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Introduction

The current

ABSTRACT

Introduction: Musculoskeletal disorders are the major factors resulting in
discomfort at work in manufacturing industries to workers and these conditions
contribute to the poor health of the workforce, subsequently to lower productivity.
Therefore, the design of a workstation based on Ergonomic principles is becoming
significant to reduce the effects of MSD. This study aimed to identify and assess the
ergonomic risks associated with the work tasks in the company through posture
analysis and develop recommendations for reducing those risks.

Methods: About 36 manufacturing workers from five sections were randomly
selected for the cross-sectional study. The chosen team members were from Core
building, Core winding, Assembly, Tanking and Tank fabrication sections with
experience of more than two years. The presence of MSDs was assessed using a
Nordic musculoskeletal questionnaire. For postural analysis, Rapid Upper Limb
Assessment (RULA) and Rapid Entire Body Assessment (REBA) were utilized. Few
selected postures were analysed using CATIAVS5 software and improvements
reducing the risks of postures were recommended.

Results: All of the 36 workers selected for the study were male with a mean age of
32 years, average experience of 10 years and 75% of workers had normal body mass
index. The MSD questionnaire indicated discomfort of 86% mostly on the lower
back portion of the body. The combined findings of RULA and REBA showed that
about 44% of postures were in the high-risk group.

Conclusion: Well-defined ergonomic interventions such as redesigning the
workstation are suggested to reduce awkward postures and manual handling risks,
leading to improvement in job performance and productivity.

Keywords: Ergonomics, Musculoskeletal Disorders, Postural Analysis, RULA,
REBA

industries are

manufacturing
continuously making efforts to improve the
productivity of their organization and at the same
time focusing on safety aspects of their workforce
to ensure their well-being.! Ergonomics is a science
that can be used for designing and arranging work
environments, equipment, and systems to fit the

people who use them, and it plays a key role in

Int. J. Occup. Safety Health, Volume 14, No 2 (2024), 144-151

achieving the expected goals.? Ergonomic risk

identification is concerned with identifying
workplace factors that may cause musculoskeletal
disorders (MSDs) or other ergonomic injuries.
These factors can include repetitive motions,
forceful exertions, awkward postures, and
vibrations. On the other hand, posture analysis

involves analyzing workers' postures while they

https://www.nepjol.info/index.php/I[OSH
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perform their tasks to identify any deviations from
the recommended postures. Poor posture can lead
to MSDs, fatigue, discomfort, and decreased
productivity.*

Conducting ergonomic risk identification and
posture analysis are crucial to minimize
workplace injuries and improve employee overall

health and productivity.

Work systems that are designed keeping
ergonomics in mind will always help to achieve a
balance between worker qualities and job needs.®
The adoption of ergonomics techniques in the
workplace is crucial for the manufacturing sector
since this can improve productivity and quality,
increase revenue, reduce rejection costs and
provide a better safety work environment.t The
primary cause of workers' discomfort, decreased
productivity, and monetary losses is work-related
musculoskeletal  ailments.”  Musculoskeletal
disorders may be caused because of continuously
carrying out repetitive tasks, awkward postures,
and anthropometric mismatches performing
heavy physical work and using forceful exertion.
This may lead to a high level of absenteeism

among the workers.8910

A transformer manufacturing industry, like any
other manufacturing industry is involved in many
manufacturing activities that expose workers to
ergonomic risk factors.!! The available literature
indicates that there is strong acceptance of
ergonomic tools as an effective means of
improving productivity in the manufacturing
sector.’? However, the application level of
ergonomic tools in industries, especially in small
and medium-sized enterprises, needs to be
improved, current research work has been
undertaken to identify ergonomic deficiencies in
the working methods of the workers in the
transformer manufacturing industry, study
postures, and identify risks using ergonomic
assessment tools like RULA and REBA.131415 Catia
v5 software is used to create a digital model of the
workspace and automatically calculate the RULA

score for a posture.161”

Methods

The present study was carried out in a local

electrical transformer manufacturing industry
located in Kalaburagi City, Karnataka, India. A
total of 36 male workers above 20 years of age,
with a minimum of 2 years of work experience in
manufacturing and who gave consent were
included in the study. The chosen workers were
from the following five sections, core building,
core winding, assembly, tanking and tank
fabrication and their work scope is to core
building, winding, and tanking of transformer

coils for long durations.

Data collection was carried out by giving
consideration to type of data. The primary
information was obtained directly from workers
and management through interviews and surveys,
such as the manufacturing process of transformers,
Temperature, and Humidity in the workplace,
and Size of the production space. Workers'
complaints of physical aches in certain areas were
recorded through the Nordic musculoskeletal
questionnaire.’s Work postures were
photographed or video recorded using a mobile
phone camera directly for further analysis.
Anthropometric measurements of workers were
carried out using a flexible measuring tape and

weighing scale.

Meanwhile, secondary information is obtained
indirectly from the subject of research. Secondary
information in this study includes general
information about the transformer manufacturing
industry such as organizational structure, hours of
operation, manufacturing procedures, and other

information pertinent to the research issues.

Two posture evaluation methods were used in the
present study to assess ergonomic disorders
among employees. The first technique is called
RULA (Rapid Upper Limb Assessment), and it is
often used in research to measure upper extremity
postural.’20 The second technique, called REBA
(Rapid Entire Body Assessment), assesses the
participant's posture to decide if it is appropriate

or inappropriate.?.22

The work postures of the body had also been
examined manually using the RULA evaluation

worksheet and through the use of the Catia-v5
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application software to offer a more precise RULA
score, body postures alignment and the load's
weight had all been set up and entered into the
software. The weight of the load is used to
calculate the forces and moments that will be
generated on the workers’ body. Then, to lessen
the problem of musculoskeletal disorders, body
postures were suggested to be modified as a result

of the analysis performed in the study.

Results
All the participants in the study were men,

ranging in age from 20 to 46 years. According to
the body mass index (BMI), 75% of employees
have normal weight, while only eight percent
were overweight. The study was carried out
during the day shift. Table 1 shows the details of

the demographic figures of workers.

Table 1: Demographic figure of workers (n=36)

S1.No. Particulars Minimum Maximum Mean (SD)
1 Age (Years) 20 46 31.41(8.17)
2 Height (Meters) 1.52 1.77 1.67(0.05)
3 Weight (Kg) 46 85 61(9.93)
4 Experience (years) 2 20 9.26(5.71)
5 BMI (Kg/M2) 16.49 26.77 21.8(3.16)
Table 2: Nordic musculoskeletal Questionnaire Findings
Body Parts Number of workers (n=36) Percentage %
Neck 9 25
Shoulder 21 58
Upper Back 20 55
Lower Back 31 86
Wrist 22 61
Elbow 6 16
Thighs 20 56
Knees 25 69
Ankles/Feet 18 50

In ordert to determine the occurrence of MSDs, the
Nordic musculoskeletal questionnaire was used.
The prevalence of work-related MSDs in different
body parts of workers is presented in Table 2. The
MSD questionnaire reveals that more than four-
fifths (86%) of the workers were suffering from

lower back discomfort.

As stated, the risks associated with the working
postures were determined using the RULA and
REBA evaluation methods. Thirty-six postures
were taken from five sections. Photographs taken
using a good-quality phone camera were
examined. The risk score was determined using
the RULA assessment and scoring sheet. Table 3

displays the results of the analysis.

Table 3: Distribution of RULA score among workers

RULA RULA Action Number of Percentage %
Level  Score Postures(N=36)
0 1-2 Acceptable posture 7 19.4
1 3-4 Further Investigation and change may be 10 27.7
needed
2 5-6 Further Investigation, change soon 05 13.8
3 7 Investigation and Implement change 14 38.8
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Table 4: Distribution of REBA score among workers (n=36)

REBA REBA Action No. of Percentage %
Level Score Postures

0 1 Negligible risk 01 2.7

1 2to3 Low risk, change may be needed 08 22.2

2 4to7 Medium risk, further investigation change soon 10 27

3 8 to 10 High risk, investigate and implement change 17 47.2

4 11+ Very high risk, implement change 0 00

Total 36 100%

Similarly, the REBA assessment and scoring sheet
were used to determine the risk score and
consequently, the appropriate action. Table 4

summarizes the analysis findings.

The analysis of the worker's body postures while
performing three different tasks was conducted by
using images of the worker’s actual postures.
Figure 1 shows the workers involved in three

different activities.

The worker in Figure 1, image A, was lifting 16 kg
of mild steel sheets. Awkward working body

posture and repetitive heavy lifting are major
workplace postures, with two lifts performed

every minute.

The worker in Figure 1, image B, was spraying the
transformer tank on the floor. The critical working
posture requires frequent bending which is prone
to injury. The worker in Figure 1, image C, was
operating a coil-winding machine. The upper
body parts are at risk of MSD due to the vibration
of the winding machine as it is done for a longer

duration, under the noise of the machine.

