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Abstract

Background and aims: Understanding the importance of using personal protective

equipment (PPE) and the influence of work-post (working distance to main dust

source—crusher) in stone quarries is vital for designing tailored interventions in mini-

mizing workers' exposure to silica dust. Nonetheless, studies on silica dust and dis-

ease symptoms in Ghana are nascent. This study assessed how work-post and use of

required PPE jointly influence exposure to silica dust and disease symptoms in

Ghana.

Methods: Generalized linear models (complementary log-log regression) were fitted

to cross-sectional survey data of 524 stone quarry workers in Ghana to assess the

joint effect of work-post and PPE usage on self-reported disease symptoms while

controlling for relevant compositional and contextual factors.

Results: Stone quarry workers who work between 1-100 m and beyond 100 m from

the crusher with the required PPE were 90% and 87% respectively less likely to

report eye irritation compared with their counterparts who work between 1 and

100 m from the crusher without the required PPE. Individuals who work between

1-100 m and beyond 100 m from the crusher with the required PPE were 94% and

95% respectively less likely to report breathing difficulty compared with the refer-

ence group. Workers who work between 1-100 m and beyond 100 m from the

crusher with the required PPE were 97% and 99% respectively less likely to report

coughing compared with the reference group. Workers who work between 1-100 m

and beyond 100 m from the crusher with the required PPE were 93% and 97%

respectively less likely to report common cold compared with their counterparts who

work between 1 and 100 m from the crusher without the required PPE.

Conclusion: There are adverse health implications for people who work in silica dust

polluted environments, suggesting the need for a national safety and health policy to

target them.

K E YWORD S

disease symptoms, Ghana, occupational, self-reported, silica dust, stone quarry

Received: 20 April 2020 Revised: 7 August 2020 Accepted: 2 September 2020

DOI: 10.1002/hsr2.189

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2020 The Authors. Health Science Reports published by Wiley Periodicals LLC.

Health Sci Rep. 2020;3:e189. wileyonlinelibrary.com/journal/hsr2 1 of 11

https://doi.org/10.1002/hsr2.189

https://orcid.org/0000-0003-2508-4514
https://orcid.org/0000-0002-3437-1673
https://orcid.org/0000-0003-1381-8189
https://orcid.org/0000-0002-0787-7951
https://orcid.org/0000-0003-3284-1149
mailto:dzifa.hesag@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/hsr2
https://doi.org/10.1002/hsr2.189


1 | INTRODUCTION

One of the major causes of occupational disease in the world is expo-

sure to respirable crystalline silica (RCS). Globally, millions of industrial

workers are exposed to silica dust. In China, an estimated 23 million

workers are exposed to silica dust while in India, about 10 million

workers are exposed.1 Similarly, in the United States, 2.3 million

workers are estimated to be exposed to silica dust with 1.85 million of

them in the construction sector.2 Recent studies have shown

increased morbidity and mortality among silica-exposed workers.1 In

Britain, nearly 800 people die every year from lung cancer and about

7000 people suffer from lung cancer annually in Europe as a result of

inhaling RCS at work.1 Mwaiselage et al,3 found in their study that

chronic cough and work-related shortness of breath are associated

with cumulative silica dust exposure.

Crystalline silica refers to the chemical compound silicon dioxide

(SiO2), which occurs in a crystalline or non-crystalline (amorphous)

