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Abstract
Background
Work-related eye injury causes significant vision loss. Most of these injuries are preventable with appropriate eye safety practices. We aimed to study industrial workers’ perceptions of Personal Protective Eyewear (PPE) and its usage in a high income developing country.

Methods
A field-based cross-sectional study in small-scale industrial entities was performed in Al-Ain City, UAE during the period of October 2018 to June 2019. Five hundred workers completed a pretested structured questionnaire. Data on demographics, occupational history, work hazard awareness, and PPE usage at their work place were collected.

Results
The workers were experienced, with a median of 15 years in practice. The majority (80%) learned their work skills through apprenticeship (i.e., on-the-job) training. Most (85%) were involved with activities presenting eye injury risk, and were highly aware of this. None of the workers used safety goggles or glasses all the time for activities that need PPE usage. Five percent never used PPE in the workplace. The main reason for not using PPE was the work demands (95%) and poor vision through the lenses (75%). Young age and less work experience were associated with less PPE usage (P < 0.0001). Wearing prescription spectacles had a positive correlation with usage of safety goggles (P = 0.005) and a negative correlation with welding helmet usage (P < 0.0001).

Conclusions
There was a high level of awareness about the value of PPE in the workplace which was not translated into real practice. Educational programs promoting eye safety practices and proper PPE usage should be adopted by workers in small-scale industrial settings.
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Introduction
Ocular injury is a common cause of blindness worldwide (Pizzarello 1998; Lombardi et al. 2005; Fea et al. 2008). Around 60% of these injuries occur in the workplace (AlMahmoud et al. 2019a; Fea et al. 2008). Personal Protective Eyewear (PPE) is highly effective in preventing eye injury if appropriate selections are made available and effectively used (Lipscomb 2000; Mancini et al. 2005; Forst et al. 2006; Zgambo 2015). About 60% of work-related eye injury is related either to the lack of usage or to the wrong choice of PPE at the time of injury (Lombardi et al. 2009).
Over the past two decades, the United Arab Emirates (UAE) has dramatically increased construction and manufacturing activities that rely on welders and carpenters. Al-Ain City is located in the Al-Ain region of the Emirate of Abu Dhabi. The UAE Labour Act, Federal Law 8 (1980) and its amendments (1982) mandate regulations that promote workplace safety and affirm the enterprise’s obligation to protecting employees’ health and safety. This includes PPE supply in the workplace (Federal Law No 8 2007). Abu Dhabi Occupational Safety and Health Center (OSHAD) was established in 2010 to ensure implementation of occupational safety and health systems in the workplace (Abu Dhabi Occupational Safety and Health Center (OSHAD) n.d.). The OSHAD System Framework (SF) is a management tool that integrates Occupational Health and Safety management components of a business into one coherent system (Abu Dhabi Occupational Safety and Health Center (OSHAD) n.d.). In 2019 the Abu Dhabi Public Health Center (ADPHC) was established to maintain the health of the population and the safety of workers through the promotion of public health and preventive health concepts. ADPHC is now the independent legal body which manages the OSHAD SF (Khalifa bin Zayed issues law establishing Abu Dhabi Public Health Centre n.d.; General Secretrariate of the Executive Council 2019). The Department of Municipalities and Transport of Al Ain City Municipality is the authority that ensures that small-scale industrial workshops comply with the health requirements through legal audits and inspections (Department of Municipal Affairs and Transport, Al Ain City Municipality, Municipal Infrastructure and Assets Sector, Public Health Department 2018).
There is limited information available regarding work-related eye hazards, level of awareness and utilization of PPE among workers in small-scale industrial settings in developing countries. We recently reported the epidemiology of eye injury necessitating surgery in our setting (AlMahmoud et al. 2019a). This study covered hospitalized patients and it represented the tip of an iceberg of preventable eye injury (AlMahmoud et al. 2019a; AlMahmoud et al. 2000a; AlMahmoud et al. 2019b). Further, we have also shown a high incidence of eye injury and low usage of safety goggles among workers at small-scale industrial enterprises (AlMahmoud et al. 2020b). We therefore resolved to conduct an observational study in the workplace to directly identify risk factors for eye injury. We aimed to study the industrial workers’ perceptions of PPE and its usage in a high-income developing country so as to develop recommendations about eye injury prevention in such a setting.
Subjects and methods
Ethics statement
This research was approved by the Social Sciences Ethics Committee of UAE University (ERS_2017_5631). The Department of Economic Development approved the survey. Informed consent was obtained from both the workshop managers and individual workers who participated in the study.