Figure 1: Postures of workers involved in different work activities (Image A, B, and C respectively)

Catiavbsoftware includes human modeling and
ergonomics analysis capabilities. The software has
four modules: Human Builder, Human Activity
Analysis, Human Posture Analysis, and Human
Measurement Editor. These modules allow users
to create and customize human models, analyze
their postures and movements, and identify
potential ergonomic risks. RULA is one of the tool

which is supported by this module.?? The work

postures prior and after rectification are shown in

Figure 2.

The postures shown in Figure 2 (a) correspond to
a worker lifting a 16 kg to 30 kg load depending
on the size of the transformer plates. Due to the
worker's requirement to bend their backs and the
excessive use of back muscles, an awkward body
posture might be observed. A ligament sprain or

muscle strain may be caused by improper lifting
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or overstressing of weak back muscles.* A high
RULA score was obtained for the left side of the
body from this working position. The weight that
must be physically lifted shouldn't be more than
50 pounds (22.67 kilogram).?* Otherwise physical

heavy lifting might cause ergonomic problems,

such as back sprains. Even though there is
improvement in the work method, the improved
work posture still has a substantial RULA score of
7 for both sides of the body as shown in figure 2(a).
The most exposed body areas when lifting are the

neck, arms, wrists, and muscles.

ES
@
€
[
I
B
%
&
B
a
%
&
S
@
I =
&
“J o
&
ol 8
Y
b '
) 3
Al
=
(3]
%
&
B
)
]
¥
)
-
&
C g
1 1
foison? W 3 y 8l
A — 5 S R &
P P
& Fl
&) ]
i i
2 3
i o
| El
AR ol
= P— — P E———————— e - z s B I O i e | B

Figure 2: Work Postures A, B, and C before and after the Rectification

The postures shown in Figure 2(b) correspond to
workers spraying a transformer tank on the floor.
This work posture involves awkward working
body postures. The upper body parts that are neck,
and trunk are continuously bent forward and
sideward for spraying operation. This can put too
much strain on the body's lower back. Pressure is
also seen in the wrist and arm due to carrying of

spray gun for a longer duration of time. The RULA

score remains high on both sides of the body
despite the changes in working posture during the
painting process as seen in Figure 2(b). This is due
to the repeated working pattern necessary to
complete the painting process. The task of
painting requires workers to exert force on their
forearm, and wrist muscles repeatedly, which is
one of the reasons that contribute to injuries that

must be avoided.
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The postures shown in Figure 2(c) correspond to
the worker operating a coil winding machine. It
involves the continuous use of the shoulder, arms,
and wrist of the worker. Due to the winding
machine, the arms and shoulders are constantly
vibrating, and the machine also makes a lot of
noise. The changes made in the working methods
resulted in a decrease of the RULA score slightly
as shown in Figure 2(c) but ear plugs and gloves

are still needed to protect the worker.

Discussion

This study is an attempt to identify the ergonomic
risks associated with workers in manufacturing
areas and develop recommendations.
Transformer manufacturing companies are highly
labor intensive and most of the tasks are
performed manually, which leads to high risks of
MSDs. The prevalence of MSD symptoms and
their risk factor was very high among selected
workers (Table 2). The most common symptoms
seen in the lower part of the body were lower back,
knees, thighs, and wrist. From the analysis of
results and scores(Table 3& 4) obtained by RULA
& REBA postural assessment techniques, it can be
observed that workers adopt awkward postures
involving frequent twisting, bending, and
stretching due to a lack of awareness and
knowledge about ergonomic practices in work
methods in the transformer manufacturing
company. This is the result of poorly designed

workstations and improper working postures.2®

These findings support that MSDs are a serious
problem in the manufacturing industry.341
Findings are consistent with musculoskeletal pain

among similarly related occupation study.!!

The images generated in Catiav5 software can be
used to identify potential issues with the
workplace layout, evaluate the anthropometric fit
of the workplace and the tools and equipment

used, and identify work postures that might pose
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ABSTRACT

Introduction: Yearly, the International Labor Organization report indicates many
workplace accident occurrences. The degree of the happenings depends on the
workplace environment setting and the incident regulatory measures implemented.
By the nature of its work environment, the oil and gas upstream sector is susceptible
to high incident rates. In the current fierce business competition and practices,
improving productivity, quality, and other processes, such as Safety, is vital.
Implementing well-designed safety procedures is the key to managing and

reducing the risk level of workplace incidents.

Methods: Recently, the application of Machine learning (ML) modeling for
accident/injury prediction has been reported in the construction, mining, transport,
and health sectors. Likewise, the objective of this paper was to implement three
machine-learning-based models to predict injury rates in a drilling operation. The
Petroleum Safety Authority of Norway provided the datasets. First, the dataset was
pre-processed, and then the selected features and target dataset were used for the
modeling. Finally, the model prediction and performance accuracy analysis were
performed.

Results: Results showed that multivariable regression (MVR), Random Forest (RF),
and Artificial Neural Network (ANN) machine learning algorithms-based models
predict the test data with R? values of 0.9576, 0.793, and 0.97036, respectively.

Conclusion: As the common saying goes, "prevention is better than cure.' For this,
implementing methods such as improved work processes and Health, Safety, and
Environment (HSE) mitigation procedures, workplace injuries, and accidents allow
for reducing the risk level of workplace injuries. The application of integrated
machine learning tools, along with carefully built-in workplace accident database
implementation, will provide early detection and possible remedial precautions
that can be taken to prevent workplace injuries/accidents/fatalities. However,
extensive research and development are required to deploy the method in real life.
Combining Machine Learning modeling and carefully designed safety measures is
vital for successful and robust predictive tools.

Keywords: ANN, HSE, Multivariate Regression, Occupational injury, Random
Forest, Safety Management
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Introduction
Occupational accidents and occupational injuries
can happen anytime and in any field.
Occupational injury includes personal injury or
fatality from work accidents. The consequences
can affect the employees' performance and
personal life outside of work. A report from the
International Labor Organization estimated that
every year, a considerable number of work-related
accidents and diseases cause death, fatal accidents,
and fatal work-related diseases.! Hamaéldinen et al.
stated that the degree of injuries and their causes
are associated with the working environments
and the safety procedure implemented.? Safety
management at workplaces is becoming the
paramount consideration, and it is being
implemented in several industries as a routine
management activity.? This endeavor's main
objective is to reduce workplace accident risk
levels. The upstream oil and gas sector is
susceptible to high incident rates in the petroleum
industry due to its work environment, remote
location, and confined spaces. For instance,
Morken et al. analyzed the 12 years (1992-2003) of
offshore work-related incidents, which is 6725
cases obtained from the Petroleum Safety
Authority of Norway.* The dataset includes
information such as worker’s diagnosis, age,
occupational category and occupation, and types
of exposure. Four main categories (Maintenance,
Catering, Drilling, and Administration) were
considered. The analysis showed that the
dominant  occupational  categories  were
maintenance work (40%) and catering (21%). The
indicated the

authors have also higher

occupational incident rate associated with
maintenance work and catering in Denmark and
the U.K. offshore sector. It is also noted that the
rate of injuries varies from region to region. The
workplace injuries problem can be avoided, by
implementing properly designed HSE guidelines,
and the risk level can be minimized.’> Dyreborg et
al. presented case studies of the impact of safety
interventions on injury prevention.® The result,
among others, has shown strong evidence that the
safety intervention approach has shown more

effectiveness in preventing injuries. In line with

this, it is of great importance to develop an
accident-identifying tool that allows us to take
appropriate preventive measures to minimize or

avoid the risk of incidents.

Recently the application of machine learning (ML)
for modeling and predicting future event HSE-
associated risks has been tested in engineering,
management, healthcare, and medicine. Examples
of research papers that used machine learning-
based modeling for workplace injury analysis,
among others, are in the construction industry, the
shipping industry, transportation, high-risk flight
environments, the tourism sector, the public sector,
and the petroleum industry. The following

highlights some of the reviewed papers.

Ciarapica et al. assessed the risk of occupational

injury, considering the probability and
consequences of injuries. The authors have used
five years (2002-2006) of occupational injury data
in an Italian region. They developed ML modeling
and reported that Neuro-fuzzy networks are

found to be a powerful tool for prediction.?

In industrial, mining, construction, and services
sectors, Matias et al. have presented ML methods
for analyzing workplace accidents; specifically,
floor-level falls. In this paper, they implemented
different ML algorithms, such as Bayesian
networks, classification trees, and support vector
machines.” The dataset (2003 -2006) was based on
accidents recorded in the industrial, mining,
construction, and services sectors in Vigo, Spain.
The analysis results show the prediction of the
Bayesian network is relatively better and allows
for the provision of recommendations for an
accident prevention policy. Sanchez et al. have
successfully applied the ML model, that is, the
Support vector machines (SVMs) learning method,
to forecast occupational accidents. They
performed a nationwide Survey on work
conditions to access HSE and risk prevention,
among others. The Authors have performed SVM
modeling based on the interview result dataset as
input. According to the authors, the results
indicated that the SVM performance was good in
terms of prediction and the possible overfitting of
the data.?
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In the shipbuilding industry, Fragiadakis, et al.
presented the machine learning predictive and
occupational risk assessment model developed
with an adaptive neuro-fuzzy inference
system.® Tsoukalas & Fragiadakis also presented
multivariable linear regression and genetic
algorithm analysis. Results comparing the
predicted values with the recorded data, the work
has shown that the proposed model indicates the

risk of occupational injury.

