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Abstract
Eye health of the working population is an essential condition for productivity. Marble industry is processed at large scale 
at Shaq El Tho’ban area where much dust, crushed pieces of stone, and fluctuating temperatures are endangering employ-
ees’ health generally and eye health specifically. The objectives of this study were assessing the prevalence of the most 
common ocular health problems associated with marble industry and investigating the impact of the working environment 
and occupational risk factors on the oculo-visual status of marble workers. A cross-sectional study was conducted among 
250 workers, working at Shaq El Tho’ban area in Egypt during the period from August 2020 to September 2021, using a 
semi-structured questionnaire and eye examination comprised of full ocular history, visual acuity testing (unaided/aided), 
slit lamp examination, ophthalmoscopy, and Schirmer’s type I and tear break up time tests. The current study showed that 
gritty sensation (65.2%) and eye dryness (51.2%) were the commonest symptoms complained. By examination, conjunctival 
hyperemia (59.6%) was the most prevalent finding. By performing dry eye tests, dry eye was diagnosed in 60.4% and 51.2% of 
workers by Schirmer’s test and tear break up time test respectively. The study’s results indicated that age, working category, 
smoking, and diabetes had significant impact on development of ocular symptoms, while working duration, diabetes, smok-
ing, ocular symptoms, and ocular foreign body had significant impact on development of dry eye disease. Implementation 
of engineering control measures, proper designing, and supply of eye PPE together with adequate health education to all 
workers about occupational health risks and preventive measures are recommended.
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Introduction

Marble quarrying and processing industries belong to the 
oldest industries of the world (Bradley, 2002). Egypt’s mar-
ble sector is very competitive and it plays a vital role glob-
ally in the socio-economic conditions such as providing 
employment to thousands of people (Ahmad et al., 2019).

Stone and marble industry had a significant negative 
impact on public health, including the health of workers 

directly working in the industry, as well as the health of 
the population living in the industry’s neighborhoods, in 
addition to the well-being of the surrounding environment 
and ecosystems. These impacts result from rock quarrying 
and crushing activities, large-scale stone cutting and polish-
ing of huge stone in stone-cutting plants, and transporta-
tion of rocks, as well as from building and construction’s 
sites (Salem, 2021). Ocular health problems are among 
the negative health effects of the marble provided that eyes 
are the third most common organ affected by injuries apart 
from the hands and feet (Mir et al., 2014). Occupational 
eye injuries account for 21% of all workplace injuries of 
workers in construction, manufacturing and mining who are 
particularly at risk (Shepherd et al., 2006), and account for 
36.7% of injuries according to retrospective epidemiological 
study in Egypt (Elhesy, 2016), which were higher among 
male individuals. Furthermore, work-related eye injuries 
alone cost more than $300 million per year due to loss of 
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production time, medical treatment, and workers’ compensa-
tion (OSHA, 2016).

Ocular manifestations range from simple eye strain, minor 
corneal abrasions up to serious perforating injuries resulting 
in blindness (Ngo and Leo, 2008). Approximately 90% of 
these injuries are thought to be preventable (Peate, 2007; 
Preventblindness, 2016). They are attributable to the misuse 
or nonuse of protective eyewear by the workers at the time of 
their work-related ocular injuries (Shashikala et al., 2013).

At the marble processing site, dry, dusty, and heavily pol-
luted environment are identified as the potential occupational 
hazards; moreover, crushed pieces of stone resulting from 
marble grinding and polishing are the most common source 
of injury (Ezisi, 2019). Exposure to airborne marble dust or 
particles cause irritation of conjunctiva leading to conjunc-
tivitis, itchy, gritty, or foreign body sensations (Gromisch, 
2017; Ezisi, 2019; Azuamah et al., 2019). Working environ-
ment also may affect, as working in the open areas means 
being exposed to macroclimatic conditions and solar radia-
tion accentuated by the reflection from the white marble 
which may affect the workers’ sight, resulting in temporary 
blindness with major risk of accidents, photoconjunctivitis 
and photokeratitis, dermatitis, and possible heat stroke dur-
ing the summer months (Angotzi et al., 2005).

Eye injuries were classified into open-globe and closed-
globe injuries based on the Birmingham Eye Trauma Ter-
minology System (Kuhn et al., 2004). Open globe injuries 
include rupture globe and lacerations. Lacerations sub-
divide into single laceration (penetrating),  two lacera-
tions with entry & exit wounds (perforating) and retained 
foreign body causing lacerations (intraocular foreign body). 
While closed globe injuries include superficial foreign body, 
lamellar lacerations, and contusion (Moore et al, 2017).

The most prevalent ocular problems encountered with 
marble processing industry and stone workers are intraocular 
foreign body (Edema et al., 2009), dry eye (Sharma, 2011), 
pterygium (Koffuor et al., 2012), and corneal abrasions and 
foreign body (Islam et al., 2000; Qayum et al., 2016).

Wearing adequate protective eyewear is the most impor-
tant thing for protection of vision at work, which can prevent 
more than 90% of serious eye injuries (Dang, 2021). There 
is scarcity of research and data about occupational health 
problems among marble processing workers in Egypt, so our 
study aimed at improving occupational health of workers by 
assessing the prevalence of the most common ocular health 
problems associated with marble industry and investigating 
the impact of the working environment and occupational risk 
factors on the oculo-visual status of marble workers. Our 
study hypotheses were as follows: (1) null hypothesis, no 
association between exposure to marble industry and devel-
opment of ocular symptoms, and (2) alternative hypothesis, 
there is association between exposure to marble industry and 
development of ocular symptoms.

