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Abstract

Background: Work experience is a key factor that influences safety awareness among workers. This study
investigated the influence of work experience on the level of awareness on adverse health effects of silica
dust exposure among stone quarry workers in Ghana while controlling for theoretically relevant
compositional and contextual factors, evaluated the magnitude and order of association between the
predictors and the predicted variable. Method: A cross-sectional survey data of 524 randomly selected
stone quarry workers were subjected to multivariate statistical analyses. Results: Stone quarry workers who
had 6 to10 years and more than 10 years of work experience were 48% (OR = 1.475, P = 0.021) and 82%
(OR =1.816, P = 0.003) respectively more likely to be aware of the adverse health effects of silica dust
exposure compared to their counterparts who had 1 to 5 years work experience. Workers who had secondary
or higher education were 32% (OR = 1.320, P = 0.036) more likely to be aware of the adverse health effects
of silica dust exposure compared to their counterparts who had no education. Conclusion: These findings
provide relevant information for managers and policymakers to plan and maximize awareness on silica dust

health hazards among silica exposed workers.
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Introduction

Occupational exposure to crystalline silica dust poses serious health threats to stone quarry workers
particularly in developing countries (Ahadzi et al., 2020; Kabir et al., 2018; Rees et al., 2009) Stone quarry
workers in developing countries are exposed to health hazards associated with silica dust due to the unsafe
working conditions that are present in these parts of the world. Crystalline silica dust has long been
confirmed to have adverse health effects on silica-exposed workers (Maciejewska, 2008; Rees et al., 2009;
Yassin Abdiaziz et al., 2005). Research has revealed that exposure to silica dust can lead to diseases such
as silicosis, pulmonary fibrosis (Castranova V & Vallyathan V, 2000; Dahmann et al., 2008; Ding et al.,
2002), and lung cancer (Attfield & Costello, 2004; Rice et al., 2001). Unfortunately, a lot of silica-exposed
workers especially in developing countries are usually unaware of the human health problems silica dust
exposure could cause (Kabir et al., 2018). Awareness is having knowledge or understanding that a particular
situation or fact exists. Sayler et al., (2018) posited that awareness of the harmful effects of silica dust
exposure is critical for protecting workers’ health. Raising awareness of the negative health effects of silica
dust exposure can minimize the human health hazards on workers (Gottesfeld et al., 2019; Kabir et al.,
2018). Workers’ health and safety awareness can have an impact on their health and safety attitude at the
workplace (Momani et al., 2017; Tam & Fung, 2008).

One of the effective ways management can create awareness of the health hazards associated with silica
dust exposure is through information materials for employees (Rees et al., 2009; Sharma et al., 2016).
Unfortunately, limited research has been conducted on silica dust health hazard awareness in developing
countries unlike in the developed world (Falk et al., 2019; Nandi et al., 2018; Sayler et al., 2018; Seaton et
al., 1991; Sivanmani & Rajathinakar, 2013). It is important silica exposed workers have adequate
knowledge about the health hazards silica dust exposure can cause. Occupational safety and health
awareness play a critical role in preventing accidents, injuries, and diseases at the workplace (Lugah et al.,
2010). Awareness of the adverse health effects ensures that workers appreciate the consequences of inhaling
silica dust and the protective measures they can take to prevent it (Kamkuimo et al., 2020).

Aluko et al., (2016) found that occupational hazard knowledge is associated with educational status. Studies
have established a positive relationship between work experience, educational attainment, and workers’
awareness of the adverse health effects of silica dust exposure. Studies have revealed that stone quarry
workers who have higher work experience and higher education have a better understanding and knowledge
of the health hazards associated with silica dust exposure than their counterparts who have lower
educational attainment and work experience (Nguyen et al., 2021; Tadesse et al., 2016). Safety knowledge
gained through work experience and hazard exposure can improve workers’ health hazard awareness
(Hasanzadeh et al., 2017).
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It is well documented that young workers have lower awareness on issues about their health and safety than
their older counterparts (Dragano et al., 2018; Rohlman et al., 2013; Sabitu et al., 2009). Lower awareness
on occupational risks like silica dust exposure among young employees is partly due to limited knowledge
and work experience (Riley, 2012; Rohlman et al., 2013). A contradictory finding was made in this study
where younger workers were more likely to be aware of the adverse health effects of silica dust exposure

than their older colleagues.