Study protocol
The research protocol was developed and pretested by the research team. The survey covered two separate domains related to eye injuries at small-scale industrial enterprises (AlMahmoud et al. 2020b). The first domain includes detailed question items on workers’ perceptions of PPE. The second domain has focused question items related to eye injuries and their risk factors among workers at small-scale industrial enterprises. This survey is included as an appendix to a recently published article, but the overlap between these two papers is minimal (AlMahmoud et al. 2020b). All components of the pretested structured interview survey focusing on demographic data, work experience, perception of occupational eye hazards, awareness of PPE and impediments to its usage in Al-Ain City, UAE are presented in this study. Items on workers’ perception of eye injury risk were rated on a scale of 0 ‘no harm’ to 10 ‘severe harm’. Workers’ use of personal protective eyewear (PPE) in the last week was classed as ‘always’, ‘often’, ‘sometimes’, and ‘never’. A list of options was presented for reasons for not using PPE.
Sample size and sampling
This study was conducted among workers in small-scale industrial enterprises in Al-Ain City. The population of Al-Ain was estimated to be 631,005 (Statiscs Center- Abu Dhabi (SCAD) 2019). With the aid of the Raosoft sample size calculator (Raosoft, Inc n.d.), 5% margin of error, 95% confidence level and 50% response distribution, the calculated sample size was 384 workers. However, we aimed for 500 participants to improve validity of results.
A list of welding and carpentry workshops registered with Al-Ain municipality was obtained. Multi-stage random sampling was performed to select the study participants. A geographic map of Al-Ain City was used, and the two industrial areas were identified. The main industrial area was divided into 4 sections while the Hili industrial area was divided into 2 sections. In every section a street was randomly selected and the first small-scale industrial workshop was approached. ‘The researcher explained the protocol to each participating worker orally for clarity and to limit possible misunderstanding and then recorded the data.
Statistical analysis
After the data were collected as hard copies, a database was designed for the study using Microsoft Access 2010 (Microsoft, Redmond, Washington USA). Data were rechecked after the data entry was completed. The data were then exported into a Microsoft Excel 2010 data sheet (Microsoft, Microsoft, Redmond, Washington USA) and coded as numbers. The Statistical Package for the Social Sciences (IBM-SPSS version 23.0, Chicago, Il, USA) was used to analyze the coded data. Data were presented as median (range) or number (%) as appropriate. Spearman Rank Correlation was used to test the correlation between two variables. A p value of less than 0.05 was considered as significant.
Results
One-hundred twenty-three small-scale industrial enterprises were approached; 95 workshops agreed to participate (77% response rate). A total of 500 workers out of 518 approached in these participating workshops agreed to complete the survey (response rate of 96.5%). The median (range) age of participants was 32.5 (23–43) years. The participants were Indian (35%), Bangladeshi (30%), Egyptian (15%), Pakistani (10%), Syrian (5%), and Jordanian (5%). All participants worked for 6 days per week with a median (range) of 9 (9–10) hours per day. 30% of participants had prescription glasses whereas none used contact lenses. The median (range) of years of work experience was 15 (4–24) years. The participants had worked for a median (range) of 4 (1–12) years in UAE. 30% of participants had a diploma or higher education, 30% had secondary education, 25% had basic education and could read and write, 10% had completed elementary education, and 5% were illiterate. 80% of workers indicated that they had learned their working skills through apprenticeship training, and 95% had received occupational safety training.
Table 1 shows the tasks performed by the workers. 90% were involved in cleaning, 85% in hammering and 85% in sanding. The workers were highly aware of the risk of hot sparks and fire or explosion. There was low risk perception for bright light injury and sharp edges (Table 2). Table 3 shows the high knowledge of workers on availability of safety goggles, glasses, face shields, and welding helmets compared with filter lenses. No workers used the available safety goggles or safety glasses all the time. 5% never used PPE of any type at their workplace. 20% never used safety goggles or safety glasses. 35% never used face shields and 70% never used welding helmets (Table 4). The main reason for not using PPE was the pressure to complete the work (95%); furthermore 75% mentioned poor vision through PPE lenses, and 10% perceived no benefit for PPE usage (Table 5).
Table 1Occupational tasks performed by workers (n = 500; Al-Ain industrial areas, November 2018–June 2019)


	Type of work
	Number (%)

	Standing/observing/assisting
	450 (90%)

	Cleaning
	450 (90%)

	Hammering
	425 (85%)

	Sanding
	425 (85%)

	Manual handling
	350 (70%)

	Drilling
	325 (65%)

	Chipping
	300 (60%)

	Gas welding
	275 (55%)

	Arc welding (electric welding)
	275 (55%)

	Grinding
	275 (55%)

	Power sawing
	250 (50%)