Subjects and methods

A cross-sectional study was carried out among workers at 
“Shaq El Tho’ban” industrial area at Tura AL-Maadi East 
Cairo governorate, Egypt, in the period from August 2020 
to September 2021. “Shaq El Tho’ban” extends over sur-
face area about 6.5 million  m2, with workforce of 90,000 
of direct workers and indirect workers. It comprises 1858 
factories and workshops for manufacturing and export-
ing marble coming from quarries of Ras Ghareb, Ain El-
Sokhna, El Minya, and Jabal Al Galala in Suez, Red Sea, 
and Aswan (Sis.gov, 2019).

Study population

Determination of sample size and sampling technique

The sample size was calculated through Open-Epi version 
3.01, according to the following data: Total population 
size at “Shaq el Tho’ban” industrial area is 90000 work-
ers (sis.gov, 2019), frequency of eye itchy sensation was 
about 20% from previous study (Bhatnagar et al., 2014), 
confidence limit is 5%, design effect = 1, and confidence 
level = 95%. So the calculated sample size was 245 work-
ers. For better response rate, we added to the sample size 
10%, so the final sample size was 269. Participants were 
selected by simple random sampling technique; they were 
selected randomly using workers’ list at each workplace 
with proportional allocation. Pilot study was done using 
the semi-structured questionnaire on 10% of the sample 
(25 workers)—who were excluded from the sample—
working at one of the factories at “Shaq El-Tho’ban” to 
test the response to different parts of the questionnaire, to 
test the feasibility of the study and to recognize the bar-
riers that may arise during data collection. The question-
naire took about 20–30 min, so some workers considered 
it disrupting their work, so they did not complete it, and 
others could not identify the problem they suffer from. The 
results of the pilot study were not included in the results of 
the study. According to the results of the pilot study, the 
questionnaire was revised, and some modifications were 
done, mainly the length of the questions to be concise and 
removing the questions about the frequency and severity 
of symptoms as most of participants in pilot study could 
not determine them.

Inclusion criteria were as follows: adult workers aged 
18 years and above, having at least 2 years of work expe-
rience, working permanently at the place, and gave their 
consent to participate in the study.

Exclusion criteria were as follows: Workers who had 
recent ocular surgery within 1 year, active eye infections, 
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usage of artificial tears within 2 weeks, and wearing con-
tact lenses.

Data collection tools

A) Semi-structured questionnaire was used depending on; 
previous studies (Paz et al., 2013; Occupational Safety 
and Health Administration (OSHA), 2019) and the Ocu-
lar Surface Disease Index (OSDI) questionnaire which is 
recommended by The International Dry Eye Workshop 
as a classical and reliable evaluation of dry eye disease 
(DED) symptoms (Schiffman et al., 2000) which con-
sisted of the following “4 parts”:

Part I: Personal and socio-demographic data: age, level of 
education, marital status, residence, smoking status.

Part II: Occupational characteristics which included 
the following: (a) current occupation, (b) years of 
experience, (c) number of working hours/days, (d) usage 
of eye personal protective equipment, (e) performance 
of pre-employment medical examination for workers, 
(f) performance of periodic medical examination for 
workers, (g) availability of environmental monitoring, (h) 
availability of environmental dust control measures, (i) 
following industrial security. It was translated into Arabic 
and then validated through a back translation technique 
and pilot testing.

Part III: General and ocular medical history which 
included questions about having: (a) hypertension, (b) dia-
betes, (c) allergy to any substance, (d) previous eye injury 
during employment, (e) previous eye surgery during employ-
ment, (f) previous ocular foreign body during employment.

Part IV: Present history of ocular symptoms: eye burning, 
eye itching, gritty sensation, eye dryness and blurred vision. 
It was translated into Arabic and then validated through a 
back translation technique and pilot testing.

The study`s tools were validated by performing “face 
validity” which is fulfilled by conducting pilot study and by 
performing “content validity” which is fulfilled using review 
of the literature, pilot study, and submitting the questionnaire 
to a board of occupational medicine experts to judge tool 
items with relevance and appropriateness.

B) Eye examination

An ophthalmologist examined the workers at the site 
for eye problems. Full ocular history was taken followed 
by visual acuity testing (unaided/aided), slit lamp exami-
nation, and ophthalmoscopy. Schirmer`s type I and tear 
break up time tests were done. A portable autorefractometer 
(Handyref, NIDEK Corp.), portable slit lamp, and Snellen’s 
chart were used.

Schirmer’s test (ST) It evaluates aqueous tear production. It 
is helpful in the assessment of patients with signs and/or 
symptoms of dry eye as it can determine whether surface 
dryness is due to reduced tear production from the lacri-
mal glands as opposed to some other causes. The test was 
performed without anesthetic (Schirmer I) (Eyedocs, 2021).

• Normal value is greater than 10 mm (Shapiro and Merin, 
1979).

Tear break up time test (TBUT) It is a clinical test used for 
assessment of evaporative dry eye disease and measures the 
stability of tear film.

• Value of < 10 s was considered indicative of tear film 
instability (Shapiro and Merin, 1979).