There is a dearth of literature on the awareness of the adverse health effects of silica dust exposure among
stone quarry workers in developing countries. In this study, | examined the impact of work experience on
the level of awareness on adverse health effects of silica dust exposure among stone quarry workers in
Ghana while controlling for theoretically relevant compositional and contextual factors, evaluated the
magnitude and order of association between the predictors and the response variable.

Materials and Methods
Study area

The study was performed in the southern part of Ghana because majority of the country’s stone quarries
are located in the south (Ahadzi et al., 2020). The selected five southern regions are Central, Western,
Greater Accra, Eastern, and Ashanti. Except Greater Accra region where six stone quarries were selected
for data collected from the same community (Shai Hills), the team selected three communities in each
region with each community having two stone quarries. Central (Yeresunkwa, Ojobi, Opeikuma), Western
(Sekondi, Shama, Beposo), Eastern (Nsawam, Klo-Begoro, Yilo Krobo), and Ashanti (Barekese, Mpobi,
Afrancho Buoho). The locations of the study communities are presented in Figure 1.

Data collection

This study is an aspect of a research project that investigated the human health risks associated with
occupational exposure to silica dust in stone quarries in Ghana. Data were collected from thirty stone
quarries in five southern regions (Central, Western, Greater Accra, Eastern, and Ashanti) between May
2018 to February 2019. Simple random sampling method was used to recruit the participants (eighteen
years or above) for the study. Workers were assigned numbers in each of the thirty stone quarry sites that
were visited, a random number generator was used to select twenty workers for data collection from each
of the thirty quarry sites. In all, six hundred questionnaires were administered to twenty workers in each

guarry site. Though all the participants agreed to take part in the study, seventy-six of them did not return
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their questionnaires. A total of five hundred and twenty-four completed questionnaires were retrieved and
used for the study.

Measures
Measured variable

The predicted variable considered in this study is awareness of the adverse health effects of silica dust
exposure among stone quarry workers. Participants were asked to answer yes or no to the question “are you
aware that exposure to silica dust can be harmful to your health?”. The binary response to the categorical

variable was coded 0 (for no) and 1 (for yes).

Main explanatory variable

The selection of the key explanatory variable was based on literature, parsimony, and theoretical relevance.
Work experience plays a key role in determining safety and health knowledge of workers, this why work
experience was considered as the key predictor in this study.

Compositional and contextual factors

In this study, I controlled for compositional and contextual factors. Compositional factors are a combination
of biosocial and socio-cultural factors. While biosocial factors include age, sex, race, and ethnicity, socio-
cultural factors include education, family status, marital status (Collins et al., 2017; Pol & Thomas, 2013).
Location-specific opportunities in a region or place or broader neighborhood attributes (Collins et al., 2017;
Ross & Mirowsky, 2008). The compositional factors considered in this study are age (young adult: less
than 35 years, middle-aged adult: 35-55 years), education (no formal or primary, secondary or higher),
family status (head, member), marital status (single, married, divorced). The contextual factor included in

the study was the region of residence (Central, Western, Greater Accra, Eastern, and Ashanti).

Data analyses

Univariate and multivariate analyses were conducted on the data to determine the relationships and

proportions between factors that influenced awareness on adverse health effects of silica dust exposure
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among stone quarry workers while controlling for relevant compositional and contextual factors. All

statistical analyses were run using Stata 14 (StataCorp, College Station, TX, USA) SE software.