	Painting
	100 (20%)

	Hand sawing
	50 (10%)

	Chiseling
	25 (5%)


Data are presented as number (%)


Table 2Workers’ awareness of seriousness of the following incidents as potential causes of eye injury or harm (scale 0–10)


	Type of work
	Median (range)

	High temperatures/hot sparks injury
	8 (4–10)

	Fire or explosion
	8 (2–9)

	Welding fumes and gases injury
	7 (0–9)

	Bright light injury (UV light emitted during welding)
	4.5 (1–8)

	Sharp edges/ injury by metal objects
	2 (0–6)

	Hot tea injury
	0 (0–0)

	Vibration injury
	0 (0–0)


Data are presented as median (range)


Table 3Workers’ awareness of availability of personal protective eyewear in the workplace


	PPE
	Available
	Not available
	Unknown

	Safety goggles
	500 (100%)
	0 (0%)
	0 (0%)

	Safety glasses
	500 (100%)
	0 (0%)
	0 (0%)

	Face shield
	500 (100%)
	0 (0%)
	0 (0%)

	Welding helmet
	400 (80%)
	25 (5%)
	75 (15%)

	Filter lenses
	25 (5%)
	25 (5%)
	450 (90%)


Data are presented as number (%)


Table 4Frequency of workers’ use of personal protective eyewear at workplace in the last week


	PPE
	Always
	Often
	Sometimes
	Never

	Safety goggles
	0 (0%)
	125 (25%)
	275 (55%)
	100 (20%)

	Safety glasses
	0 (0%)
	125 (25%)
	275 (55%)
	100 (20%)

	Face shield
	175 (35%)
	100 (20%)
	50 (10%)
	175 (35%)

	Welding helmet
	0 (0%)
	25 (5%)
	125 (25%)
	350 (70%)

	Filter lenses
	0 (0%)
	0 (0%)
	0 (0%)
	500 (100%)


Data are presented as number (%)


Table 5Reasons for not using personal protective eyewear in the workplace


	Reason
	Number (%)

	Quickly finish the job
	475 (95%)

	Cannot see clearly
	375 (75%)

	Due to hot weather
	275 (55%)

	Not comfortable when using PPE
	250 (50%)

	No benefit of using PPE
	50 (10%)


Data are presented as number (%)



Young age and less work experience were both associated with less PPE usage (P < 0.0001). Wearing prescription spectacles had a positive correlation with wearing safety goggles (P = 0.005, rho 0.13) and a negative correlation with using welding helmets (P < 0.0001, rho − 0.42) (Table 6).
Table 6Correlations between different variables and workers’ usage of personal protective eyewear (n = 500)