Data management

The collected data were computerized and statistically ana-
lyzed using the SPSS program (Statistical Package for Social 
Science) version 26.0. Frequencies and percentages were 
used to reflect qualitative data. Mean and standard deviation 
were used to summarize quantitative results. Median and 
inter-quartile range was used to describe working experience 
and Schirmer’s test as data was not normally distributed. 
Chi-square test was calculated for testing the association 
between the qualitative data (risk and outcome). Odds ratios 
(OR) and their 95% confidence intervals (95% CIs) were 
calculated using univariate logistic regression to measure the 
association between some sociodemographic, occupational 
characteristics and medical history with ocular symptoms, 
and association between some sociodemographic, occupa-
tional characteristics and medical, and ocular history with 
dry eye tests’ results. Paired analysis was done using Wil-
coxon signed rank test to compare visual acuity of both eyes 
among studied participants. Multivariate logistic regres-
sion analysis (forward method) was conducted to identify 
the predictors of each studied outcome. P value < 0.05 was 
considered statistically significant, and p value < 0.01 was 
considered high statistically significant.

Results

The response rate was 92.9%; total number of 250 workers 
had participated in the study. All workers were male; most of 
them (80.4%) were of age (less than 40 years) with a mean 
of (33.42 ± 8.30 years). Workers (43.6%) had completed 
either General Secondary Education or Technical Secondary 
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Education Diploma. More than half of them were married 
(59.2%), living in rural areas (68.4%), and smokers (69.6%).

Regarding occupational characteristics, the working tar-
get group was differentiated into categories: 17.2% of work-
ers were of administrative category comprising (engineers, 
production managers, and production supervisors), 32.4% 
were of marble processing category comprising (crane 
operators and assistants, polishing workers and assistants, 
and saw machine workers and assistants), 26.4% of the sup-
portive category comprising (machinery technicians, electri-
cal technicians, drivers, carpenters, and packing and loading 
workers), and 24% were of the installation and ornamental 
category workers. Most of the workers (78.4%) had less than 
20 years of experience with range (2–37 years). More than 
half of the workers (75.2%) worked for 8 h/day, and none of 
them was using eye PPE. None of participants had neither 
pre-employment nor periodic medical examination. All the 
workers reported unavailability of environmental monitoring 
and local exhaust ventilation system (dust control measures), 
and all were not following industrial security. Regarding 
general medical history, hypertension was reported among 
(20.8%) of workers, while diabetes was identified among 
(18.0%). About ocular history, encountering ocular foreign 
body was reported among 47.6% of participants, 10.8% had 
eye injuries, and only 8.0% had undergone previous eye 
surgery (Table 1). None of the participants was using eye 
PPE mostly due to unavailability (62%) and the rest due to 
unawareness of its benefit, poor vision with the device, and 
feeling discomfort (18%, 11.2%, and 8.8% respectively).

Important ocular symptoms were identified among 134 
(53.6%) of the participants, while 116 (46.4%) did not 
show any ocular symptoms. Gritty sensation (65.2%) and 
eye dryness (51.2%) were the commonest symptoms fol-
lowed by eye itching (22.8%), blurred vision (20.0%), and 
eye burning (17.6%).  By examination, the following signs 
were detected, conjunctival hyperaemia (59.6%) was the 
most prevalent finding, followed by change in visual acu-
ity (20.0%), pterygium (15.2%), corneal opacity (14.4%), 
pinguecula (4.8%), and cataract (2.4%)was the least preva-
lent sign detected (Fig. 1).

The visual acuity (VA) of the participants was taken 
monocularly. VA of left eyes was significantly better than 
VA of right eyes (p = 0.001) which was analyzed by Wil-
coxon signed rank test (Fig. 2).

Factors that significantly increased risk of occurrence of 
ocular symptoms among the studied participants were work-
ers’ age of 30 to less than 40 years and ≥ 40 years, smoking 
status, secondary/diploma education, working duration for 
20 years or more, working in marble processing category, 
and finally having diabetes (Table 2).

In table 3, factors detected by Schirmer`s test that sig-
nificantly increased risk of developing dry eye  were work-
ers` age of ≥ 40 years, preparatory & secondary/diploma 

education, urban residence, smoking status, working in 
marble processing category, working duration of 10 to 
less than 20 years and for ≥ 20 years, having ocular symp-
toms, hypertension and diabetes and past history of ocular 
foreign body and eye injury. While factors detected by 
tear break up time test that significantly increased risk of 
developing dry eye  were workers` age of 30 to less than 40 
and ≥ 40 years, all educational levels above primary educa-
tion, urban residence, marital status, smoking status, work-
ing duration of 10 to less than 20 years and for ≥ 20 years, 

Table 1  Socio-demographic, occupational characteristics & medical 
history of the studied participants

Items N = 250 %

Age (X` ± SD)
(Range)
20-
30-
 ≥ 40

(33.42 ± 8.30)
(20–54)
91
110
49

36.4
44.0
19.6

Education
Illiterate and primary
Preparatory
Secondary/diploma
University or higher

23
82
109
36

9.2
32.8
43.6
14.4

Marital status
Married
Unmarried

148
102

59.2
40.8

Residence
Rural
Urban

171
79

68.4
31.6

Smoking status
Smoker
Non-smoker

174
76

69.6
30.4

Working category
Administrative workers
Marble production workers
Supportive workers
Installation and ornamental workers

43
81
66
60

17.2
32.4
26.4
24.0

Working experience (years)
Median (Range) 14 (2–37)
˂ 10
10-
 ≥ 20

84
112
54

33.6
44.8
21.6

No. of working hours/day
8 h
10 h

188
62

75.2
24.8

General medical history
Hypertension
Diabetes
Allergy to any substance

52
45
7

20.8
18.0
2.8

Ocular medical history
Eye surgery
Eye injury
Ocular foreign body

20
27
119

8.0
10.8
47.6
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having ocular symptoms, hypertension and diabetes and 
past history of ocular foreign body and eye injury.