Univariate analyses

Pearson’s chi-square test was used to examine the relationship between the measured variable (awareness
of adverse health effects of silica dust exposure) and the main explanatory variable (work experience) as
well as the compositional and contextual factors. Cramer’s V statistic was employed to determine the
strength of between the response variable and the predictor variables. When the Cramer’s V statistic is
equal or greater than 0.3, the association is considered to be strong, however when it is less than 0.3, the

association is considered weak.

Multivariate regression

Complementary log-log regression was used to model the relationship between work experience and
awareness of the harmful effects of silica dust exposure among stone quarry workers. Under the assumption
of dichotomous response (no = 0, yes = 1), there are a couple of model options that can be used for this
type of data depending on the link function of the generalized linear model (GLM): logit model, probit
model, negative log-log model, and complementary log-log model. While logit and probit models are
symmetrical, the complementary log-log model is asymmetrical. The link function for this model is apt for
binary outcomes that are asymmetrical. The complementary log-log model is employed when the
probability of an event is very small or very large. Complementary log-log regression model was used in
this study because the model is apt for the data set and satisfied the assumptions for the model. The
complementary log-log model takes into account the fact that affirmative responses are more likely and
gives a better representation. 55% or more of the responses in this study were affirmative and this satisfies
the assumption for the model. The responses for the outcome variable “are you aware that exposure to silica
dust can be harmful to your health”? revealed (11% no, 89% yes). Covariates such as compositional (age,
educational attainment, family status, marital status) and contextual (region of residence) factors were
controlled in the models. The effect size of the relationship was determined using the odds ratio (OR). An
OR of 1 implies that the explanatory variable does not affect the odds of reporting awareness on the harmful
effects of silica dust exposure among stone quarry workers; OR > 1 means that the explanatory variable is
associated with higher odds of reporting awareness on the harmful effects of silica dust exposure; OR < 1

means that the explanatory variable is associated with lower odds of reporting awareness on the harmful
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effects of silica dust exposure. To correct any statistical outliers in the estimation of standard errors (SE),
robust estimates of variance were run. Statistical significance was set at 0.05 and the confidence interval at
95%.

Results
Descriptive statistics

The percentage distribution of stone quarry workers’ awareness of the adverse health effects of silica dust
exposure across the study regions is presented in Figure 2. The level of awareness on the adverse health
effects of silica dust exposure was lowest (21%) among workers in the Central region. However, workers
in the Ashanti and Eastern regions respectively had the highest (97%) level of awareness on the adverse
health effects of silica dust exposure among the regions. The results show that awareness levels among
workers in Greater Accra (91%) and Western (81%) regions were also high.

Measures of association

The Pearson chi-square and Cramer’s V results indicating the association between work experience and
awareness on adverse health effects of silica dust exposure and the compositional and contextual factors
are shown in the contingency table (Table 1). The results rejected the null hypothesis that work experience
is independent of the level of awareness on adverse health effects of silica dust exposure, implying that
there is a significant relationship between work experience and awareness of the adverse health effects of
silica dust exposure. The results show a weak association (P = 0.003, Cramer’s V = 0.1510) between work
experience and the level of awareness on adverse health effects of silica dust exposure. According to the
results, all the other covariates had a weak association with the measured variable. Based on the Cramer’s
V statistics, the strength of association between predictors and the level of awareness on the adverse health
effects of silica dust exposure in decreasing order of magnitude, is as follows: region of residence > work

experience > educational attainment > marital status > age group > family status.

Multivariate analyses

Three models were run at the multivariate level, namely, work experience (model 1), work experience and
compositional factors (model 2), and contextual factors (model 3) to assess their influence on the level of

awareness on adverse health effects of silica dust exposure among stone quarry workers in Ghana. Table 2
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shows the proportional odds ratios, robust standard errors, probability values, and confidence intervals in
the models.