In the mining industry, van den Hon et al. have
used Artificial Neural Networks (ANN) to model,
validate and predict the continuous risk of
accidents. Moreover, the authors identified
patterns between the input attributes. Results
based on the case study data showed that ANN
produced a correlation between the predicted

continuous risk and actual accidents.!!

In the transportation sector, Mahdi et al. have
presented Machine Learning (Artificial Neural
Network (ANN) ) and Adaptive-Neuro Fuzzy
Inference System (ANFIS) modeling to classify the
severity of road accidents.’? They investigated the
application of the combined clustering
classification system for categorizing severity in
road accidents. Bedard et al. have also used several
transportation-related accident datasets that affect
the fatality risk of drivers in crashes. They used
multivariate logistic regression techniques that
reveal the fatal injury associated with factors such
as age, sex, and speed. They also indicated that the
risk of fatal injuries is associated with not using a

seatbelt and practicing over-speed.’®

In the petroleum industry, Zaranezhad et al. have
applied ML algorithms to the workplace accidents
dataset related to repair and maintenance at oil
refineries. The ML models used are artificial
neural networks, fuzzy systems, genetic algorithm
(G.A.)), and ant-colony optimization algorithm.
Based on the considered features, results showed
that the perceptron neural network was found to
have the highest prediction accuracy of 90.9%.'
They also evaluated the prediction of hybrid
models, and the neural-GA network obtained the
highest prediction accuracy of 95.9%. The authors
proposed the neural-GA hybrid model to predict

early accident predictions caused by repair and

maintenance.

In the public sector, Sukumar et al. have
implemented different ML algorithms such as
random forest, k-nearest neighbor, and decision
trees for predicting workplace injury/ workplace
incidents. They used the dataset (2015 to 2017)
obtained from the Occupational Safety and Health
(OSHA) which

comprises about 61% fatal and 39% non-fatal

Administration database,
injuries. The target feature of the research was to
predict the nature of the injury, i.e., fatal or non-
fatal. The authors' results showed that the
statistical performance of the decision tree model
was higher than the other two algorithms
employed in the case.'> However, referring to the
work of Wang et al, Sukumar et al. recommended
a Random forest algorithm for high dimensional
data.’>!6¢ The recommendation is in line with the

work of Capitaine et al.l”

In the construction industry, Tetik et al. have
modeled occupational injuries and fatalities. They
used datasets (2010 and 2012) that are the main
factors for the occurrence of construction
accidents. In this study, they employed a decision
tree algorithm for the modeling. The results show
the relationship between the injury status of
workers and the attributes, and the accuracy rate
of the model was 70.26%. They also proposed
applying the model to the prevention and
mitigation strategies for construction accidents.8
Zhu et al. used machine learning techniques to
predict the consequences of construction accidents
based on 16 incident factors. The authors have
implemented eight algorithms: Logistic regression,
Decision tree, Support vector machine, Naive
Bayes, K-nearest neighbor, Random forest, Multi-
Layer Perceptron, and AutoML. According to the
authors, results show that Naive Bayes and
Logistics regression achieve the best F1-Score of
78.3 % on a raw data set. They also reported that
the "Type of accident” and "Accident reporting
and handling" are the most critical factors, and
"Emergency management” and "Safety training"
are critical subsystems that have a significant

impact on the severity of the accident.?”
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In the flight sector, Maynard et al. have used neural
networks and Machine learning modeling to
predict high-risk flight environments from
accident and incident data. Results indicated the
potential application of the ANN model to
identify the most significant flight risks.

In the tourism sector, Chadyiwa et al. have
investigated the application of Machine Learning
Applications in the Prediction of Occupational
Injuries in South African National Park. The
authors compare the performance of the SVM, k-
nearest neighbors (KNN), X.G. boost classifier,
and deep learning neural networks (DNN)
machine learning models concerning the
prediction of occupational injuries. Based on the
considered datasets, the author's results show that
the SVMs had the best performance in

prediction.”!

In a recent public sector study, Khairuddin et al.
presented a Machine Learning Approach and
Feature Optimization for Smart Workplace
Surveillance. For the analysis, the authors have
used 66,405 data from the public occupational
injury records from OSHA. The idea is to develop
a possible occupational Injury Risk Mitigation
method. They employed five machine learning
algorithms: Support Vector Machine, K-Nearest
Neighbors, Naive Bayes, Decision Tree, and
Random Forest. The comparison result reveals
that the Random Forest outperformed other
models with higher accuracy and Fl-score. The
authors have also proposed a feature optimization
technique, and from the study, they highlight the
promising potential for smart workplace
surveillance for future injury corrective and

preventive strategies.?

In a recent injury analysis in the transportation sector,
Augustine et al. applied a machine learning
modeling approach to predict a road accident. For
this, they compared the accident prediction of
machine learning models such as Logistic
Regression, Random Forest, Decision Tree, K-
Nearest Neighbor, XGBoost, and Support Vector.
They wused the government record accident
datasets in a district in India. The comparison

result reveals that the Random Forest algorithm

gave the highest accuracy of 80.78%.% Pandaa et al.
also analyzed the statewide accident dataset in
India for the period 2008-2019 with four different
machine learning methods, including support
vector machine (SVM), random forest (RF),
Gradient Boosting Machine (GBM), and extreme
gradient boosting (XGB). The authors have
considered features such as commercial vehicles,
excess speed, national highways, and pedestrian
faults which are the factors for accidental road
killings. The authors' findings suggest that the
Machine learning model predicts the accident
severity. Among the considered ML models, the
gradient boosting machine achieved the best test

accuracy.

Research motivation and objectives: From the
reviewed research works, we can observe that the
application of ML for predicting workplace
injuries/accidents in various sectors has shown
promising results. However, up to the authors'
knowledge, the application of ML for
occupational injuries in the petroleum industry is
limited. Therefore, this paper aims to present the
application of machine learning modeling to
predict the possible occupational injury rate based
on the available relevant dataset obtained from

drilling activities.

Methods
A total of three ML algorithms were used to

compare which one best suits and ensure the data
used can be used for modeling and predicting
workplace injury rates. Figure 1 shows the
methodology implemented in this paperwork,
which comprises three main parts. These are data
pre-processing, machine learning modeling, and
model performance accuracy analysis. The data
pre-processing was performed to evaluate the
data correlation among the features as well as with

the target injury rate.

Once the features were identified, the second
phase was splitting the dataset into training and
testing to be used for the machine learning
modeling and model predictions. In this paper,
three learning algorithms were selected, namely,
Multivariable = regression, Random  forest
regression, and Artificial Neural network. The
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model prediction was analyzed with the test - and

training dataset. The statistical model’s
performance accuracy evaluation methods used in
this paper were coefficient of determination (R?),
Mean Square Error, and Root Mean Square Error.
The details of how they work are presented in the

following sections.

The authors of this paper used multivariable

regression for multiple independent
variables/features (x1, X2, X3... xn ) to predict the

target variable, y

— 5
_
Data pre-processin

—

y=Bo+BiXs +-+Buxnte 1)

Where

y = the predicted value, which is the
dependent variable or target variable

By = the y-intercept (i.e., the value of y when
all other independent variables are set to
0)

B, = the regression coefficient of the first
independent variable x1

B, = the regression coefficient of the last
independent variable xn

€ = model error (how much variation there is
in the estimate of y)

Data Cleaning
Feature Selectian

Data Splitting
Input Feature/ Target

Training data [70%)

Testing data (30%)

| Machine Learning

Training Algorithms

X_training
Input Features

ANN

Multivariable Regression

Random Forest

X_test

Input Features

——-‘ ML Trained Models |-——

I

l

y_ Training Model Prediction

Target Data

Model Prediction _test

y_ Training Target Data

y_Test Target Data Target Data

I_l_l

I_l_l

Model Accuracy Analysis —|

RMEE | [T Model Accuracy Analysis

Figure 1: The workflow implemented in this study.

Tsoukalas et al. used a multivariable linear
regression method for workplace injury analysis.
In this paper, for the multivariable regression
modeling, input features used were working
hours and injuries within the year range, and the
target output is injury rate by splitting the data

into 70% for training and 30% for testing.1

Random forest is a Supervised Machine Learning
Algorithm. It is used in Classification and
Regression problems. The concept behind the
Random forest algorithms is that they build
decision trees based on different inputs and take
their majority vote for classifying and averages in
case of regression.?® A random forest algorithm is
constructed with a collection of decision trees. The

random forest algorithm is a two-step process.