Table 4 shows that age, smoking status, working cat-
egory, and diabetes mellitus were the significant predic-
tors of occurrence of ocular symptoms. Working duration, 
presence of ocular symptoms, smoking status, DM, and 
ocular FB were the significant predictors of developing 
dry eye detected by Schirmer’s test, while working dura-
tion, presence of ocular symptoms, and ocular FB were 
the significant predictors of developing dry eye detected 
by break up time test.

Discussion

“Shaq El Tho’ban” industrial area has been known for 
marble industry on international wide scale, but this was 
found to be associated with ocular health problems among 
marble workers. In our study, all the workers were males; 
this could be attributable to the physical nature of work of 
marble industry in which females in Egypt are not involved 
in this nature of work. That was in accordance with Okoye 
and Umeh (2000) as all workers were males in their study. 
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Fig. 1  Ocular symptoms and signs among the studied participants

Fig. 2  Visual acuity of right 
and left eyes of the studied 
participants
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The age distribution indicates that most workers were 
young or middle aged, which was similar to another study 
carried out in Ghana (Koffuor et al., 2012).

Most of the workers (78.4%) worked for less than 20 years 
that agreed with Tetteh et al. (2020) in which (37.4%) of 
workers had working experience of more than 10 years but 
contrasts with report by Ezisi et al. (2017) where workers 
had a working experience of only 5 years or less. Work-
ers who had spent multiple years in the industry are less 

likely to encounter work-related injuries because they are 
experienced, more mature, and more aware about workplace 
hazards. Unfortunately, none of the workers of our study 
was using eye PPE mostly due to unavailability (62%) and 
unawareness of its benefit (18%). As reported by Ezisi et al. 
(2017), only (1.3%) of the participants used eye goggles 
irregularly and the others neglected using it due to unavail-
ability (76.1%) and high cost (10.6%). On the contrary (Kof-
fuor et al., 2012) noted in their study, that (45.7%) of workers 

Table 2  Relation between some 
sociodemographic, occupational 
characteristics and medical 
history and ocular symptoms of 
the studied participants

*Statistically significant p value < 0.05.
**High statistically significant p value < 0.01.

Ocular symptoms COR (CI 95%)

Present
N = 134

Absent
N = 116

No % No %

Age of workers
20- (n = 91)
30- (n = 110)
 ≥ 40 (n = 49)

34
67
33

37.4
60.9
67.3

57
43
16

62.6
39.1
32.7

1.0
2.6 (1.47–4.62)**
3.45 (1.66–7.19)**

Education:
Illiterate and primary (n = 23)
Preparatory (n = 82)
Secondary/diploma (n = 109)
University or higher (n = 36)

8
45
64
17

34.8
54.9
58.7
47.2

15
37
45
19

65.2
45.1
41.3
52.8

1.0
2.28 (0.87–5.9)
2.66 (1.04–6.81)*
1.67 (0.57–4.9)

Residence
Rural (n = 171)
Urban (n = 79)

89
45

52.0
57.0

82
34

48.0
43.0

1.21 (0.71–2.08)

Marital status
Married (n = 148)
Unmarried (n = 102)

85
49

57.4
48.0

63
53

42.6
52.0

0.685 (0.41–1.13)

Smoking status
Smoker (n = 174)
Non-smoker (n = 76)

105
29

60.3
38.2

69
47

39.7
61.8

2.46 (1.41–4.29)**

Working category
Administrative workers (n = 43)
Marble processing workers (n = 81)
Supportive workers (n = 66)
Installation and ornamental workers 

(n = 60)

18
54
26
36

41.9
66.7
39.4
60.0

25
27
40
24

58.1
33.3
60.6
40.0

1.0
2.77 (1.29–5.95)**
0.90 (0.41–1.97)
2.08 (0.93–4.6)

Working duration (years)
˂ 10 (n = 84)
10- (n = 112)
 ≥ 20 (n = 54)

37
59
38

44.0
52.7
70.4

47
53
16

56.0
47.3
29.6

1.0
1.41 (0.80–2.49)
3.01 (1.46–6.23)**

General medical history
Hypertension
  Yes (n = 52)
  No (n = 198)

31
103

59.6
52.0

21
95

40.4
48.0

1.36 (0.73–2.53)

Diabetes
  Yes (n = 45)
  No (n = 205)

38
96

84.4
46.8

7
109

15.6
53.2

6.16 (2.63–14.4)**

Allergy to any substance 6 85.7 1 14.3
  Yes (n = 7)
  No (n = 243)

128 52.7 115 47.3 5.39 (0.63–45.44)
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Table 3  Relation between some sociodemographic, occupational characteristics, medical, and ocular history and dry eye tests’ results*

*Statistically significant (p value ˂ 0.05).
**High statistically significant (p value < 0.01).