form. The amorphous form of silica is less hazardous compared with

the crystalline form.4 Crystalline silica is one of the most abundant

minerals in the earth's crust.4-6 It is present in almost all types of rock,

sand, clay, shale, gravel as well as products such as bricks, tiles, con-

crete, and some plastic composites.7-10 The main forms of crystalline

silica are quartz, cristobalite, and tridimite. Silicon dioxide is most

prevalent in the mineral quartz. The toxic form of crystalline silica is

less than 5 μm in size and is called RCS.1 RCS is one of the oldest and

most dangerous workplace hazards in the world and is a known

human carcinogen.5,11,12 High concentrations can be inhaled unknow-

ingly due to its very fine form. When inhaled, RCS causes serious

damage to the lung when it reaches the extremities of the lung and

penetrate deep into it in sufficient quantity.2,6,11,12 Even though crys-

talline silica is hazardous, it is also of great economic importance

because it is a valuable raw material for many industrial and

manufacturing processes. Precision casting, fiber-optic cables, raw

material for computer chips, petroleum extraction are some of the

uses of crystalline silica.13

Silica dust is a major environmental and health issue in many

quarries14 especially in developing countries including Ghana. A study

by Scarselli et al,15 revealed that exposure to crystalline silica is most

common in quarries, construction, and the mining industry. Quarry

operations that are sources of dust include drilling, cutting, crushing,

breaking, blasting, grinding, and loading. Quarry workers' distance

away from the crusher (main dust source) and the use of required

PPEs are important in determining the magnitude of dust exposure.

Crushing is the most significant dust source in stone quarries and dust

concentration decreases with increasing distance away from the

crusher.16-18 Quarry workers are faced with varying concentrations of

silica dust depending on the working location. A high degree of respi-

ratory morbidity and eye problems are associated with the stone

quarry industry due to the dusty nature of quarry environments. The

adverse health effects of working in the stone quarry industry have

been well documented.4,19-23 Some of the adverse health outcomes

mostly experienced by stone quarry workers include eye irritation,

breathing difficulty, coughing, and common cold. One way to protect

oneself against the risks associated with silica dust exposure is by

using the required protective equipment during quarrying operations.

All silica-related diseases are preventable when the appropriate

exposure control measures are applied. Protecting workers from silica

dust exposure can be achieved through various exposure control mea-

sures.5 This can be achieved through eliminating tasks that expose

workers to silica dust, substituting crystalline silica materials with non-

crystalline silica materials, using engineering controls such as water

spray or local exhaust ventilation, limiting workers access to areas of

high RCS concentration and using PPE.24 When an organization

exhibits good safety culture, it reflects in the safety attitude of the

workers. In such working environments, workers are less likely to take

health and safety risks. However, workers who find themselves in

organizations that exhibit poor organizational safety culture are more

likely to have a careless attitude toward health and safety. While it is

the responsibility of organizations to provide safe and healthy working

environments, it is also the responsibility of workers to follow the laid

down safety rules and procedures of the organization to avoid acci-

dents, injuries and work-related diseases.

Many empirical studies have assessed the health implications of

silica dust exposure and the use of required PEE separately. Sairanen

and Rinne17 observed that dust concentration in stone quarries

decreases with increasing distance from the main dust source. The

study also mentioned that variation in dust concentration is high

within distances ranging from 10 to 200 m. Arcury et al,25 and Reed

et al,26 posited that wearing job-appropriate PPE is important for

decreasing high rates of occupational injury, accidents, and diseases

among workers. Even though existing studies have looked at these

phenomena separately, there exists a critical knowledge gap in under-

standing the joint effect of work-post and PPE usage on self-reported

disease symptoms of stone quarry workers. Knowledge about the

joint effect of work-post and PPE usage is important for developing

strategies relevant for addressing the causes of silica-dust-related dis-

ease symptoms and diseases among quarry workers. In this study, we

assessed the joint effect of work-post (working distance to the

crusher) and PPE usage on self-reported disease symptoms of stone

quarry workers while controlling for relevant compositional contextual

factors.

2 | MATERIALS AND METHODS

2.1 | Study area

The study was carried out in the southern part of Ghana where most

of the stone quarry sites in the country are located. The five regions

selected for this study are noted for quarry activities among the eight

regions in southern Ghana. With the exception of Greater Accra

Region where we selected six quarry sites from one community (Shai

Hills) for data collection, all the other four regions had three communi-

ties selected with two sites in each of the community—Central

(Yeresunkwa, Ojobi, Opeikuma), Western (Sekondi, Shama, Beposo),

Eastern (Nsawam, Klo-Begoro, Yilo Krobo), and Ashanti (Barekese,
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Mpobi, Afrancho Buoho). The geographical locations of the study sites

are presented in Figure 1.

2.2 | Data collection and sampling procedure

This study is part of a research project that assessed the human health

risks of occupational exposure to silica dust by stone quarry workers

in Ghana. In all, 30 stone quarries were visited in the five regions for

data collection from May 2018 to February 2019. A total of 600 ques-

tionnaires were administered to 20 workers in each quarry site how-

ever, 524 filled questionnaires were retrieved from the participants.