In model 1 (Table 2), stone quarry workers who had between 6 to 10 years of work experience in the stone
quarry industry were 33% (OR = 1.433, P = 0.004) more likely to be aware of the adverse health effects of
silica dust exposure compared to their counterparts who had between 1 to 5 years work experience in the
industry. Individuals who worked for more than 10 years were 59% (OR = 1.594, P = 0.007) more likely
to be aware of the adverse health effects of silica dust exposure compared to those who worked between 1

to 5 years in the sector.

In model 2 (work experience and compositional factors), the direction of the relationship between work
experience and the level of awareness on adverse health effects of silica dust exposure among stone quarry
workers persisted, the odds ratios increased and the probability values indicate that the relationship was not
by chance compared to the results in model 1. Concerning this model (Table 2), | observed that stone quarry
workers who had 6 to 10 years of work experience were 79% (OR = 1.792, P = 0.000) more likely to be
aware of the adverse health effects of silica dust exposure compared to their counterparts who had 1 to 5
years work experience in the industry. Individuals who had more than 10 years of work experience in the
stone quarry industry were 102% (OR = 2.020, P = 0.000) far more likely to be aware of the adverse health
effects of silica dust exposure compared to their colleagues who had between 1 to 5 years work experience.
Middle-aged adults were 49% (OR = 0.515, P = 0.000) less likely to be aware of the adverse health effects
of silica dust exposure compared to the young adult group. Workers who attained secondary or higher
education were 30% (OR = 1.302, P = 0.040) more likely to be aware of the adverse health effects of silica
dust exposure compared to their counterparts who had no education.

When contextual factors (model 3) were controlled, the direction of the relationship between work
experience and the measured variable remained the same as observed in models 1 and 2. However, the odds
ratios and the level of statistical significance reduced compared to model 2, indicating partial mediation of
the relationship. Individuals who had 6 to 10 years of work experience and more than 10 years’ work
experience in the industry were 48% (OR = 1.475, P = 0.021) and 82% (OR = 1.816, P = 0.003) respectively
more likely to be aware of the adverse health effects associated with silica dust exposure compared to those

who had worked in the industry between 1-5 years.

Just like the results revealed in model 2, the direction of the relationship between age and the predicted
variable, educational attainment, and the predicted variable did not change compared to model 2.
Nonetheless, compared to model 2, the level of statistical significance between the variables (age and

educational attainment) and the predicted variable dropped in this model. The results show that stone quarry
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workers who were middle-aged adults were 38% (OR = 0.621, P = 0.0018) less likely to be aware of the
adverse health effects of silica dust exposure compared with individuals in the young adult category.
Workers who had secondary or higher education were 32% (OR =1.320, P = 0.036) more likely to be aware
of the adverse health effects of silica dust exposure compared to their counterparts who had no education.
Regarding geographical location, stone quarry workers in the Ashanti region and the Eastern region were
86% (OR = 1.858, P = 0.004) and 95% (OR = 1.952, P = 0.001) respectively more likely to be aware of the
adverse health effects of silica dust exposure compared to their counterparts in the Central region. However,
family status and marital status were not significant predictors of awareness on the adverse health effects

of silica dust exposure among stone quarry workers in all the models.

Ethical Considerations

This study was conducted according to the ethical standards and guidelines of the Minerals Commission
and the Environmental Protection Agency of Ghana. Permission was obtained from managers of the various
stone quarries that were visited for the study, the objectives and other details of the study were well
explained to the managers before the commencement of data collection. Oral and written consent was
obtained from all the participants with a detailed justification of the study procedure and purpose of the
study. Participants were not forced or induced financially to take part in the study. It was explained to all
the participants that participation in the study was purely voluntary and anyone who wished to withdraw
during or after data were collected was allowed to do so. Participants were also made to understand what
was required of them and how important the information being sort from them will help improve safety and

health considerations in the stone quarry industry.