Schirmer’s test results OR (CI 95%) Break Up test results COR (CI 95%)

Normal
N = 99

Dry Eye
N = 151

Normal
N = 122

Dry eye
N = 128

No % No % No % No %

Age of workers
20- (n = 91)
30- (n = 110)
 ≥ 40 (n = 49)

43
42
14

47.3
38.2
28.6

48
68
35

52.7
61.8
71.4

1.0
1.45 (0.82–2.54)
2.23 (1.06–4.71)*

57
48
17

62.6
43.6
34.7

34
62
32

37.4
56.4
65.3

1.0
2.16 (1.22–3.8)**
3.15 (1.5–6.5)**

Education
Illiterate and primary (n = 23)
Preparatory (n = 82)
Secondary/diploma(n = 109)
University or higher(n = 36)

15
27
40
17

65.2
32.9
36.7
47.2

8
55
69
19

34.8
67.1
63.3
52.8

1.0
3.81 (1.44–10.11)**
3.23 (1.26–8.29)*
2.09 (0.71–6.16)

19
36
52
15

82.6
43.9
47.7
41.7

4
46
57
21

17.4
56.1
52.3
58.3

1.0
6.06 (1.8–19.4)**
5.20 (1.66–16.3)**
6.65 (1.87–23.5)**

Residence
Rural (n = 171)
Urban (n = 79)

82
17

48.0
21.5

89
62

52.0
78.5

3.36 (1.81–6.21)** 97
25

56.7
31.6

74
54

43.3
68.4

2.83 (1.61–4.96)**

Marital status
Unmarried (n = 102)
Married (n = 148)

47
52

46.1
35.1

55
96

53.9
64.9

1.57 (0.94–2.64) 59
63

57.8
42.6

43
85

42.2
57.4

1.85 (1.11–3.08)

Smoking status
Non-smoker (n = 76)
Smoker (n = 174)

53
46

69.7
26.4

23
128

30.3
73.6

6.4 (3.54–11.61)** 51
71

67.1
40.8

25
103

32.9
59.2

2.95 (1.68–5.2)**

Working category
Administrative (n = 43)
Marble processing (n = 81)
Supportive (n = 66)
Installation and ornamental (n = 60)

19
21
39
20

44.2
25.9
59.1
33.3

24
60
27
40

55.8
74.1
40.9
66.7

1.0
2.26 (1.03–4.93)*
0.54 (0.25–1.19)
1.58 (0.70–3.54)

21
29
43
29

48.8
35.8
65.2
48.3

22
52
23
31

51.2
64.2
34.8
51.7

1.0
0.53 (0.25–1.12)
0.51 (0.23–1.11)
1.02 (0.46–2.23)

Working duration (years)
˂ 10 (n = 84)
10- (n = 112)
 ≥ 20 (n = 54)

49
39
11

58.3
34.8
20.4

35
73
43

41.7
65.2
79.6

1.0
2.62 (1.46–4.69)**
5.47(2.47–12.07)**

57
51
14

67.9
45.5
25.9

27
61
40

32.1
54.5
74.1

1.0
2.52 (1.39–4.55)**
6.03 (2.8–12.9)**

Ocular symptoms
Absent (n = 116)
Present (n = 134)

70
29

60.3
21.6

46
105

39.7
78.4

5.51(3.16–25.1)** 75
47

64.7
35.1

41
87

35.3
64.9

3.38 (2.01–5.69)**

General medical history
Hypertension
  Yes (n = 52)
  No (n = 198)

7
92

13.5
46.5

45
106

86.5
53.5

5.58 (2.39–12.97)** 17
105

32.7
53.0

35
93

67.3
47.0

2.32 (1.22–4.42)**

Diabetes
  Yes (n = 45)
  No (n = 205)

5
94

11.1
45.9

40
111

88.9
54.1

6.77 (2.57–17.8)** 14
108

31.1
52.7

31
97

68.9
47.3

2.46 (1.23–4.9)**

Allergy to any substance
  Yes (n = 7)
  No (n = 243)

1
98

14.3
40.3

6
145

85.7
59.7

4.05 (0.48–34.2) 1
121

14.3
49.8

6
122

85.7
50.2

5.95 (0.7–50.1)

Ocular medical history
Ocular foreign body
  Yes (n = 119)
  No (n = 131)

26
73

21.8
55.7

93
58

78.2
44.3

4.50 (2.58–7.84)** 40
82

33.6
62.6

79
49

66.4
37.4

3.30 (1.9–5.5)**

Eye injury
  Yes (n = 27)
  No (n = 223)

5
94

18.5
42.2

22
129

81.5
57.8

3.20 (1.17–8.77)* 7
115

25.9
51.6

20
108

74.1
48.4

3.04 (1.23–7.48)*

Eye surgery
  Yes (n = 20)
  No (n = 230)

8
91

40.0
39.6

12
139

60.0
60.4

0.98 (0.38–2.49) 8
114

40.0
49.6

12
116

60.0
50.4

1.47 (0.58–3.74)
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used some form of protective eyewear (either sunglasses or 
safety goggles). This result can be attributed to that (42%) 
of workers did not finish secondary education and may have 
inadequate knowledge about health hazards they are exposed 
to at marble industry without wearing personal protective 
equipment (PPE) and the employers did not provide them 
with the PPE they need at some workplaces. That was in 
accordance with similar studies which have reported that 
industrial workers in developing countries lack the knowl-
edge and awareness of the health effects of exposure to work 
site hazards (El-Sersy, 2014; Ramesh and Joseph 2015).