First, building n decision trees regressor. Each
decision tree regression predicts an output for a
given input. The final output is then obtained
from the Random forest regression by taking the
average of those predictions. Random forest
reduces overfitting since it averages over the
independent trees.”? Random forest machine
learning algorithm has been employed in several

injury studies.”151922 23,28-30

In this paper, Random Forest regression is
performed, splitting the dataset by 70% for
training, and the rest of the dataset (30%) is used
for testing the model prediction. The splitting was

done to yield a statistically meaningful result.

An artificial neural network (ANN), also known

as a neuron network is the mathematical model of
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a system that simulates similarly as biological
neural networks operate in the human brain
capable of learning, prediction, and recognition.?!
Several authors have wused ANN learning
algorithms for the analysis of workplace
injuries.!11214192032. ANN uses nodes, similar to
neurons building the same sorts of complex
interconnections between them (synapses). The
neural network comprises three parts, namely the
input layer, the hidden layer, and the output layer.
The artificial neurons have weighted inputs,
transfer functions, and target output. The
activation of the neuron uses the weighted sum of
the inputs. The single output of the neuron is
generated after passing the activation signal
through the transfer function. The ANN model is
built by using a feed-forward backpropagation
network. The training algorithm used in this study
was the
(TRAINLM). The network training function
updates weight and bias values. In addition, the

LEARNGDM adaptation learning function is used

Levenberg-Marquardt algorithm

to calculate the changing weight and update
returns the weight change and a new learning
state. The network was built with three layers, an
input layer, a hidden layer, and an output layer.
The input layer consists of three neurons the
hidden layers are five neurons and a tangent
sigmoid transfer function (TANSIG) transfer
function and the output layer has one neuron and
the sigmoid TANSIG transfer function. ANN
model was developed using inputs and divided
into ratios of 70 % for training and 15% for testing,

and 15% for validation.

Once the model is built and tested for prediction,
the final stage is to evaluate the model's
performance accuracy. For this, we used the
commonly used statistical parameters such as
mean square error (MSE), root mean square error
(RMSE), and coefficient  (R?),

Montgomery.®

regression

Mean Square Error (MSE):
MSE provides a measure of how close a regression

model is to a measured data point. The closer the

MSE value to 0, the more accurate the regression

model is.
: 2
MSE = %ZiN:l(yipredlcted _ YjACtual) (2)

Root Mean Square Error (RMSE):
RMSE is also

performance indicator. Itis the measure of the

another regression model
mean difference between the actual and the values
predicted by a model. It also estimates the
accuracy of the model to predict the true, target

value.

i 2
RMSE = \/%ZiNzl(yipredlcted _ yiActual) (3)

Regression Coefficient (R?):

R-square(R?) measures the goodness of the best-fit
regression line. It defines the degree of variance in
the target value that can be explained by the input
Features. The R? value varies from 0 to 1. A score
of 1isideal where 100% variation can be explained

by the input feature variable.

~Yi

2
N Mean Actual
Z:i=1(yActual_yi )

dicted _ Actual)?
i ("
RZ =1—- ( 1 )

4)

The secondary workplace injury dataset obtained
from Norway's Petroleum Safety Authority®* was
used for ML modeling and analysis. Except for the
dataset, the details of the causes, categories, kinds
of activities, operators, and other relevant
information associated with the injury dataset
were not reported in the database. Table 1 shows
the dataset, which was recorded from 2009 to 2018,
and consists of four variables (Year, Work-hour,
Number of injuries, and injury rate). The number
of injuries and the associated working hours are
not consistently occurring. The injury rate is

calculated from the dataset as:

([Number of injuries in the reporting period] x
1,000,000) / (Total hours worked)

The data pre-processing was performed with
Pandas/Python library to clean and select features
to be used as input for the machine learning

algorithms.
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Table 1: Workplace injury datasets used in this study.**

Year Work- Injuries Injury- Year  Work- Injuries Injury-
Hours rate Hours rate
2009 8920468 39 4.4 2014 10084881 25 2.5
2009 6363025 48 7.5 2014 5166295 28 5.4
2009 2221184 28 12.6 2014 2347674 12 5.1
2009 11079666 133 12 2014 15125636 178 11.8
2010 8975538 28 3.1 2015 8869938 26 2.9
2010 5893739 47 8 2015 4856239 32 6.6
2010 2321410 23 9.9 2015 2154055 23 10.7
2010 11834044 122 10.3 2015 10636021 113 10.6
2011 8715265 22 2.5 2016 7744388 18 2.3
2011 5594466 43 7.7 2016 4499170 29 6.4
2011 2402714 24 10 2016 2090811 15 7.2
2011 14951055 154 10.3 2016 9779982 82 8.4
2012 8997539 40 4.4 2017 8329241 33 4
2012 5149376 40 7.8 2017 4503183 27 6
2012 2466948 14 5.7 2017 1988017 19 9.6
2012 15408376 157 10.2 2017 9309383 92 9.9
2013 9386604 38 4 2018 10699902 17 1.6
2013 5553985 41 7.4 2018 4598378 21 4.6
2013 2426849 26 10.7 2018 2101929 9 4.3
2013 15721547 137 8.7 2018 10661638 103 9.7

Results

This section presents the training and test results
obtained from the three Machine Learning
modeling methods. Here, the training and testing
datasets were compared with the respective
model predictions. Moreover, the degree of the

model accuracy evaluations will be discussed.

Using the whole dataset, the multivariable
regression model for the injury rate is obtained as:

Injury rate = B, + ; * Year + B3 *

Workhours + 35 * Injury (5)

Where the coefficients are:
Bo=304.119737,
B2=-9.6909E-07, and

B1=-0.14682652,
Bs=0.10734475

The multivariable regression model was built
using the scikit-learn/Python library. Figures 2-3
show the comparison between the training and the
testing datasets with model-predicted values,
the

accuracy analysis results presented in Table 2, it is

respectively. From model performance
shown that the training dataset and the test
datasets correlated with the model predictions

with R? values of 92.6% and 95.7%, respectively.

Table 2: Multivariable model performance accuracy analysis summary.

Performance RMSE MSE R2
Training 1.19875 1.4370 0.9264
Testing 0.94129 0.8860 0.9576
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Figure 2: Scatter plot of 70% training injury rate data vs. multivariable regression model prediction.
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Figure 3: Scatter plot of 30% testing injury rate data vs. multivariable regression model prediction.

The random forest regression was implemented in
Python. The basic concept of random forest
regression modeling is presented in the methods
section, above. Figure 4 displays the comparison
of the random forest model prediction, which is
based on the 70% dataset and the true training
dataset. As provided in Table 3, the model

performance accuracy analysis result shows that
the random forest model predicts the training
dataset with an R2? value of 0.9875. Further, to
evaluate the model prediction performance, 30%
of the test datasets were used. Figure 5 shows that
the random forest model predicts the test dataset
with an R? of 79.3%.

Table 3: Random Forest model performance accuracy analysis summary.

Performance RMSE MSE R2
Training 0.56487 0.3190 0.9875
Testing 1.6946 2.8719 0.793
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Figure 4: Scatter plot of 70% training injury rate data vs. Random forest regression model prediction.
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Figure 5: Scatter plot of 30% testing injury rate data vs. Random forest regression model prediction.

A three-layer ANN was also built. To avoid the
possible overfitting issue, there are different rule-
of-thumb methods for the selection of the
appropriate number of neurons for the hidden

layers.

The number of hidden layers should be:

e Between the number of the input- and the

output layer.

e 2/3 of the number of the input layer plus the

size of the output layer.

e Less than twice the size of the input layer.

To satisfy these three conditions, we selected the
number of the hidden layer to be five. ANN model
is built- in MATLAB/nftool library.® Figure 6
results obtained from the
(dataset) and ANN model

prediction. Table 4 shows the summary of the

displays the

measurement

model performance accuracy analysis obtained
from the ANN training, validation, and testing
datasets. As provided in the table, the ANN-based
model’s R? values of the training dataset,
validation, testing, and all datasets showed a
strong correlation with 0.99975, 0.9979, 0.97036,
and 0.99283, respectively.
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Table 4: ANN model performance accuracy analysis summary

Performance  Samples = MSE RMSE R2
Training 28 0.00447  0.06686  0.99995
Validation 6 0.02012  0.14184  0.99896
Testing 6 0.86798  0.93165  0.97036

Discussion

Workplace injuries are ordinary happenings in
every work environment setting. The severity and
the number of occurrences of the injuries may vary
due to several factors and sometimes could be
deadly. By the nature of its work environment,
remote location, confined spaces, and long
working hours the oil and gas upstream sector is
susceptible to high incident rates. This is in line
with the findings of Palathoti S. et al.3 In the

current business competition and practices, it is
customary to make every effort to continuously
improve; among others, productivity, quality, and
Safety are no different. The current trend in safety
practices is Safety is left alone for the safety officer
and safety department. However, Safety should

also be every employee's responsibility.

