important to integrate the chemical risks into a unifying assessment that will allow a better prioritization of all risks. By providing support for estimating the probability of harmful consequences, it compensates for the lack of data, and it helps in performing the risk assessment a priori. It is important to properly assess chemical risks for the safe use and handling of chemicals in various industries. Each organization must tailor its approach based on specific circumstances. By conducting thorough risk assessments, organizations can proactively identify and mitigate potential risks, thus creating a safer work environment for workers. This not only protects workers and prevents costly accidents and legal issues, but also cultivates a safety culture within the organization, promoting workers’ well-being and productivity. Effective risk assessment is a vital aspect of any comprehensive workplace safety program.
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Figure 1. Distribution of the percentages, reflecting the participants’ responses. 
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Figure 2. Leadership styles and their impacts on safety culture. 






Figure 2. Leadership styles and their impacts on safety culture.



[image: Sustainability 16 06308 g002]







[image: Sustainability 16 06308 g003] 





Figure 3. Linear regression on safety climate data. 
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Figure 4. Feedback on the method provided by the SMEs participating in the study. 
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Table 1. Summary of the participating SMEs.






Table 1. Summary of the participating SMEs.





	
Sector

	
No. of

SMEs

	
Main Characteristics

	
Data Collection Methods






	
Agriculture

	
3

	
No. of employees: 6–25

Profile: 1 cereal planting, 1 fruit growing, and 1 vegetable growing

OSH: 2 had external services and 1 had a designated worker

All three were rural

	
On-site observations, textual content analysis of OSH documents, focus group discussions, and chemical risk identification




	
Research activities in laboratories

	
3

	
No. of employees: 25–80

OSH: 2 had internal services and 1 had external services

All three were urban




	
Conservation and restoration laboratories

	
3

	
No. of employees: 6–25

OSH: 2 had internal services and 1 had external services

All three were urban











 





Table 2. Profiles of the focus groups involved in the study.
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	Activity of Participating SMEs
	Focus Group No.
	Focus Group Code
	No. of Participants/Group





	Agricultural
	3
	A1, A2, A3
	4



	Research activities in laboratories
	3
	R1, R2, R3
	3



	Conservation and restoration laboratories
	3
	C1, C2, C3
	3










 





Table 3. Examples of chemical risks associated with handling toxic substances [14].
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	Components of the Work System
	Chemical Risk Factors





	Production process
	Exposure to toxic, caustic, or carcinogenic substances through injection, ingestion, or contact with the skin or eyes can result in harmful effects.



	Working environment
	Inhaling may result in harmful effects when exposed to gasses, vapors, or airborne particles of toxic, carcinogenic or caustic aerosols. Airborne flammable substances increase the risk of chemical fires. An explosive atmosphere may be formed when mixing flammable substances with ambient air.



	Task
	Potential risks arising from operations, regulations, incorrect protocols, absence of established procedures, incorrect order of procedures, inadequate personal protective equipment, and improper marking of containers.



	Workers
	Mistakes resulting from mishandling, unsynchronized operations, delays, halts in hazardous locations, neglecting tasks, and failure to use personal protective equipment. Chemical fires can occur due to mishandling and failure to follow safe work practices.










 





Table 4. Chemical risk factors associated with the components of the work system.






Table 4. Chemical risk factors associated with the components of the work system.





	Components of the Work System
	Chemical Risk Factors





	Production means
	Exposure to hazardous substances used as raw or auxiliary materials through ingestion or contact with the skin or eyes; possibility of substances being involved in hazardous reactions; possibility of accidents caused by pressurized gasses or hot liquids.



	Working environment
	Gasses and liquid or solid aerosols as well as airborne particles can cause health problems (by inhalation) or by generating fire and explosion accidents.



	Task
	Risks arising from, e.g., incorrect or incomplete OSH protocols, absence of established working procedures.



	Workers
	Risks resulting from mishandling, unsynchronized operations, delays, halts in hazardous locations, neglecting tasks, or not using personal protective equipment (PPE).