Even though all participants agreed to take part in the study, 76 did

not return their questionnaires. Participants were recruited through a

random sampling method. In each quarry site, workers were assigned

numbers and a random number generator was used to select

20 workers. Participants of the study were 18 years and above.

Before the commencement of the study, the survey instrument was

subjected to content validity test to ensure that it included all the

items that are essential and eliminates undesirable items. The judg-

mental approach was used to establish content validity through litera-

ture reviews and evaluations by experts. A pretest was conducted on

a smaller sample (60 respondents) to identify errors associated with

the survey instrument and also assess response latency. Internal con-

sistency of the survey instrument was assessed using cronbach alpha

before the actual survey was conducted. After the survey, follow up

visits were made to one quarry site in each region to assess the reli-

ability of the responses.

All the procedures carried out in the study were in accordance

with the ethical standards of the Minerals Commission of Ghana. A

prior permission was obtained from the management of the quarries

visited, the aim and details of the study were also explained to them.

Oral and written consent was obtained from all the participants

before the study. Participants were neither coerced nor financially

induced to take part in the study, we explained that their participation

was voluntary. They were also informed that the information provided

will contribute to the improvement of safety culture in the stone

quarry industry in Ghana.

3 | MEASURES

3.1 | Response variables

The dependent variables considered in this study were eye irritation,

breathing difficulty, coughing, and common cold. For each disease

symptom, respondents were asked if they often experience any of the

symptoms since they started working in the stone quarry industry.

The dichotomous response was coded as 0 (for no) and 1 (for yes).

3.2 | Key predictor variable

The key independent/explanatory variable was selected based on lit-

erature, parsimony, practical significance, and theoretical relevance.

The key explanatory variable was derived from combining two vari-

ables (working distance to the crusher and wearing of required PPE).

This produced the predictor variable called “work-post PPE usage”

with four mutually exclusive groups: 1-100 m without PPE, 1-100 m

with PPE, above 100 m without PPE, and above 100 m with PPE. Sai-

ranen and Rinne17 in their study on dust emission from crushing of

hard rock aggregates concluded that variation in dust concentration is

F IGURE 1 A map showing the
communities in which the quarry sites are
located in the five selected regions
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high within distances ranging from 10 to 200 m from the main dust

source. They also observed in their study that crushing is the most sig-

nificant dust source in stone quarries. Based on literature, we consid-

ered individuals who work within high dust concentration distances

(10-200 m) for the study. The study considered individuals who work

between 1 and 100 m from the main dust source and workers who

work beyond 100 m from the main dust source.

3.3 | Compositional and contextual factors

Compositional factors refer to biosocial and socio-cultural characteris-

tics of the stone quarry workers. Biosocial factors include age, sex,

race, and ethnicity while socio-cultural factors include marital status,

income, education, occupation, and religion among others.27,28 Con-

textual factors are location-specific opportunities in a region or a

place.29 In this study, the compositional factors included age (young

adult: less than 35 years, middle-aged adult: 35-55 years), education

(no formal education, secondary/higher), household size (small: 1-5,

medium: 6-10), family status (head, member), marital status (single,

married, divorced). The contextual factor was region of residence

(Central, Western, Greater Accra, Eastern, and Ashanti).

3.4 | Data analyses

The data were subjected to univariate and multivariate statistical ana-

lyses to examine the relationships and proportions between factors

that influence self-reported disease symptoms while controlling for

theoretically relevant compositional and contextual factors. All statis-

tical analyses were performed using Stata 14 (StataCorp, College Sta-

tion, Texas) SE software.

3.5 | Univariate analyses

Univariate analyses of predictors of self-reported disease symptoms

were carried out using Pearson chi-square and Cramer's V statistic.

Pearson chi-square was used to test the association between categor-

ical variables. It is used to estimate if two or more groups of samples

are independent or not. Cramer's V statistics assess the strength of

association among categorical variables.30 The univariate results out-

put was presented as a contingency table. Statistical significance of

0.05 was set for all analyses with a confidence interval of 95%.