Despite technological development, improved
and Health,
(HSE)

work processes, Safety, and

Environment mitigation procedures,
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workplace  injuries, and  accidents are
continuously reported worldwide.! The degree of
workplace injuries and accidents varies
depending on the environmental conditions and

safety measures.

The use of contemporary tools plays a vital role in
analyzing and accident rate forecasting. As
reviewed in the introduction, many studies have
applied Artificial intelligence techniques (both
regression and classification models) in predicting
injury outcomes in various fields, including
medical, mining, tourism, transport, and
construction sectors. Model analysis results
showed that ML is a promising tool for forecasting
and injury analysis. The application of the models
for injury prediction allows for learning from
previous injuries and positive developments
related to risk controls and mitigation measures.
In addition to modeling, continuous improvement
approaches are vital in updating safety measures
and precautions to minimize the risk and improve
the workplace with the involvement of every

employee.

ML application in Safety would help top
management in making knowledgeable decision
making. It can help them in making general rules
from substantial amounts of cases belonging to
highly dimensional spaces and is, therefore, a way
to ground safety-related decisions under
knowledge. ML

application could lead to improved decision-

uncertainty on empirical

making and reduce the accident rate.

The application of artificial intelligence for injury
assessment study is limited in the petroleum up -
ML model

performance analysis has shown promising

and downstream. Since the

results in various sectors, this paper also aimed to
seek the potential application of Machine
Learning modeling and prediction of injuries
based on the considered dataset in the petroleum
industry. For the evaluation, multivariable,
Random forest, and ANN machine-learning
regression models were selected. Their modeling

and optimization procedures are different.

The multivariable regression model is a linear

combination of weighted input features related to
the target variable. The best regression model is
obtained first by writing the error square function,
which is the sum of the square of the difference
between the multivariable model and the
measured, target variable. Applying partial
differentiation on the error function concerning
the curve fitting coefficients results in optimized
coefficients and hence the best-fit model is

obtained.

On the other hand, the ANN modeling applies
feed-forward-backward propagation training
algorithms to achieve the best weight and bias

parameters resulting in minimized error.

Unlike the Multivariable and ANN modeling, the
Random forest regression is based on building n
decision trees regressor (estimator). Then, the final
output is then obtained from the average of those
predictions. Random forest reduces overfitting

since it averages over the independent trees.

Implementing the above three ML training
algorithms on available injury data obtained from
the North Sea offshore drilling sector, the model's
assessment results have shown that the model's
predictions are pretty good. However, since the
results obtained were from limited datasets, it is
difficult to make conclusions for model
deployment unless more research is conducted.
Regardless of the predictions, the work presented
in this paper was to demonstrate the application
of machine learning models to predict injuries in
the petroleum industry, as also shown in the
review of several other public and industrial

sectors.

In addition to the selected ML regression models,

in the future,
e develop a classification-based model that
could predict accident or injury occurrences.

e implement the regression algorithms that

were not used in this paper

e include more features that affect workplace

accidents or injuries.

Morken et al. presented injuries during drilling

operations under five categories, each having
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different sub-factors. The database to be used
would include Administration, Catering, Drilling
and operation, Construction, maintenance, and
other injury-related operations. Moreover, the
details of the accident, fatal, injury on which part
of the body, work department, gender, age, etc.
The detailed information on the input features

allows for accurate and reliable prediction.*

Conclusion

In recent years, the application of ML modeling
for injury and safety studies has been increasingly
used. Several types of ML algorithms are utilized
to model accident/injury data obtained in different
sectors, such as mining, transportation, and
construction. The performance of the model
predictions is also reported to be a potential tool
for injury detection and forecasting, which would
be necessary for safety practitioners and

policymakers.

Due to the limited ML-based injury studies in the
oil and gas industry, this paper presents a
preliminary ML modeling on drilling-related
injury datasets. Model performance accuracy
analysis results obtained from the three ML

models show that:

e The model

regression, Random Forest, and Artificial

accuracy of Multivariable
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Introduction

Novel coronavirus

disease

ABSTRACT

Introduction: Novel coronavirus disease (COVID-19), a pandemic was declared by
WHO on 11 March 2020. The lockdown had an evident impact on various sectors
including the Information Technology sector. Few studies have been conducted to
find out the levels of stress in Information Technology professionals. During the
COVID-19 pandemic, all employees of Information Technology companies were
informed to work remotely at their homes without any prior information, training
and mental acceptance i.e. “‘work from home’. Information technology professionals
have occupational stress &working from home during COVID-19 had added
mental stress. The present study was planned to assess the impact of the COVID-19

pandemic on perceived stress in Information Technology professionals.

Methods: Present study was a cross-sectional observational study. Volunteers of
the Information Technology sector (n=200) of either sex in the age group of 25 to 55
years participated in the study. PSS was administered through Google Forms and

scores were analyzed.

Results: Association of various stressors with PSS was done which showed a
significantly positive association. The mean PSS score of subjects was 23.53 + 7.39.
Twelve (6%) employees had mild, one hundred twenty (60%) had moderate and
sixty-eight (34%) had high stress levels. This study explored that IT professionals

experienced an  additional level of stress during the COVID-19 pandemic.

Conclusion: The present study concluded statistically significant moderate levels

of stress in IT professionals of either sex with the outbreak of (COVID-19) pandemic.

Keywords: COVID-19, Information technology, Perceived Stress Scale, Stress.

(COVID-19), a prevent and slow down the spread of the virus

pandemic was declared by WHO on 11 March
2020.1

worldwide, crossing international boundaries,

Pandemic is an epidemic occurring
and usually affecting a large number of the
population.?

lockdown,

The Government had enforced

quarantine, and social distancing measures to

Int. J. Occup. Safety Health, Volume 14, No 2 (2024), 166-173

from person to person.? The lockdown had an
evident impact on various sectors including the
Information Technology sector which collectively
employs approximately 4 million people. All
employees of Information Technology companies
were informed to start ‘work from home’” meaning
working remotely at their homes without any

https://www.nepjol.info/index.php/IJOSH
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prior information, training, and mental

acceptance.4®

Stress refers to a perceived or actual threat to
physical and or psychological homeostasis of the
human body causing activation of the
hypothalamus — Pituitary - Adrenal axis.® Studies
have shown that epidemics like SARS have
created stress among the general population and
patients.” The worldwide COVID-19 Pandemic
was also posing a drastic effect on individual
mental as well as physical health. The increasing
number of cases & high mortality led to anxiety

and depression globally.*

There are various methods to estimate levels of
stress. Perceived Stress Scale, is a prevalidated
questionnaire that measures the degree to which
situations in one’s life are perceived as stressful in

the last one month.6

Studies have also shown that Information
technology professionals have occupational stress
like lack of advancement of career, high workload,
risk involved in decision making and expectation

from job, etc.”$

COVID-19

employees of the Information technology sector

During the pandemic, many
started work from home, on short notice and
without pre-preparation and proper setup. They
also faced difficulties coping with their work

timing, looking after kids and their online classes.*

Female information technology employees had
faced added difficulties in dealing with household
chores without domestic help, while others faced
difficulty in accessing the internet. Adding more
to these challenges, the employees had difficulties
in attending online meetings and concentrating on
work due to small houses thus lacking privacy

and fear of losing their job.*

Few studies have been conducted to find out the
Perceived stress level in Information Technology

professionals during the COVID-19 pandemic.8910

So the present study was planned to assess the
impact of the COVID-19 pandemic on perceived

stress in Information Technology professionals.

The present study was a cross-sectional study
which is a type of observational study design. In
this study outcome & exposure were measured at
the same time by observation without any
intervention. Volunteers of the Information
Technology sector (n=200) of either sex in the age
group of 25 to 55 years participated in the study.
Purposive sampling was used to select
information technology professionals of Pune city.
The sample size estimation was done using the
results of a study done by Sherrill W. Hayes et al.
Standard deviation of the perceived stress scale
was 5.49 considering the allowable error equal to
0.8 and 5% level of significance, sample size was
calculated to be 200.

The study was approved by the Institutional
ethical committee. Online informed consent was
obtained from subjects. The study was conducted
online in July 2020 in Pune. A Google form
including multiple choice questions of perceived
stress score & other questions like working hours,
disturbed sleep, household work affected due to
working from home, fear of losing the job, impact
of social media, kids online classes, sedentary
lifestyle due to less time for exercise, food craving,
mood swings & poor internet connectivity was
designed. The Google form was shared in June
2020 and 3 days were given to fill in the answers

and submit the form.

Subjects suffering from adrenal disease, anxiety
disorder and those having a history of taking
medication e.g antidepressants, hormonal therapy

and steroids were excluded from the study.

The Perceived Stress Scale (PSS) is a classic stress
assessment instrument and the most widely used
psychological instrument for measuring the
perception of stress.! It is a measure of the degree
to which situations in one’s life are appraised as
stressful. Items were designed to tap into how
unpredictable, uncontrollable, and overloaded
respondents find their lives. The scale also
includes a number of direct queries about current
levels of experienced stress. The PSS was designed
for use in community samples with at least a

junior high school education. The items are easy to
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understand, and the response alternatives are

simple to grasp.