Discussion

In this current study, | examined the impact of work experience on the level of awareness on adverse health
effects of silica dust exposure among stone quarry workers in Ghana, evaluated how the relationship is
attenuated when theoretically relevant compositional and contextual factors were considered, and assessed
the order of association between the predictors and the predicted variable. The findings confirmed that work
experience has a significant effect on the level of awareness of the adverse health effects of silica dust
exposure among stone quarry workers. Individuals who spent six years or more working in the stone quarry
industry demonstrated superior understanding and knowledge of the adverse health effects of silica dust

exposure than those who have been in the industry for less than six years. This finding implies that as work
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experience increases, awareness of the health hazards among silica-exposed workers increases. The finding
is in tandem with what Nguyen et al., (2021) found in their study that examined knowledge, attitude, and
practices on silicosis among high-risk workers in Vietnam. Also, Tadesse et al., (2016) found that workers’
awareness of occupational health hazards is positively associated with higher work experience, this finding

is in line with what | found in this current study.

The relationship between age and the level of awareness on the adverse health effects of silica dust exposure
among stone quarry workers revealed some interesting findings. The general expectation is that the older
the worker, the better the worker exhibits awareness, understanding, and knowledge on issues of
occupational health and safety. Surprisingly, the finding revealed something different. The results show
that middle-aged stone quarry workers had a higher likelihood of being unfamiliar with the adverse health
effects of silica dust exposure while young adult workers were had a higher chance of being aware of the
human health effects. This is at variance with what Sabitu et al (2009) found in their studies where older
workers were aware of health hazards issues at the workplace than their younger counterparts. Dragano et
al., (2018) and Rohlman et al., (2013) also established contradictory findings. What | found is not in line
with the extant literature showing that the relationship is complex and needs further research to unravel the

complexities.

The findings demonstrate that higher educated stone quarry workers have a better understanding of the
adverse health effects of silica dust exposure than those who had primary or no education. This means that
the more educated the stone quarry worker is, the better he or she appreciates the consequences of silica
dust exposure. This finding is not surprising because higher educated workers are usually better informed
on issues regarding occupational health hazards. Aluko et al., (2016) in their study on knowledge, attitudes,
and perceptions of occupational hazards and safety practices in Nigerian healthcare workers found that
educational status is positively associated with occupational health knowledge. Based on our findings, we
can conclude that higher educated stone quarry workers can read and understand the health hazards
associated with silica dust exposure than those with lower education or no education. It has been established
that higher educational attainment is significantly associated with worker’s health hazard awareness

(Nguyen et al., 2021; Tadesse et al., 2016).

The results established a relationship between workers’ awareness of the adverse health effects of silica
dust exposure and the geographical location of workers. | found that stone quarry workers in the Ashanti
and Eastern regions had a higher chance of being aware of the harmful effects of silica dust exposure than
their counterparts in the Central region. This could be because stone quarries in these two regions are doing
something right. An explanation for this finding may be that the stone quarries in these two regions are

regularly providing the needed training and education on the health hazards associated with silica dust
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exposure to their workers. It could also be that workers in these two regions generally have higher
educational attainments than their counterparts in the Central region and which makes them have have a
better knowledge and understanding what silica dust exposure can negatively do to their health.

Strengths and limitations of the study

The main strength of the study is the use of empirical data which were collected from people who are
directly involved in stone quarry work in Ghana. This enabled us to obtain first-hand information from
stone quarry workers (participants). Nonetheless, the use of self-reported survey data to assess the effect of
work experience on the level of awareness on harmful effects of silica dust exposure among stone quarry
workers was a limitation because there is a likelihood of obtaining bias responses from participants who
are disgruntled about conditions unrelated to their safety and health at the workplace. Even though self-
reported data collection procedures are known to have some limitations, Siu et al (2003) explained that self-
reported measures have been demonstrated to be effective in workplace safety studies. Despite all the
limitations of using a self-reported method in collecting the survey data, the findings established a
statistically significant relationship between work experience and the level of awareness on harmful effects
of silica dust exposure among stone quarry workers in Ghana.