3.6 | Multivariate analyses

The relationship between self-reported disease symptoms and work-

post PPE usage was determined using complementary log-log regres-

sion models and reported as exponentiated coefficients or odds ratios

(OR). An OR of 1 means that the predictor does not affect the odds of

reporting a specific disease symptom; OR >1 means that the predictor

is associated with higher odds of reporting a specific disease symp-

tom; and OR <1 implies that the predictor is associated with lower

odds of reporting a specific disease symptom. Compositional (age,

ethnicity, education, household size, family status, marital status, reli-

gion) and contextual variable (region of residence) that have been

suggested in literature to affect self-reported disease symptoms were

controlled for in the models.

There are a number of model options under the assumption of a

binary response (no = 0, yes = 1) to each disease symptom: logit

model, probit model, complementary log-log model, and negative log-

log model depending on the link function of the GLM. Unlike logit and

probit, the complementary log-log function is asymmetrical. The link

function of this model is suitable for binary outcomes that are asym-

metrical. Complementary log-log model takes into account the fact

that affirmative responses are more probable and gives a better repre-

sentation. The model was used for the analyses of the relationship

between the odds of reporting headache, eye irritation, breathing dif-

ficulty, coughing, common cold, and theoretically relevant variables

because 55% or more of the responses were affirmative, satisfying

the assumption for the model.31 Eye irritation (42% no, 58% yes),

breathing difficulty (26% no, 74% yes), coughing (19% no, 81% yes),

and common cold (20% no, 80% yes). The regression models used in

this study are built under the assumption of independence of subjects,

but the cross-sectional survey has a hierarchical structure with

respondents nested within the survey clusters, which could potentially

bias the standard errors (SE).32-34

4 | RESULTS

4.1 | Descriptive analyses

Self-reported disease symptoms across the study regions are

shown in Figure 2. A large number of stone quarry workers in this

study have experienced disease symptoms associated with silica

dust exposure (eye irritation, breathing difficulty, coughing, and

common cold) at one point during their working time in the stone

quarry sector. Eastern region recorded the highest (22%) likeli-

hood of experiencing eye irritation while Central region recorded

the lowest (17%).

Breathing difficulty was highest among quarry workers from

Greater Accra and Eastern regions with both regions recording 21%.

Reported cases of coughing was highest (23%) in the Eastern region.

Common cold was also investigated in this study. Results from Figure 2

shows that common cold was highest in three regions; regions; Greater

Accra, Ashanti, and Eastern with all recording 22%. The descriptive sta-

tistics suggest that there is a growing number of stone quarry workers

in Ghana suffering from silica-dust-related disease symptoms which has

dire health implications.

Figure 3 shows the percentage of stone quarry workers who were

committed to wearing the required PPE at the workplace. The

descriptive results revealed that majority of stone quarry workers in

Ghana do not wear PPE at work. This is a worrying development due
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to the risk associated with silica dust exposure. All the study regions

performed poorly when it came to workers commitment to wearing

the required PPE for quarrying activities. The region that had the

worst record was Ashanti, 92% of the workers did not wear PPE. The

proportion of workers who did not wear PPE during quarrying in the

other regions is as follows; Eastern (91%), Western (89%), Greater

Accra (88%), and Central (87%). These outcomes show that there is a

huge safety culture gap particularly on the use of PPE by workers in

the stone quarry sector.

4.2 | Univariate analyses

Results for the univariate analyses are provided in Table S1. The Pear-

son chi-square statistic rejected the hypothesis that work-post-PPE

usage is independent of self-reported disease symptoms. This means

that there is a relationship between work-post PPE usage and

reported disease symptoms. Cramer's V statistics (Table S1) show a

strong relationship between work-post PPE usage and self-reported

disease symptoms. The results (Table S1) revealed a weak relationship

between age and eye irritation, region also had a weak association

with common cold. All the other covariates had no association with

any of the self-reported disease symptoms.

The strength of the association between disease symptoms and

work-post PPE usage based on Cramer's V statistic in decreasing order

of magnitude, are as follows: coughing > common cold > breathing diffi-

culty > eye irritation.