The questions in this scale ask you about your
feelings and thoughts during the last month. In
each case, you will be asked to indicate by circling
how often you felt or thought a certain way.
Moreover, the questions are of a general nature
and hence are relatively free of content specific to

any subpopulation group.

PSS scores are obtained by reversing responses
(eg,0=4,1=3,2=2,3=1& 4=0) to the four
positively stated items (items 4, 5, 7, & 8) and then
summing across all scale items. A short 4-item
scale can be made from questions 2, 4, 5 and 10 of
the PSS 10-item scale.

0 =Never

1 = Almost Never

2 = Sometimes

3 = Fairly Often

4 = Very Often

Individual scores on the PSS can range from 0 to

40 with higher scores indicating higher perceived
stress.!! Scores ranging from 0 to 13 - Low stress,
14 to 26 - moderate stress, and from 27 to 40 - high

perceived stress.

Data analysis was done by SPSS (Statistical
Package for Social Sciences) version 28.0. The data
was expressed as mean + standard deviation. Data
was analyzed in percentage (% ) for multiple-
choice questions and the PSS questionnaire. The
association of various stressors with PSS score was
analyzed and p-value <0.05 means that the value

was statistically significant.

Results

200 subjects of either sex in the age group of 25-55
years participated in the study. Out of 200
subjects, 115 (57.5%) subjects were male and 85
(42.5%) subjects were female. The mean PSS score
of subjects was 23.53 + 7.39. The mean PSS score of
male was 23.13 + 7.41 and female was 24.07 +7.33.

Out of 200 subjects, 12 (6%) had mild stress, 120
(60%) had moderate levels of stress and 68 (34%)
had high stress levels (Figure 1).

m Mild

® Moderate

1 Severe

Figure 1: The stress levels in the subjects as assessed by Perceived stress scale
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PSS Score in male and female Subjects

80.00%

70.00%

60.00%

50.00%

40.00%

PSS
Score

30.00%

20.00%
10.43

Low (0-13)

10.00%

0.00%

= Male (n=115)

69.41
Moderate (14-26) High (27-40)

" Female (n=85)

Figure 2:, PSS score in male and female subjects

The important stressors found in our study were
disturbed
difficulties dealing with the household chores

prolonged working hours, sleep,
without domestic help, fear of losing the job, kid’s
online classes, negative news propagated on news
channels & social media, poor internet
connectivity, food craving, mood swings, excess
workload, sedentary lifestyle due to less time for
exercise, job pressure and COVID-19 phobia

(Table 1).

Out of 200 subjects, 53.5% were stressed due to

prolonged working hours of more than 10 hours

daily and 78% of subjects reported that they are
having disturbed sleep. In 73.5% of subjects,
household work was affected and 67.5% of
subjects were having fear of losing job. In 80% of
subjects, the impact of social media was the main
stressor and in 59.5% of subjects, managing kid’s
online classes along with working from home was
causing stress. 56.5% of subjects reported that the

pandemic had a negative impact on their lives.

The results also showed that most of the subjects
experienced moderate levels of stress during the
last one month (Table 2).

Table 1: Association of various stressors amongst IT professionals with the level of stress (PSS score).

Stressors amongst IT Professionals PSS score Chi-
Total | square | p-value
Items causing stress Low | Moderate | High value
6-8 hours 9 20 0 29
Working hour 8-10 hours 2 43 19 64 52.08 <0.001"
>10 hours 1 57 49 107
Yes 26 76 54 156
Disturbed sleep 4994 | <0.001*
No 30 14 0 44
Yes 34 78 35 147
Household work affected 30.59 <0.001%
due to work from home No 33 19 1 53
Yes 10 62 63 135 <0.001*
Fear of losing a job 59.3
No 27 38 0 65
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Yes 40 56 64 160
Impact of social media 23.7 <0.001*
No 18 22 0 40
Yes 1 87 32 120
Kids online classes 54.71 | <0.001*
No 26 53 1 80
i Yes 33 53 5 91
Sedenta.ry lifestyle d.ue to 677 0.034
less time for exercise No 48 61 0 109
. Yes 32 44 0 76
Food craving No = - 1 154 0.62 0.74
Yes 29 36 2 67
i 42 .81
Mood swings No =) - 2 133 0 0.8
Poor internet connectivity Yes 20 40 1 61 3.99 0.14
P <0.001 — Highly significant
P >0.05 — Not significant
Table 2: Responses to PSS questionnaire:
S. Questions Never Almost Sometimes | Fairly often | Very often
N n=200 (%) Never N=200 (%) | N=200 (%) | N=200 (%)
N=200 (%)
1 | upset because of | 15 (7.5%) 12 (6%) 116 (58%) 51 (25.5%) | 6 (3%)
something that happened
unexpectedly
2 | unable to control the | 11 (5.5%) 27 (13.5%) | 99 (49.5%) | 42 (21%) 21 (10.5%)
important things in your
life
3 | felt nervous and | 8 (4%) 13(6.5%) 122(61%) 43(21.5%) 14 (7%)
"stressed"
4 |felt confident about | 34(17%) 81(41%) 70(35.5%) 9(4.5%) 6(3%)
ability to handle personal
problems
5 | things were going on way | 28 (14%) 63 (31.5%) | 97 (48.5%) | 7 (3.5%) 5 (2.5%)
6 | could not cope with all the | 5 (2.5%) 12 (6%) 127 (63.5%) | 36 (18%) 20 (10%)
things
7 | able to control irritations | 23(11.5%) 58 (29%) 108 (54%) 5 (2.5%) 6 (3%)
in the life
8 | were on top of things 24 (12%) 33 (16.5%) | 126 (63%) 10 (5%) 7 (3.5%)
9 | angered because of things | 3 (1.5%) 18 (9%) 109 (54.5%) | 47 (23.5%) | 23 (11.5%)
that were outside of
control
10 | difficulties were piling up | 9 (4.5%) 33 (16.5%) | 95(47.5%) | 54 (27%) 9 (4.5%)
so high that could not
overcome
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This study highlighted the level of stress and
various stressors faced by IT professionals of
either sex on day-to-day basis with the outbreak of
(COVID-19) pandemic.

The present study showed statistically significant
moderate levels of stress in IT professionals of
either sex as shown in figure no. 1, however, the
result showed that the level of stress in females
(figure no. 2) was more than in males. Similar
results were found in a study conducted by Riba
Maria et al.® A sudden change in the mode of
work, from office setups to working from home
led to difficulty in coping with office work and
household chores.> Adding to their difficulties,
fear of losing job, and managing kids’ online
classes may be a factor causing anxiousness in
these professionals. Staying indoors led to an
increase in the usage of social & digital media
platforms, propagating fear of the COVID-19
pandemic amongst the population. Many studies

have also documented the same results.4910

Our study showed a significant positive
association between various stressors with
perceived stress. In our study, 80% of subjects
reported a negative impact of social media on their
mental health status. Similar results were shown
in various studies which highlighted the mental
health issues among male & female employees
who were experiencing feelings of distress.1213The
Present study showed a significant positive
association of prolonged working hours with
perceived stress. 53.5% of professionals who were
working for more than 10 hours daily showed
moderate to high levels stress. Similar results were
shown in a study conducted by S. Karthikeyan
Arasu et al who documented that 56% of IT
professionals who were working for more than 8

hours suffered from a moderate level of stress.8

In our study, 67.5% of subjects had a fear of losing
job. A study done by Khudaykulov A et al. also
reported that the pandemic led to job insecurity in
subjects.!* In this study, 54.5% of volunteers got
angry sometimes and 35% of volunteers got angry
often. A study done by Smith et al, documented

that anger was associated with younger age and

an increased likelihood of facing significant

financial difficulties.!5

Our study found that 73.5% of subjects felt
stressed due to household work getting affected
by “work from home”. Similar results were found
in a study conducted by Jelena Lonska et al.®
59.5% of subjects showed a positive association of
perceived stress with kids' online classes. The
result is similar to a study conducted by Priyanka
Harjule et al.”” Present study documented that
52.5% of subjects felt stressed due to an inactive
lifestyle as also highlighted in a study done by
Ruberti OM et al.'8

In our study few subjects also experienced that
food cravings, mood swings and internet
connectivity problems resulted in creating a lot of
mental stress but there was no significant
association of these stressors with perceived

stress.

The work pattern was unstructured unlike the
pre-Covid times affecting the mental health of
many subjects.! Study done by S. Karthikeyan
Arasu et al highlighted that IT professionals face
stress, anxiety and depression due to exposure to
many stressors in the workplace.® Studies have
shown similar results emphasizing overall
decreased work capability, productivity and

performance in IT professionals.s

The probable mechanism that explains the cause
of mental stress in volunteers is a complex
relationship  between  mental stress &
Hypothalamo Pituitary Adrenal (HPA) system.
The stressors initiate the stress response of the
sympathetic nervous system. Psychological
stressors increase glucocorticoid levels through
increased adrenal activity by activating the HPA
axis which inhibits the functions of lymphocytes,
macrophages, and monocytes, leading to
decreased immunity and thereby increasing the
susceptibility to infection leading to poor work
performance, decreased concentration and overall

work efficiency.6

The present study concluded statistically

significant moderate levels of stress in IT
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professionals of either sex with the outbreak of
(COVID-19) pandemic.