 





Table 5. Degree of severity and probability rating system for the impacts of risk factors on the human body [16].
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Severity Class (S)

	

	
Severity of the Consequences




	

	
Consequences






	
1

	
Small

	
Minor incidents resulting in temporary inability to work for up to three days (self-healing).




	
2

	
Medium

	
Temporary disability of 3–45 days, treatable with medical care and reversible outcomes.




	
3

	
Large

	
Medical care and hospitalization may be necessary for individuals facing a reversible inability to work for a period for 45–90 days. The individual’s work capacity is reduced by at least 50%, resulting in permanent consequences that prevent them from performing professional activities (classified as third-degree disability).




	
4

	
Severe

	
Permanent consequences resulting in complete loss of ability to work, but with potential for self-care, self-direction, and spatial awareness (classified as a second-degree disability).

The irreversible effects of first-degree disability include total loss of ability to work, self-care, self-management, or spatial orientation.




	
5

	
Very severe

	
Death.











 





Table 6. Excerpt from Sheet B, “Working environment”.
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No. crt.

	
Description

	
Controlled (C)

	
Commonly Controlled (CC)

	
Occasionally Controlled (OC)

	
Difficult to Control (DC)

	
Uncontrolled (UC)

	
Not Applicable (N/A)




	
100%

	
75% < OC < 100%

	
25% < UC < 75%

	
0% < DC < 25%

	
0%






	
1

	

	

	

	

	

	

	




	

	
TOTAL

	

	

	

	

	

	




	

	

	
C

	
CC

	
OC

	
DC

	
UC

	











 





Table 7. Compliance indicators for legal provisions, including occupational exposure limits (OELs).
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No.

	
Compliance Indicator

	
Definition




	
Legal Compliance Other Than OELS

	
Compliance of Measured/Estimated Exposure Compared to OELs






	
1.

	
C—compliant

	
C = 100%

	
C < 30% of OEL




	
2.

	
CC—commonly compliant

	
75% ≤ CC < 100

	
30% OEL ≤ CC < 50% OEL




	
3.

	
OC—occasionally compliant

	
25% ≤ OC < 75

	
50% OEL ≤ OC < 75% OEL




	
4.

	
DC—deficient compliance

	
0% ≤ DC < 25%

	
75% OEL ≤ DC < 100% OEL




	
5.

	
UC—uncompliant

	
UC = 0%.

	
UC > 50% OEL











 





Table 8. Correspondence between the conformity factor (CF) and frequency class (F).
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	CF
	F





	FC < 0.15
	1



	0.15 < FC < 0.50
	2



	FC > 0.50
	3










 





Table 9. Exposure time (as a percentage of an eight-hour workday) and related time class (T).
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	Texp (%)
	0–20%
	20–40%
	40–60%
	60–80%
	80–100%





	Time Class (T)
	1
	2
	3
	4
	5










 





Table 10. Scale of probability classes (P).
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	Occurrence
	Probability Class
	Couples (Frequency Class, Exposure Time Class)

(F,T)





	Very rare
	1
	(1,1); (1,2); (2,1)



	Rare
	2
	(1,3); (1,4); (2,2); (3,1)



	Uncommon
	3
	(1,5); (2,3); (3,2)



	Common
	4
	(2,4); (2,5); (3,3)



	Very common
	5
	(3,4); (3,5)










 





Table 11. Risk assessment grid [16].






Table 11. Risk assessment grid [16].





	

	

	
Probability Classes




	

	

	
1

	
2

	
3

	
4

	
5




	

	

	
Very Rare

	
Rare

	
Uncommon

	
Common

	
Very Common






	
Severity Classes

	
Consequences

	
(1,1) (1,2) (2,1)

	
(1,3) (1,4) (2,2) (3,1)

	
(1,5) (2,3) (3,2)

	
(2,4) (2,5) (3,3)

	
(3,4) (3,5)




	
5

	
Very severe

	
Death

	
(5,1)

	
(5,2)

	
(5,3)

	
(5,4)

	
(5,5)




	
4

	
Severe

	
Disablement

	
(4,1)

	
(4,2)

	
(4,3)

	
(4,4)