4.3 | Multivariate analyses

Three models were developed at the multivariate level for eye irrita-

tion, breathing difficulty, coughing, and common cold; work-post PPE

usage and biosocial factors (model 1), socio-cultural factors (model 2),

and contextual factors (model 3) to assess how they cumulatively

influenced exposure to silica dust-related air pollutants and disease

symptoms. Results for models 1 and 2 are provided in the Table S2-S5

and results for model 3 are presented in Table 1.

4.4 | Relationship between work-post PPE usage
and eye irritation

Under biosocial factors (Table S2), workers who work between 1 and

100 m from the crusher with the required PPE were 90% less likely to

report eye irritation. Quarry workers who work beyond 100 m from
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the crusher with the required PPE were 87% less likely to report eye

irritation compared with their counterparts who work between 1 and

100 m from the crusher without the required PPE. Middle-aged adults

were 37% less likely to report eye irritation compared with the young

adult group.

When socio-cultural factors were controlled for in model

2 (Table S2), the relationship between work-post PPE usage and expe-

rience of eye irritation remained statistically significant. Workers who

work between 1 and 100 m and beyond 100 m from the crusher with

the required PPE were 90% and 87% less likely to report eye irritation

respectively compared with those who work between 1 and 100 m

from the crusher without the required PPE. The direction and magni-

tude of the odds of reporting eye irritation persisted when age was

controlled for in this model. Middle-aged adults were 49% less likely

to report eye irritation compared with those in the young-adults

group. However, educational attainment, household size, family sta-

tus, and marital status were not significant predictors of eye irritation.

Just like it was observed in the biosocial and socio-cultural

models, the relationship between work-post PPE usage and experi-

ence of eye irritation remained robust in the third model (Table 1) in

which contextual factors were added. Workers who work between

1-100 m and beyond 100 m from the crusher with the required PPE

were again 90% and 87% respectively less likely to report eye irrita-

tion compared with their counterparts who work between 1 and

100 m without the required PPE. The relationship between age and

eye irritation persisted under this model following the previous trends.

Middle-aged adults were 48% less likely to report eye irritation com-

pared with young adult workers. Again, educational attainment,

household size, family status, marital status, and region did not predict

eye irritation in the socio-cultural model.

4.5 | Relationship between work-post PPE usage
and breathing difficulty

In model 1(Table S3), stone quarry workers who work between

1-100 m and beyond 100 m from the crusher with the required PPE

were 94% and 95% respectively less likely to report breathing diffi-

culty compared with individuals who work between 1 and 100 m from

the crusher without the required PPE. Individuals in the middle-aged

adult category were 26% less likely to report breathing difficulty com-

pared with the young adult group.

Model 2 controlled for socio-cultural factors (Table S3). The rela-

tionship between work-post PPE usage and experience of breathing

difficulty remained robust under this model. Workers who work

between 1 and 100 m and beyond 100 m from the crusher with the

required PPE were 94% and 95% less likely to report breathing diffi-

culty compared with those who work between 1 and 100 m from the

crusher without the required PPE. Unlike the biosocial model where

age predicted breathing difficulty, the relationship was not statistically

significant in this model. Also, educational attainment, household size,

family status, and marital status did not predict breathing difficulty in

this model.

The odds observed in model 2 for the relationship between work-

post PPE usage and the likelihood of reporting breathing difficulty

persisted in model 3 (contextual model; Table 1). Individuals who work

between 1 and 100 m and those who work beyond 100 m from the

crusher with the required PPE were 94% and 95% respectively less

likely to report breathing difficulty compared with their counterparts

who work between 1 and 100 m from the crusher without the

required PPE. However, age, educational attainment, household size,

family status, marital status, and region did not predict breathing diffi-

culty under this model.

4.6 | Relationship between work-post PPE usage
and coughing

After controlling for biosocial factors in model 1 (Table S4), the results

show that stone quarry workers who work between 1-100 m and

beyond 100 m from the crusher with the required PPE were 96% and

98% respectively less likely to report coughing compared with those

who work between 1 and 100 m from the crusher without the

required PPE. However, the relationship between age and coughing

was not statistically significant in this model.