Our findings have key implications for
organizations and their leaders who need to
revisit work-from-home policies for the future
workforce. India is one of the leading hubs of
Information technology, employing lakhs of
people. Thus there is a need to work on
minimizing the stressors at the workplace as well
as the work-from-home setup & work policies for

better physical & mental health of their
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Introduction

In India, there are an estimated 5-6 million truck
drivers, of whom 3.5-4 million are categorized as
long-distance drivers.! Previously, the Hip joint

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 174-185

ABSTRACT

Introduction: Hip micro-instability is a growing concern in adults, contributing to
hip joint dysfunction and early osteoarthritis. Around 20-25% of people aged 50 and
older suffer from hip and knee pain due to chronic wear and tear of joint cartilage.
Hip instability is often characterized by painful extra-physiologic hip movements.
Long-distance truck drivers often travel long routes with their hips in an
ergonomically compromised position, causing pain due to vibrational forces and

postural stress.

Methods: A six-month cross-sectional study was conducted in a rural tertiary care
hospital in Karad, involving 103 long-distance truck drivers aged 35-45, working
over 12 hours a day and 5 days a week without trauma history. The drivers were
assessed using the Anterior Apprehension Test, Prone Apprehension Test, and AB-
HEER test. The data was analyzed using statistical procedures, providing valuable

insights into the drivers' experiences and potential health issues.

Result: The study found that over 12% of participants experienced hip micro-
instability, with a significant positive correlation between driving years and pain.
The assessment revealed anterior hip micro-instability in flexion (P value = 0.0121),
adduction, and internal rotation ranges, while posterior instability was observed in
extension, abduction, and external rotation ranges.

Conclusion: The study revealed that over 12% of participants had hip micro-
instability. Among truck drivers, anterior hip micro-instability was more common
due to capsular laxity caused by prolonged exposure to vibrational forces acting
axially over the hip and spine. The study also discovered the existence of hip micro-

instability related to ligamentous laxity.

Keywords: Hip joint dysfunction, Hip micro-instability, Hip osteoarthritis, Joint

laxity

was particularly considered as a constrained joint
that has a powerful suction seal; which helps the
joint to achieve its full functional ability.>3 So, hip

https://www.nepjol.info/index.php/IJOSH
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joint instability was rarely considered or it was
thought to be some pathological occurrence like
trauma or any kind of developmental bony
abnormality like acetabular dysplasia; but the
recent evidence of anatomic and finite elemental
analysis studies suggests that the relationship
between the femoral head and the acetabulum is
not perfectly congruent/spherical.#7 It is
considered to be quasi-hemispherical, as the
acetabulum covers only 170° of the femoral head.
The posterior coverage is greater than the anterior
coverage, which is due to the acetabular tilt of 48°
degrees in the coronal plane and 21° in the sagittal
plane. The femoral neck is noted to be inclined
superiorly by 130° relative to the femoral shaft and
anteverted by 10° relative to the femoral trans-
condylar axis. Under the influence of physiologic
loads there is flattening and widening of the
weight-bearing surfaces; and also a translation
measuring up to 2-5mm which is observed at the

joint.% 9

Micro-instability of the hip is one such new
pathology which is generally defined as a painful
supra-physiological mobility of the hip that is
associated with architectural and functional

abnormalities that impair the hip stability.10-12

Several risk factors have been noted and described
which are responsible for the supra-physiologic
motion of the femur relative to the acetabulum,

which is classified into 6 categories.!?

(1) Bony abnormalities

(2) Connective tissue disorders
(3) Post-traumatic

(4) Micro-traumatic

(5) latrogenic

(6) Idiopathic.

The symptoms of hip micro-instability include
pain, apprehension, or sensation of instability
which can be seen acting only upon the activities
demanding major hip involvement. The pain is
majorly observed in the inguinal fold which has

been progressive over a period of time.!®

The patho-mechanics for hip micro-instability

usually begins with some abnormalities present

anatomically in and around the joint; which are
subtle or significant in the presence of repetitive
forces across the joint. These repetitive forces
consist of joint rotation and axial loading which
cause damage to the soft tissue stabilizers of the
hip, including the labrum and the capsule-
ligamentous complex, which then ultimately
results in increased translation of femoral head
over the acetabulum, stressing the surrounding
soft tissues, increasing the labral tension and
causing micro-trauma to the joint capsule which
leads to labral breakdown and capsular ligament
stretching resulting in symptomatic hip micro-
instability. Micro-instability once setin, can
further cause damage to the bony as well as the
chondral surfaces leading to early degenerative
changes. Such individuals may or may not have
underlying joint laxity.#®A wide range of
inflammatory and degenerative conditions
affecting soft tissues and skeletal structures that
are brought on by or made worse by work or
environments associated with it are collectively
referred to as work-related musculoskeletal
disorders (WMSDs). If treatment for MSDs is
delayed, they may worsen and become more
serious injuries.’ One of the largest populations
that account for work-related musculoskeletal
disorders in the spine and hip is considered to be
high mileage truck drivers.””'8According to the
2006 statistics, analysis by the Bureau of LabourUS,
the drivers of heavy vehicles like trucks and
tractors are associated with the second highest
number of occupational illnesses and
injuries.®Similarly some studies show a great
prevalence of Work-related musculoskeletal
problems (WMSDs) in drivers in the Iranian
population.®This population has been often
linked with the presence of musculoskeletal pain
arising due to poor posture, where the drivers are
exposed to prolonged periods of vibrational forces
acting axially over the spine and hip. This
contributes as a major factor in inducing

musculoskeletal pain.?!-+

Loading and unloading heavy goods, decoupling
the trailers, tarpaulins to be strapped down, and

jumping up and down from the vehicle seat are
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the other factors that are linked to the occupation
or collectively termed occupational stressors
which are also responsible for musculoskeletal
pain.?Such mechanically demanding activities are
carried out by the following large periods of
inactivity, lack of preparedness and usually an
undernourished body considering the unhealthy
eating habits and rest periods during the travel.
Such a negative lifestyle is also an important factor
leading to musculoskeletal pain amongthem.?
There have been limited studies investigating the
occurrence of hip painand hip micro-instability in
truck drivers. Therefore, it is critical to assess if hip
micro-instability is present as an alternative cause for

hip pain in truck drivers.

Methods
This study was conducted in a rural tertiary care

hospital in Karad and according to the previous
study, prevalence of a total of 103 individuals
were randomly selected based on the following
selection criteria. They are as follows 1. Long-
distance truck drivers by occupation 2. Within the
age group of 35-45yrs 3. Working for more than
12 hours in a day 4. Working for 5 days/week 6.
No history of trauma.’” They were assessed by
using the Anterior Apprehension Test, Prone
Apprehension Test, and AB-HEER test. The
recruited subjects were the ones who complained
of pain in the hip during their visit to the
occupational health screening camp organized at

a tertiary care hospital, in Karad, Maharashtra.

Sample size (n) =(Z1-o¢/2)%(p)(q)/d?
= 1.96x1.96x0.7x0.3/(0.05)2
=80

Where; Z=1.96 at 95% confidence level

p = prevalence=78%=0.7
a=l-p
d=5%=0.05

But in this study, 103 individuals were included.

All the patients were explained the aims,
objectives, procedure, and benefits of the current
research work along with written consent and
verbal informed consent that was taken from all

the patients before including them in this study.

The screening was divided into two parts:
Interview and Physical Assessment. Interviewing
consisted of the collection of Demographic
information of the patients including name, age,
number of years of driving, presence of any other
pathology and/or medications, and presence of
ligamentous laxity if yes the score was noted as
per Beighton’s criteria and a precise subjective
pain assessment encompassing Visual Analogue
Scale at rest and on movement was documented
before physical assessment of the patients was
started by first assessing for tenderness which was
recorded after palpation at the site of pain and
graded according to the grades of tenderness; a
range of motion was assessed with the help of
goniometer for all the hip ranges; strength of hip
musculature was assessed with manual muscle
testing of all the muscle groups and graded
according to the grades of MMT,; provocative
maneuvers such as Abduction-Extension-External
Rotation test, Anterior Apprehension Test,

Posterior apprehension test wasperformed.