	Variable
	 	Safety goggles
	Safety glasses
	Face shield
	Welding helmet

	Age
	p
	0.003
	0.24
	< 0.0001
	< 0.0001

	rho
	0.13
	−0.05
	0.72
	0.2

	Education level
	p
	0.69
	0.69
	0.28
	0.07

	rho
	0.02
	0.02
	0.05
	0.08

	Years of experience
	p
	0.003
	0.45
	< 0.0001
	< 0.0001

	rho
	0.13
	−0.03
	0.71
	0.25

	Working hours
	p
	0.03
	0.19
	0.007
	< 0.0001

	rho
	0.1
	−0.06
	0.12
	0.38

	Wearing prescription glasses
	p
	0.005
	0.35
	0.66
	< 0.0001

	rho
	0.13
	−0.04
	−0.02
	−0.42

	Apprenticeship training
	p
	0.42
	0.42
	< 0.0001
	< 0.0001

	rho
	0.04
	0.04
	−0.27
	−0.19


Spearman rank



Discussion
Our study has shown that industrial workers in small-scale enterprises in our setting are mainly young men who are aware of both the types of PPE available in the workplace and the work-related eye hazards. Discomfort was the major barrier to PPE usage. This finding has also been reported by others (Budhathoki et al. 2016; Chauhan et al. 2014; Isah and Okojie 2006). Similar to other studies (Lombardi et al. 2009; Isah and Okojie 2006; El-Zein et al. 2003), our workers were highly experienced. Nevertheless, their work experience in the UAE was short. This may reflect the high rate of turnover of workers in these jobs.
Consistent with our finding, it has been reported that majority of workers learn their skills through apprenticeship training from experienced workers (Budhathoki et al. 2016). Workers in our study received some occupational safety training. Although they were aware of the presence of PPE in the workplace, they did not use it all the time when usage was needed. Low PPE usage has been reported, ranging between 9 and 18% (Ajayi et al. 2011; Omolase and Mahmoud 2007). Furthermore, reports indicate that more than 50% of workers involved in welding and carpentry do not protect their eyes during work activities (Lipscomb et al. 1999; Voon et al. 2001; Zakrzewski et al. 2017).
A significant number of participants had prescription spectacles but none used contact lenses. This could be due to financial constraints, difficulties with cleaning, or perception of hazards. Wearing prescription spectacles had a significant positive effect on wearing safety goggles in our study. Spectacle users may have been more informed and accepting of PPE usage. On the other hand, wearing prescription spectacles had a negative effect on use of welding helmets in our study. It is possible that this might be related to visibility compromise or discomfort when using more than one device. In addition, lack of provision for prescription PPE has been noted as a potential barrier to its usage (Lombardi et al. 2009).
Eye injury occurs when the eye is not protected (Davey 1987; Kruger et al. 1990). Consistent with other findings (Zakrzewski et al. 2017; Eye Injuries n.d.), workers in our study did not use PPE all the time (Fig. 1) and 5% never used it despite being involved with high risk activities such as welding and sanding. Hammering was also a common activity for workers in our study. About 10% of medical costs of eye injuries are reported to be caused by hammering (Lipscomb et al. 1999), and are associated with low use of PPE (Fong and Taouk 1995). Other factors that contribute to eye injuries are using the wrong type of PPE and poor fit (Lombardi et al. 2009; Sukati 2014). Several types of PPE are available, and when worn and fitted properly they are highly effective in preventing the impact and potentially reducing the severity when injury occurs (Lipscomb 2000; Mancini et al. 2005; Forst et al. 2006).
[image: ../images/40621_2020_280_Fig1_HTML.png]
Fig. 1A worker at a small-scale industrial enterprise at the main industrial area of Al-Ain City drilling a hole in a metallic bar over a wood block using a large electrical drill without personal protective eyewear (The worker gave his written consent to use his picture for publication)


Factors that influence workers’ use of PPE include discomfort, lack of fit, fogging, scratching, lack of safety training, or misunderstanding (Lombardi et al. 2005; Lipscomb 2000; Forst et al. 2006; Lipscomb et al. 1999; Winder et al. 1998; Eze et al. 2015). The majority of our workers prioritized job completion over eye protection. Furthermore, poor visibility, discomfort, and hot weather discouraged workers from using PPE in our setting. Offering workers PPE that is tailored to the local climate and tasks, including anti-fog coating, might enhance its usage (Ademola-Popoola et al. 2005; Crebolder and Sloan 2004; Earle-Richardson et al. 2014). Furthermore, apprenticeship training was negatively associated with the usage of face shields and welding helmets in our study. Workers may be following the behavior of their trainers (Lipscomb et al. 1999).
We reported earlier a high percentage of eye injury incidents among workers at small-scale industrial enterprises (AlMahmoud et al. 2020b). Prevention of such injuries may be challenging as workers, report that safety glasses are uncomfortable, increase the difficulty of work, and reduce productivity. This is of concern in the hot climate and consequent perspiration and fogging of lenses could reduce visibility through PPE. If PPE is to be accepted by workers it should be comfortable and not limit clear vision (Ademola-Popoola et al. 2005). Earle-Richardson suggested offering workers a range of eyewear and tailoring offerings to the local climate and tasks (Earle-Richardson et al. 2014). Further strategies that may lead to reductions in the burden of eye injuries by increasing the use of protective eyewear in our country could be formulated based on literature review and local systems for labour regulation and health education. Multicomponent interventions including development of appropriate educational material, workshops, and local newspaper articles containing expert advice on the subject could be adopted. Another strategy could be focus groups to collect qualitative data on behaviors, opinions, or exposures (Krueger and Casey 2014; Salazar et al. 1999; Bender and Ewbank 1994). Focus groups can also contribute to the identification of safety hazards and job risks and to informing the development and/or implementation of interventions (Salazar et al. 1999; Simpson et al. 2002; Gillen et al. 2004). These measures should be reinforced by law through a program unannounced official inspections, as such a strategy results in long term reduction in eye injuries (Mancini et al. 2005).
Limitations
We have to acknowledge that our study has certain limitations. First, our study was only in Al-Ain City, hence may not reflect the situation in the whole UAE. Second, recall bias might have under or overestimated the results. Finally, where welding is concerned we were unable to quantify the time spent on this activity, as workers were involved in several activities and did welding only intermittently.
Conclusions
Our study has shown that there is a high level of awareness of the value of PPE in the workplace which is not translated into real practice. Eye protection among workers in small-scale industrial enterprises is important. Preventive and educational strategies should be adopted to address appropriate eye protection, comfort, visibility, and specific criteria for prescription spectacles.
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