When socio-cultural factors were control for in model 2 (Table S4),

the relationship between stone quarry workers and the likelihood of

reporting coughing was still robust. Respondents who work between

1-100 m and beyond 100 m from the crusher with the required PPE

were 97% and 99% respectively less likely to report coughing com-

pared with individuals who work between 1 and 100 m from the

crusher without the required PPE. Unlike in the biosocial model, age

significantly predicted coughing in the socio-cultural model. Individ-

uals in the middle-aged category were 46% less likely to report

coughing compared with their counterparts in the young adult group.

Educational attainment, household size, family status, and marital sta-

tus were not significant predictors of coughing in the socio-cultural

model.

Geographical region was controlled for in model 3 (Table 1). Stone

quarry workers who work between 1-100 m and beyond 100 m from

the crusher with the required PPE were 97% and 99% respectively

less likely to report coughing compared with the reference group. The

relationship between age and coughing remained robust and persisted

under this model. Middle-aged adults were 47% less likely to report

coughing compared with young adult workers. However, educational

attainment, household size, family status, marital status, and region

were not significant predictors of coughing under the contextual

model.

4.7 | Relationship between work-post PPE usage
and common cold

Bio-social factors were controlled for in model 1 (Table S5). The

results revealed that stone quarry workers who work between

1-100 m and beyond 100 m from the crusher with the required PPE
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were 92% and 96% respectively less likely to report common cold

compared with those who work between 1 and 100 m from the

crusher without the required PPE. Age was not a significant predictor

of common cold under this model.

When socio-cultural factors were accounted for in model

2 (Table S5), the relationship between work-post PPE usage and com-

mon cold remained robust and persisted in this model. Stone quarry

workers who work between 1-100 m and beyond 100 m from the

crusher with the required PPEs were 93% and 96% respectively less

likely to report common cold compared with those who work

between 1 and 100 m from the crusher without the required PPE.

Just like in the bio-social model age was not a significant predictor of

common cold in this model. Other variables that did not predict com-

mon cold under this model were educational attainment, household

size, family status, and marital status.

Contextual factor (region) was controlled for in model 3 (Table 1).

Just like in the socio-cultural model, the relationship between work-

post PPE usage and common cold remained robust in this model. Stone

quarry workers who work between 1-100 m and beyond 100 m from

the crusher with the required PPEs were 93% and 97% respectively

less likely to report common cold compared with their counterparts

who work between 1 and 100 m from the crusher without the

required PPE. Following the trend from the biosocial and socio-cultural

models, age, educational attainment, household size, family status, and

marital status were not significant predictors of common cold. Except

for Ashanti region, there was no statistically significant relationship

between the four other regions (Central, Western, Eastern, and

Greater Accra) and the likelihood of experiencing common cold.

Workers in the Ashanti region were 86%more likely to report common

compared with their counterparts in the Central region.

5 | DISCUSSION

This study evaluated the joint effect of work-post (distance to main

dust source—crusher) and the use of required PPE on self-reported

disease symptoms of stone quarry workers in Ghana. Armah et al,34

posited that health outcomes can be measured as subjective or per-

ceived health status (self-rated health). Adverse effects of silica dust

exposure on the health of workers in silica-exposed work environ-

ments are a matter of importance, particularly in developing countries

like Ghana where workers may be subjected to high exposure levels

at industrial sites. Our findings provide strong evidence that short-

term and long-term silica dust exposure is associated with adverse

health outcomes such as eye irritation, breathing difficulty, coughing,

and common cold among Ghanaian stone quarry workers. Studies that

considered the joint effect of working distance to a stone crusher

(where a majority of the silica dust is generated) and the use of required

PPE on adverse health outcomes of stone quarry workers in developing

countries have generally been unreported. There is a health and safety

disadvantage to people who work in silica dust polluted environments.

People engaged in stonework, masonry, and construction work are highly

exposed to silica dust and are likely to suffer adverse health effects

associated with silica dust exposure.15 It has been widely reported that

occupation influences health outcomes.4,20,35-37

The findings of this study give a strong indication of the influence

of the joint effect of work-post and PPE usage (work-post PPE usage)

on the likelihood of stone quarry workers experiencing disease symp-

toms (eye irritation, breathing difficulty, coughing, and common cold).