None of the participants had pre-employment ocular 
examination that was nearly similar to a study of stone 
quarry workers’ awareness of work-related ocular health 
hazards in Nigeria (Ezisi et al., 2017); as among 500 work-
ers, only 7 of them had pre-employment examination (1.4%); 
also, Okoye and Umeh (2000) reported that the vast major-
ity in their study did not undergo pre-employment test, 
which indicates much negligence of employers concerning 
implementation of occupational safety and health practices 

specially in developing countries. Unavailability of environ-
mental monitoring and dust control measures, besides all 
workers not following industrial security, revealed absence 
of governmental supervision and employers` dereliction.

Regarding general and ocular medical history, work-
related eye-injury was notified only among 10.8% of work-
ers of our study which were of age group 30 to less than 
40 years. On contrast, there were 32.8% of workers having 
work-related eye injuries as notified by Ezisi et al. (2017). 
Also, on a study of risk factors for work-related eye injuries 
among stone quarry workers (Ezisi, 2019), 64.1% of work-
ers had work-related eye injuries, more injuries occurred in 
the younger age group, and most of them were working for 
5 years or less. There was conflict between the previous stud-
ies and Kanoff et al. (2010) reporting higher injury occur-
rence among older age group mainly from inattention and 
easy fatigability. This wide variation between our study and 
the other studies emphasizes that longer work experience 
reduces incidents of work-related eye injury and ensures 
proficiency. History of ocular foreign body was identified 

Table 4  Binary logistic 
regression analysis for the 
significant predictors of 
occurrence of ocular symptoms, 
dry eye by Schirmer’s test, and 
break up time test

*Statistically significant p value < 0.05.
**High statistically significant p value < 0.01.

B S.E Wald AOR
(CI 95%)

I: Predictors of occurrence of ocular symptoms
Age
20-
30-
 ≥ 40

0.772
2.131

0.364
0.606

12.50
4.49
12.35

1.0
2.16 (1.06–4.41)*
8.42 (2.56–27.6)**

Smoking status 1.095 0.325 11.36 2.98 (1.58 – 5.64)**
Working category
Administrative
Marble processing
Supportive
Installation and ornamental

2.484
1.706
1.391

0.855
0.829
0.846

12.78
8.43
4.23
2.70

1.0
11.99 (2.24–64.12)**
5.50 (1.08–27.9)*
4.02 (0.76–21.11)

DM 1.309 0.489 7.173 3.70 (1.42–9.65)**
II: Predictors of dry eye by Schirmer’s test
Working duration
˂ 10
10-
 ≥ 20

0.836
1.420

0.385
0.510

8.86
4.72
7.75

1.0
2.30 (1.086–4.90)*
4.13 (1.52–11.23)**

Presence of ocular symptoms 1.551 0.350 19.75 4.73 (2.38–9.39)**
Smoking status 1.622 0.373 18.90 5.06 (2.43–10.5)**
DM 1.730 0.652 7.06 5.66 (1.57–20.3)**
Ocular FB 1.501 0.363 17.15 4.50 (2.20–9.17)**
III: Predictors of dry eye by break up time test
Working duration
˂ 10
10-
 ≥ 20

0.725
1.813

0.329
0.423

18.492
4.839
18.409

1.0
2.06 (1.08–3.93)*
6.12 (2.67–14.02)**

Presence of ocular symptoms 1.092 0.291 14.026 2.97 (1.68–5.27)**
Ocular FB 1.350 0.299 20.367 3.85 (2.14–6.93)**
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among 47.6% of workers that was in accordance with Ezisi 
(2019) where foreign body injuries affected 58.2% of stone 
workers and were the most common type of injuries. This 
was consistent with Edema et al. (2009) who also identi-
fied foreign body as the most common type of eye injury in 
industrial workers as general.

Important ocular symptoms were identified among the 
participants: eye burning, eye itching, gritty sensation, eye 
dryness, and blurred vision. This appears reasonable as most 
of the workers were in direct or indirect contact with particu-
late matter and dusty environment that annoy senses causing 
irritation even other than ocular. This can explain that most 
workers were noticed to have a behavior of massive irriga-
tion of affected eyes with clean water following excessive 
contact. It is well known that gritty sensation is one of the 
symptoms of eye dryness, but usually people describe their 
complain in this term (dry eye) which they consider it differ-
ent from (gritty sensation) that they use to describe foreign 
body sensation.

Similar ocular symptoms were identified among stone 
workers in Nigeria (Azuamah et al., 2019) as itching, irri-
tation, sandy sensation, and blurry vision. Also, in Ghana 
(Koffuor et al., 2012), sand and stone workers complained of 
burning sensation, itchy sensation, gritty sensation, blurred 
vision, and photophobia.

By examination, conjunctival hyperemia (59.6%) was the 
most prevalent finding as marble dust is recognized a poten-
tial occupational hazard at marble processing site causing 
ocular irritation predisposing workers to conjunctivitis. This 
can be supported by Rohatgi (2013) who reported conjunc-
tival hyperemia as a consequence of long-term exposure to 
particulates among stone workers.