	
(4,5)




	
3

	
Large

	
Medical care and hospitalization for a period of 45–90 days

	
(3,1)

	
(3,2)

	
(3,3)

	
(3,4)

	
(3,5)




	
2

	
Medium

	
Medical care and hospitalization for a period of 3–45 days

	
(2,1)

	
(2,2)

	
(2,3)

	
(2,4)

	
(2,5)




	
1

	
Small

	
Medical care and hospitalization for <3 days

	
(1,1)

	
(1,2)

	
(1,3)

	
(1,4)

	
(1,5)











 





Table 12. Correspondence between measured exposure levels (MVs), as percentages of OELs and MV classes.
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	Measured Values

(MVs)
	MV < 30%
	30% ≤ MV < 70%
	70% ≤ MV < 100%
	MV ≥ 100%





	MV classes
	1
	2
	3
	4










 





Table 13. Risk/security level classification scale.






Table 13. Risk/security level classification scale.





	
Risk Level

	
Couple (Frequency, Measured Value Class Chemical Risk)

(F,MV)

	
Security Level






	
1

	
Small

	
(1,1) (1,2)

	
5

	
Maximum




	
2

	
Medium

	
(1,3) (2,1) (2,2)

	
4

	
Very large




	
3

	
Large

	
(3,1) (3,2)

	
3

	
Large




	
4

	
Very large

	
(1,4) (2,3)

	
2

	
Medium




	
5

	
Maximum

	
(2,4) (3,3) (3,4)

	
1

	
Small











 





Table 14. Excerpt from a chemical risk assessment form.
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Workplace:

	
Evaluation Sheet No.

	
Working Time: 8 h




	
Nrg = 3

	
Nrgr = 2.09




	
Risk Factor

	
S

	
P

	
NPRL

	
Recommended Measures

	
S

	
P

	
NPRRL






	
Means of Production




	
Working with toxic substances

	
2

	
2

	
2

	
Workers are not allowed to use toxic substances if they have skin injuries or mucous membrane issues

	
2

	
1

	
1




	
Working with flammable substances

	
3

	
2

	
2

	
Toxic or flammable substances that spill on the floor will be neutralized using materials specified by the manufacturer for each substance and will be disposed of at the designated garbage collection site

	
3

	
1

	
1




	
Working Environment




	
Vapours, aerosols, dusts—carcinogens: gasses, toxic vapours from varnishes and paints

	
4

	
2

	
3

	
Ensuring an effective ventilation; Conducting measurements of chemical gases in the workplace

	
4

	
1

	
2




	
Particulate matter in air, gasses or vapours—explosives: gases, flammable vapors from used substances

	
5

	
2

	
3

	
Ensuring an efficient ventilation system to eliminate harmful gasses; Proper airing, ventilation, and mandatory gas checks; Providing workers with appropriate PPE

	
5

	
1

	
2




	
Task




	
Insufficient training

	
5

	
2

	
3

	
Periodic training of workers on the European systems for classifying and labeling chemical substances

	
5

	
1

	
2




	
Worker




	
Wrong actions (incorrect handling of containers containing substances)

	
5

	
3

	
4

	
Storing chemicals in labeled and chemical-resistant containers; Using handling equipment like pumps and valves to minimize direct contact with substances; Providing training on the proper handling of the substances used

	
5

	
2

	
3








NPRL—Partial risk level; NPRRL—Partial risk level after implementing recommended measures; Acceptable risk; Tolerable risk; Unacceptable risk.













 





Table 15. Preventive measures for occupational safety and health.
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	Typology
	Measures
	Actions





	Primary measures
	Risk elimination
	The measures must directly impact the source of risk factors (intrinsic prevention).



	Secondary measures
	Risk isolation
	While risk factors may persist, taking collective protection measures can prevent or reduce their impact on workers.



	Tertiary measures
	Risk avoidance
	Organizational measures and regulations on behavior act as barriers to the interaction between risk factors and workers.



	Quaternary measures
	Isolation of the worker
	Individual protection can be achieved by wearing personal protective equipment to limit the impact of risk factors.
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