Work-post PPE usage significantly predicted all the four disease

symptoms in all the three models, that is, biosocial, socio-cultural, and

contextual models. Based on our findings, stone quarry workers who

protected themselves appropriately with the required PPE and were

either close or far away from the crusher (main dust source) are at a

lower risk of experiencing any of the disease symptoms (eye irritation,

breathing difficulty, coughing, and common cold) than those who did

not protect themselves irrespective of the distance from which they

worked from the crusher. This finding agrees with the study con-

ducted by Rongo et al,38 on occupational exposure and health prob-

lems among small-scale industry workers in Dar es Salaam, Tanzania

which found that workers who did not wear PPE and were exposed

to dust and fumes reported health complains related to their work.

Neves et al,39 in their study reported that adherence to PPE usage is

determined by individual safety values and beliefs. Several studies

have found that stone crushing is the main source of dust in stone

quarries.16-18 This was observed in the quarries visited. Proximity to

the crusher only poses a risk to workers who do not use the required

PPE. Workers who work further away from the crusher and do not

use the required PPE have a higher chance of experiencing adverse

health outcomes than those who work closer to the crusher and wear

the required PPE. This outcome is an indication that the long-held

perception that the further away one works from the main dust

source (crusher) particularly without wearing PPE, the more the per-

son is protected against silica-dust related ailments is incorrect. It has

been reported that respirable silica dust produced by industrial pro-

cesses poses a potential risk to people working within meters in that

environment for years without protection.13 These findings give cre-

dence to the fact that protecting oneself with PPE against silica dust

exposure has huge health and safety benefits.

Our findings also established a significant relationship between

age and the likelihood of experiencing eye irritation in the biosocial,

socio-cultural, and contextual models, however, there was no relation-

ship between age and common cold in all three models. The findings

show that stone quarry workers who are within the middle-aged adult

group (35-55 years) have a lower chance of experiencing eye irritation

than young adult (below 35 years) workers. This outcome indicates a

positive and significant impact of age on the likelihood of stone quarry

workers experiencing eye irritation. As the age of the quarry worker

increases, the likelihood of experiencing eye irritation decreases. This

could be because older workers were more safety conscious and so

more committed to protecting their eyes with safety goggles/protec-

tive eyewear during quarrying operations than their younger counter-

parts. This is consistent with a study by Forrest et al,40 that reported

very few young adults using eye protection compared to their older

counterparts while engaging in activities that could cause an eye

injury. A study conducted by Lombardi et al,41 on factors influencing
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worker use of personal protective eyewear also found that younger inex-

perienced workers are less likely to use PPE. Laying more emphasis on

eye safety in stone quarries might help increase the use of protective

eyewear in this age group. Generally, older workers exhibit a better atti-

tude toward safety and health at work than younger workers. Armah

et al,42 asserted that older workers are more cautious and less risk-taking

when it comes to safety and health. Reports have shown that young

people do not mind working in high-risk environments because they con-

sider themselves physically healthier and stronger than older workers

meanwhile younger workers lack experience and maturity when it comes

to work and its associated safety and health risks.43 Age also had a signif-

icant association with the likelihood of workers experiencing breathing

difficulty but only in the biosocial model. The findings show that middle-

aged adults experienced less breathing difficulty than young adults in the

biosocial model suggesting that biosocial factors influence the likelihood

of experiencing breathing difficulty. However, age did not have any sig-

nificant relationship with the likelihood of experiencing coughing in the

biosocial model but had a significant association in the socio-cultural and

contextual models. This implies that socio-cultural and contextual factors

influence the incidence of coughing among stone quarry workers.

The study found that geographical location (region) has an associa-

tion with the likelihood of workers experiencing common cold. Workers

in the Ashanti region had a higher likelihood of experiencing common

cold than those in the Central region. This may be because workers in

the Central region were more prudent in using PPE in protecting them-

selves from the silica dust than those in the Ashanti region. However,

the geographical location of the quarries had no statistically significant

relationship with the likelihood of workers experiencing eye irritation,

breathing difficulty, and coughing. Our findings also revealed that edu-

cational attainment, household size, family status, and marital status

had no significant association with the four disease symptoms,

suggesting that these variables do not influence the likelihood of

workers experiencing these disease symptoms.

The results show that majority of quarry workers in Ghana have a

high likelihood of experiencing silica-dust-related disease symptoms.