Other signs include change in visual acuity, pterygium, 
corneal opacity, pinguecula, and cataract. As supported by 
Good Vision for Life (2020), pterygium and pinguecula 
could result from exposure to excessive UV radiation from 
sunlight, dust, and fumes in the environment which resem-
ble the marble industry environment. This corresponds with 
findings of Al-Bdour and Al-Latayfeh (2014) that showed 
a strong positive association between outdoor work and 
the development of pterygium and pinguecula. Similarly, 
another study among stone workers Azuamah et al. (2019) 
identified pterygium, pinguecula, cataract, and conjunctival 
hyperemia. Also, Isawumi et al. (2011) and Erdoğan et al. 
(2011) recognized pterygium and cataract as two major ocu-
lar problems among stone workers. Aliyu and Shehu (2006) 
reported corneal opacity among stone quarry workers who 
did not wear their safety goggles. Moreover, Mantyjarvl 
(2000) reported that cataract was a major problem found 
among industrial workers and it reduced their visual acuity 
and contrast sensitivity.

Although examination showed that many workers had 
normal visual acuity indicating that the working environment 

had minimal effect on the visual status of the workers, there 
were workers with best-corrected visual acuity but did not 
wear glasses for fear of getting broken or dusting of glasses 
by marble dust and cannot afford doing refractive surgery 
or contraindicated due to eye dryness. Best-corrected visual 
acuity means the measurement of the best vision correction 
as measured on the standard Snellen eye chart that can be 
achieved using glasses or contact lenses.

According to the recommendation of the 2007 Report 
of International Dry Eye Workshop (Alshamrani et  al., 
2017), to combine subjective symptoms with objective clini-
cal tests to confirm dry eye diagnosis, we performed tests 
of tear function to confirm the symptoms complained by 
workers which suggest dry eye disease (DED). Prevalence 
of DED was found to be 60.4% diagnosed by Schirmer’s 
test (ST) indicating lack of aqueous tear secretion by the 
lacrimal glands while by break up time test (TBUT) was 
51.2% indicating tear film instability. However, Alshamrani 
et al. (2017) reported prevalence of (32.1%) in Saudi Arabia, 
which was lower than the prevalence reported by our study. 
This variation results from many factors; the most important 
is different target groups as our participants were workers, 
while in the other study, they were public population not 
exposed to the same climatic conditions and occupational 
risk factors our participants were exposed to that certainly 
had affected their ocular status.

There were multiple risk factors that significantly 
increased risk of developing ocular symptoms and dry eye; 
age of workers was a significant risk factor as with increas-
ing age; the risk of developing ocular symptoms and dry eye 
detected by both ST and TBUT increased. That agrees with 
de Paiva (2017) which declared that aging is a significant 
risk factor for dry eye, and according to Schaumberg et al. 
(2009), tear dysfunction has been found to increase with age 
from the 4th to 8th decade of life. Also, proved by (Sledge 
et al., 2017) that tear film stability decreases with advanc-
ing age which manifests as decreased value of tear break 
up time. Educational levels higher than primary education 
were significant risk factor for developing ocular symptoms 
and dry eye detected by both low ST and TBUT values; this 
can be explained that educated workers feel self-confident 
or arrogant that make them not interested or careless about 
commitment to safety precautions, using eye PPE and guard-
ing against workplace hazards.

Urban residence was a significant risk factor of develop-
ing dry eye more than rural residence, and their prevalence 
were 78.5% and 68.4% detected by low ST and TBUT val-
ues respectively, while residence had no effect on ocular 
symptoms development. Similarly, Titiyal et al. (2018) and 
Donthineni et al. (2019) found that 65.02% and 59% of dry 
eye patients respectively were from urban localities. This can 
be justified by multiple sources of air pollution in densely 
populated cities which are considered risk factors of DED 
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as automobiles and industrial facilities Saxena et al. (2003). 
Moreover, Aziz and Tawfik (2020) noticed that urban areas 
where they conducted their study were contributing factors 
to the more air pollution exposure than the other studied 
populations. Additionally, Gupta et al. (2002) demonstrated 
the effect of air pollution on DED in urban areas of Delhi, 
where tear film instability occurred after long-term exposure 
to atmospheric pollutants.

In our study, smoking was a highly significant risk factor 
of developing ocular symptoms and dry eye detected by low 
ST and TBUT values; also in Titiyal et al. (2018), cigarette 
smoking was identified as a significant risk factor (OR = 1.5) 
for severe dry eye disease. Besides (Aziz and Tawfik (2020) 
recorded statistically significant association between DED and 
smoking. As proved by (Altinors et al., 2006) who reported 
that smoking damages the lipid layer of the precorneal 
tear film by process of lipid peroxidation causing tear film 
instability, leading to symptoms of DED.

Workers in marble processing category were 3 times 
(OR = 2.77) at risk of developing ocular symptoms and 2 
times (OR = 2.26) at risk of developing dry eye detected by 
low ST values more than other working categories. This can 
be explained by the working conditions of  marble process-
ing workers compared to other working categories as they 
are directly and continuously exposed to the process and 
multiple risk factors as dust, crushed pieces of stone and 
heavily polluted environment (during loading/unloading of 
huge blocks by crane operators, marble cutting using dia-
mond wires or a gang saw under water stream or electric saw 
in workshops or during polishing either automatic or man-
ual) which led to development of those symptoms and affec-
tion of aqueous tear production by lacrimal glands. While 
working category had no significant  association with low 
TBUT values which indicates that working category is not 
significantly associated with tear film instability.