Conclusion

The findings established a strong relationship between work experience and stone quarry workers’ level of
awareness of health hazard associated with silica dust exposure. Stone quarry workers who worked in the
industry for long years (six years and above) were more likely to be aware of the harmful effects associated
with silica dust exposure than those who worked for shorter years (less than six years). We established that
workers who attained higher education have a higher chance of being aware of the health hazards associated
with silica dust exposure than those who have no or lower educational attainment. Our findings provide
important information for stone quarry managers and policymakers to draw strategies relevant for creating

the needed awareness about the health hazards associated with silica dust exposure.
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Table 1. Percentage distribution of awareness on the harmful effects of silica dust exposure by predictor

variables.
Variable Awareness of adverse | Inferential statistics
health effects of silica
dust exposure
No (%) Yes (%)
Work experience
1-5 years 16.20 83.80 x2 =11.9542
6-10 years 7.37 92.63 (P-value = 0.003; Cramer's V = 0.1510)
Above 10 years 5.49 9451
Age group
Young adult 8.47 91.53 x2 =1.3707
Middle-aged adult 11.82 88.18 (P-value = 0.242; Cramer's V = -0.0511)
Educational
attainment
Primary/ No education | 12.58 87.42 x2 =2.6840
Secondary or higher 8.11 91.89 (P-value = 0.101; Cramer's V = 0.0716)
Family status
Head 9.80 90.20 x2 = 1.5059
Member 13.79 86.21 (P-value = 0.220; Cramer's V = -0.0536)
Marital status
Single 12.28 87.72 x2 = 0.5281
Married 10.39 89.61 (P-value = 0.768; Cramer's V = 0.0317)
Divorced 8.00 92.00
Region
Central 21.00 79.00 2 =32.0188
Western 18.81 81.19 (P-value = 0.000; Cramer's V = 0.2472)
Greater Accra 8.85 91.15
Ashanti 297 97.03
Eastern 2.75 97.25
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Table 2. Complementary log-log regression model showing the relationship between the level of awareness on the adverse health effects of silica

dust exposure among stone quarry workers and predictor variables (n = 524)

Variable

Work experience

Work experience + compositional factors

Work experience + Contextual factors

P
OR SE value Conf.

Interval

OR SE

P

value Conf.

Interval

OR

SE

P

value Conf.

Interval

Model 1

Model 2

Model 3

Work

1-5 years)
6-10 years
Above 10 years

Young adult)
Middle-aged
Adult

Educational

Primary / No
education)
Secondary or
higher
Family status
(ref: Head)

Member

experience (ref:

Age group (ref:

attainment (ref:

1.433 0.180 0.004 1.120
1594 0.275 0.007 1.137

1.833
2.235

1.792 0.276
2.020 0.388

0.515 0.094

1.302 0.168

0.349 0.188
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0.000
0.000

0.000

0.040

0.051

1.325
1.387

0.359

1.011

0.121

2.423
2.943

0.736

1.676

1.003

1.475
1.816

0.621

1.320

0.420

0.248
0.361

0.125

0.175

0.251

0.021
0.003

0.018

0.036

0.146

1.061
1.230

0.419

1.019

0.130

2.050
2.680

0.921

1.711

1.352
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Marital status
(ref: Single)
Married
Divorced
Region (ref:
Central)
Western
Greater Accra
Ashanti

Eastern
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0.508 0.281 0.221 0.171
0.601 0.368 0.406 0.181

1.504
1.996

0.537
0.675

0.978
1.281
1.858
1.952

0.329
0.450

0.177
0.241
0.396
0.394

0.310
0.556

0.904
0.187
0.004
0.001

0.161
0.183

0.686
0.887
1.224
1.315

1.784
2.495

1.395
1.851
2.821
2.900
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Fig. 2. Awareness of adverse health effects associated with silica dust exposure among stone quarry

workers across the study regions
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