This is not surprising because majority of the workers in the study

regions were not using the prescribed PPE during quarrying and thus

exposed to silica dust. Similarly, a study conducted by Singh et al,44

on the use of PPE by pesticide applicators in rural India found that

majority of the workers were not using protective gear. MacFarlane

et al,45 also reported non-use of PPE among Australian grain farmers

in his study. Even though these reports were in the agricultural sector,

the findings demonstrate the attitude of workers generally toward the

use of PPE. Rongo et al,38 also reported low use of PPE among small

scale industry workers exposed to dust and fumes in Dar es Salaam,

Tanzania. The major disease caused by silica dust inhalation is silicosis,

a lung disease. Over time, silica dust can build up in the lungs and

breathing passages. This leads to inflammation and scarring in the

form of nodular lesions in the upper lobes of the lung, making it diffi-

cult to breathe. Symptoms of this disease can appear from a few

weeks to many years after exposure to silica dust. The main disease

symptom of silicosis is difficulty in breathing. Majority of the workers

in this study have reported experiencing breathing difficulty. This

finding is a major cause for concern especially knowing that silicosis

takes years to fully manifest. It is even more worrying because silicosis

has no cure. However, with the right safety measures in place, silicosis

can be prevented. A key strategy in preventing silicosis is by using

job-appropriate PPE during stone quarrying operations.

5.1 | Limitations of the study

The key strength of this study is its empirical disposition as respondents

were real workplace employees. However, one of the limitations of the

study is the reliance on self-reported measures to assess the likelihood

of experiencing silica-dust-related disease symptoms. Outcomes of the

relationship among the measures may, therefore, be confounded by

common method variance. Wagner and Crampton46 indicated in their

meta-analytic study that even though this problem continues to be cited

regularly, the immensity of the distortions may be exaggerated. It has

been well documented in literature that self-reported measures have

proven to be effective for organizational safety studies.47 Furthermore,

the study design made it impossible for questions relating to the relation-

ship between cause and effect to be included in the questionnaire. Tests

of the hypotheses were conducted on self-reported survey data there-

fore we could not evaluate the reported symptoms with medical records

of respondents. The inclusion of actual medical records of stone quarry

workers could have added some vital information to this study. Using

stone quarry workers' reports of disease symptoms is only an estimate

of disease symptoms suffered by them and this is likely to be subject to

recall bias. Notwithstanding the limitations of using self-reported mea-

sures, our findings showed a clear relationship between work-post PPE

usage and the four disease symptoms experienced.

6 | CONCLUSION

The profile of Ghana's silica dust exposed population is not well studied and

documented. Stone quarry workers are at high risk of developing silica-

related symptoms and diseases due to the cumulative effect of silica dust

exposure, a finding that is supported by a large body of epidemiologic evi-

dence. This study assessed the joint effect of work-post (distance to main

dust source-crusher) and PPE usage on the likelihood ofworkers experienc-

ing adverse health outcomes (eye irritation, breathing difficulty, coughing,

and common cold) in stone quarries in Ghana. The study found that stone

quarry workers who work between 1-100 m and beyond 100 m from the

crusher with the required PPE reported lower likelihoods of experiencing

eye irritation, breathing difficulty, coughing, and common cold. Individuals

who work between 1-100 m and beyond 100 m from the crusher without

the required PPE reported a higher likelihood of experiencing adverse

health outcomes. This relationship was robust and persisted even when it

was subjected to compositional and contextual attributes. Middle-aged

adults reported lower frequencies of adverse health outcomes.

Across the five study regions, we found that majority of workers

were not using PPE during quarrying operations. This is a major health

and safety risk that can potentially put workers in a vulnerable position
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of developing the deadly silicosis disease. These findings provide a bet-

ter understanding of current negative safety practices in the stone

quarry sector and may help in the development of programs to pro-

mote silica dust exposure control. There are a number of adverse health

implications for people who work in silica dust polluted environments,

suggesting the need for a national occupational safety and health pol-

icy, silica dust control interventions, and health promotion campaigns

to target silica-related occupations. As a key regulatory measure, Ghana

needs to come up with a recommended RCS permissible exposure limit

for silica-exposed occupations per international standards.
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