Working duration for 20 years or more was a significant 
risk factor of developing ocular symptoms and dry eye 
detected by both low ST and TBUT values; this is reasonable 
due to prolonged continuous exposure to multiple hazards at 
workplace, so with increasing duration of exposure, risk of 
developing ocular symptoms and dry eye increased.

Hypertensive workers were at risk of dry eye detected 
by both low ST and TBUT values; this can be explained 
by the finding of Akcay et al. (2015) that the use of anti-
hypertensive drugs containing ACE (angiotensin converting 
enzyme) inhibitors used in treatment of hypertension can 
cause DED. Also, Al Houssein et al. (2017) documented in 
their study that prevalence of dry eye syndrome in hyperten-
sive patients was 48% which support our findings. Diabetic 
workers also were at risk of developing ocular symptoms 
and dry eye detected by both low ST and TBUT values; this 
can be supported by Jeganathan et al. (2008) who declared 
a range of ocular diseases associated with diabetes rather 

than diabetic retinopathy with subsequent ocular symptoms 
(blurry vision, conjunctival hyperemia, eye itching). It also 
agrees with Ozdemir et al. (2003) who found that TBUT and 
ST values were significantly lower in diabetic patients and 
Kamel et al. (2017) who concluded that diabetic patients are 
more prone to suffering from dry eye than normal people as 
diabetes and dry eyes appeared to be linked.

In addition, diabetes has also been identified as one of 
the most important systemic risk factors for DED (Zhang 
et al., 2016).

Ocular foreign body was identified to be a highly sig-
nificant risk factor of dry eye detected by both low ST and 
TBUT values; this can be justified by corneal abrasions 
caused by corneal foreign bodies that lead to alterations in 
tear production. This agrees with Hegarty et al. (2018) who 
found that abrasion would affect tear production at time fol-
lowing injury in the form of extensive observed blinking that 
may have produced reflex tears that would have masked a 
decrease in normal tear production caused by corneal nerve 
damage.

Eye injury was found to be significant risk factor of dry 
eye detected by both low ST and TBUT values; this con-
curs with Ang et al. (2001) who reported that corneal abra-
sions can trigger dry eye symptoms, including defects in 
tear production.

By multivariate logistic regression analysis, workers’ age 
of 30 to less than 40 years and ≥ 40 years, marble processing 
and supportive working categories, smoking, and diabetes were 
the most important significant predictors for development of 
ocular symptoms among marble workers. Some of supportive 
category workers (machinery technicians, electrical 
technicians) were working at marble processing site together 
with marble processing workers and exposed to the same 
hazards continuously, so they were at less risk of developing 
ocular symptoms (adjusted OR = 5.5) caused by marble dust 
and airborne particulates, while marble processing workers 
were at greater risk (adjusted OR = 11.99). Regarding dry eye, 
regression showed that working duration of 10 to less than 
20 years and ≥ 20 years, diabetes mellitus, presence of ocular 
symptoms, and history of ocular FB were the most significant 
predictors for dry eye detected by Schirmer’s test, while the 
most significant predictors for dry eye detected by break up 
time test were the same as ST except for smoking and diabetes. 
Furthermore, data suggests that past history of ocular FB 
(which is common among workers at marble industry) was a 
significant predictor of DED among marble workers.

Conclusion

Although the work environment of marble industry almost 
had minor impact on visual acuity, it has significant impact 
on ocular function which later could affect the vision. 
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According to the current study, workers suffer from vari-
ety of ocular problems mostly eye dryness and conjunctival 
hyperemia, which is a common sign of acute anterior inflam-
mation, that comply with lack of environmental dust control 
measures at workplace besides non-usage of eye PPE which 
could have prevented or minimized these ocular problems.

Recommendations

Implementation of engineering control methods such as 
enclosure of dust-producing processes under negative air 
pressure (minor vacuum compared to the air pressure outside 
the enclosure)  and installation of local exhaust air ventila-
tion system which removes air containing dust through a 
collection system before releasing it into the atmosphere. 
For the safety of workers, cutting and polishing machinery 
must be improved. Employers should supply eye PPE that 
is properly designed to suit the climatic working conditions 
and reduce discomfort of the workers. Before being hired, 
workers should have a pre-employment medical examination 
and should undergo periodic screening. Regular examination 
of diabetic workers is indicated for detecting ocular surface 
disorders.

Workers should have information about health risks, 
appropriate working conditions, personal hygiene, and 
preventive measures. Prospective longitudinal research in 
environmental and occupational medicine is required to 
improve the perception and diagnostic approach to ocular 
damage caused by environmental and occupational factors 
which may help in development of preventive measures for 
preventing occupational diseases and in using occupational 
surveillance to counteract advancing age-related ocular 
impairment.

Study limitations

Some of the crucial variables, such as the history of an 
ocular foreign body or an eye injury, may be influenced by 
information bias or recall bias. Non-performance of pre-
employment eye tests for all workers made it difficult or even 
impossible to determine their pre-employment ocular status 
which would have served as a baseline for comparison. If 
such records had been available, reports of any workplace 
industrial injuries would have been confirmed. There was no 
comparison group to use.
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