Test/HEER

(Hyperextension-External Rotation) is performed

The Anterior Apprehension
with the patient in a supine lying position over the
examination plinth at the foot end of the plinth
and the legs lying freely off the plinth. The
examiner stands over the examination side and
applies an anteriorly directed force at the hip,
while the contra-lateral hip is flexed by the patient
himself holding the extremity. Now the examiner
passively hyperextends and externally rotates the
ipsilateral hip. If anterior hip pain is provoked in
this maneuver, then it indicates positive test

results.27.28

The Prone Apprehension Test is performed with
the patient in a supine position. The examiner
stands on the examination side, and the subject’s
affected hip is placed in 90° flexion, abduction,
and internal rotation. The examiner then exerts a
force anteroposteriorly downwards on the knee. If
any pain sensation is induced it indicates that the
test is positive for posterior labral lesion/posterior

instability.?728
The AB-HEER test is performed with the patient
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in a side-lying position with the affected hip
placed upwards. The examiner then abducts the
hip to 30°- 45°, extends, and rotates externally. An
anteriorly directed force is applied to the posterior
aspect of the greater trochanter. A positive test

result yields pain in the anterior hip region.??

Results

The results of the present study revealed that there
was the presence of hip micro-instability with hip
pain amongst the subjects which caused
discomfort. It revealed that over 12% of
participants showed positive results for hip micro-
instability. A significant positive correlation was
observed between the number of years of driving
to pain (p-value <0.0001).On assessment, there was

an increase in flexion, adduction, and internal

rotation ranges which hence revealed anterior hip
micro-instability (P value =0.0121) as compared to
extension, abduction, and external rotation ranges
which revealed posterior instability. However,
the severity of pain was observed to be related to
the years of driving by the subjects. The presence
of ligament laxity is a major factor in ruling out hip
micro-instability from any other pathology.
Depending upon the type of instability i.e.
anterior instability or posterior instability the
range of motion which was affected was

determined.

A total of 103 participants were evaluated for the
study. The participants were between 35-45 years
and had complaints of pain in their hips (Table 1).

Table 1: Demographic Variables

Demographic variables No of participants | Percentage of participants(%)
Age

35-38 29 28.15 %
39-42 38 36.89%
43-45 30 29.12%
More than 45 6 5.82%
Pain region (severity on VAS)

Gluteal region 19 18.42%
Inguinal region 47 45.63%
The proximalaspect of lateral thigh 24 23.30%
Pain in all 3 regions 13 12.6%
Years of driving

10-15 49 47.57%
16-20 48 46.60%
More than 20 6 5.82%
Exercising/Non-exercising

Exercising 0 0%
Non-exercising 103 103%
Laxity

Present 14 13.59%
Absent 89 86.41%

Among the 103 individuals complaining of hip
pain, 12% of them were positive for hip micro-

instability and 4% of individuals showed femoral-

acetabular impingement and the remaining 84%
of individuals need further investigation to rule

out the significant root cause for their hip pain.

177



Shindhe et al. Estimation of Atraumatic Hip Microinstability Among Long-distance Truck Drivers in Western Maharashtra: A Cross-Sectional

Study

(Figure 1)

Total Participants with Percentage of Hip Micro-instability
and Femoral-acetabular Impingement

Hip Microinstability ™ Femoral Acetabular Impingement M Normal

Figure 1:Total participants with the percentage of hip micro-instability and femoro-acetabular

impingement

Years of Driving and Pain on VAS

100%
80%
60%
40%
20%

0%

17%

Less than 15

M less than 5

81%

More than 15

More than 5

Figure 2:Years of Driving and Pain on VAS

Figure 2 demonstrates a correlation between the
number of years of driving and the intensity of
pain experienced by the truck drivers, regardless
of the presence/absence of hip micro-instability. It
was observed that 83% of participants who have
less than 15 years of driving experience; showed
an average VAS of less than 5 and the remaining

17% more than 5. And similarly, for the subjects

who were driving for over more than 15 years; 19%

of them showed an average VAS falling below 5

and over 81% of them above 5.

As per previous studies, it is estimated that
ligamentous laxity may or may not be present in
individuals who have hip micro-instability. The

above graphs depict that among the individuals

who do not have ligamentous laxity only 5% of
them are those who have been diagnosed with hip
micro-instability whereas the individuals who
have laxity present 79% of them have been
diagnosed with hip micro-instability. This thus
infers that laxity might be present or absent in

individuals with hip micro-instability. (Figure 3)

Figure 4 reveals that the individuals who showed
positive results for anterior micro-instability
showed significantly increased flexion, internal
rotation, and adduction ranges than normal
ranges as compared to extension, external rotation,

and abduction ranges.

Figure 5 demonstrates that the individuals who
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showed positive results for posterior micro- than normal ranges as compared to flexion,
instability = showed significantly increased internal rotation, and adduction ranges.

extension, external rotation, and abduction ranges

Ligamentous laxity and Impairments present

100%
80%
60%
40%
20%

0%

79%

e

Ligamentous Laxity absent Ligamentous laxity present

B No impairments 1 FAI = Hip Microinstability

Figure3: Ligamentous laxity and Impairments present

ROM affected in Anterior Instability

80%
70%
60%
50%
40%
30%
20%
10%
0%

Flexion and Extension Internal and External Abduction and Adduction
rotation

Figure 4: ROM affected in Anterior Instability
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ROM affected in Posterior Instability participants
100%
80%
60%
40%
20%
O% I
Flexion and Extension Internal and External =~ Abduction and Adduction
rotation
Figure 5: ROM affected in Posterior Instability participants
Discussion

The hip is regarded as an anatomically stable joint
because it has passive, active, and neurological
elements that work together to promote stability.
Truck drivers have been often linked with the
presence of musculoskeletal pain arising due to
poor posture, wherein the drivers are exposed to
prolonged periods of vibrational forces acting
axially over the spine and hip. This contributes as
a major factor in inducing musculoskeletal pain.
Investigations suggest that hip musculoskeletal
pain as a whole is one of the main causes of hip
micro-instability. Hence, it is important to
evaluate the presence of hip micro-instability

among long-distance truck drivers.

A review by A.Dangin et. al included studies using
interviews, clinical examination and imaging as
an assessment tool for the evaluation of hip micro-
instability as hip instability cannot be diagnosed
alone with imaging.?’ Whereas, in our study, we
used clinical examination as the standard
assessment method along with interview
assessment. Another study by D’Hemecourt P and
Rodriguez M et al used physical assessment as a
key investigation method rather than relying on
the static imaging modalities for the
understanding of micro-instability.?*3! Whereas
this study's results showed that a significant
population reflected the presence of hip micro-
instability as an underlying cause of pain and
discomfort. The results were confirmed with

statistical analysis using the “chi-

square test”. After this, 12% of subjects reflected
the presence of hip micro-instability, which thus

helps us to bring this pathology into the limelight.

Additionally, Philippon M et al depicted that 35%
of people presented with hip micro-instability,
post previous hip surgery who needed to undergo
a revision surgery.® Similarly, a study done by
McCormick F et al depicted that 78% of patients
presented radiographic evidence of capsular and
iliofemoral defects on the imaging studies done by
magnetic resonance arthrography (MRA) who
reflected on the symptoms of hip micro-instability
after previous surgery.®® Comparing the study
results with Philippon M et al and McCormick F et
al, their findings for the evidence of hip micro-
instability were among the post-operative
population. Whereas, in our study, we included
subjects who don’t have a history of surgery or

trauma to the hip.?

As per studies done by Riboh JC et al and Grahme
R, most of the patients who were hyper-laxative
showed the presence of microinstability.3+%
Whereas, Luis Cerezal et al stated that hip laxity
and micro-instability are not co-related. The
subjects who presented with symptoms directed
toward laxity; were categorized as positive for
micro-instability. Whereas, asymptomatic subjects
who were able to subluxate a joint, definitely had
laxity but not micro-instability. Clinically, it
concluded that a patient with micro-instability
will have laxity in both hips, but only the
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symptomatic subjects were classified as having
micro-instability.®**Similar results were inferred
from our study where 79% of hyper-laxative
individuals were diagnosed with the presence of
hip micro-instability. While 5% of the population
who were diagnosed with hip micro-instability
did not report the presence of underlying joint
laxity. This opens a new door for further research
on whether the presence of joint laxity should or
should not be considered as the diagnostic criteria

while ruling out hip micro-instability cases.

A study by Danginet al brings into focus the co-
relation of capsule relaxation/laxity which focuses
on the increase in the range of motion in the joint
capsule. The study suggested that the anterior
capsule relaxation/anterior laxity led to an
increase in the flexion range of motion.?” While our
study was focused on two aspects i.e. anterior or
posterior micro-instability; the subjects that
showed positive results for anterior micro-
instability had anterior capsule relaxation leading
to increased flexion, internal rotation, and
adduction. Whereas, the subjects’ that showed
positive results for posterior micro-instability had

posterior capsule relaxation leading to increased

extension, external rotation, and abduction ranges.

As per the study done by Domb et al ; standard
assessmentsfor the diagnosis of micro-instability
are the three physical examination tests, AB-HEER
test, Anterior apprehension test, and Posterior
apprehension test. While performing the AB-
HEER and anterior apprehension test the hip is
externally rotated, which has been shown to result
in anterior translation of the femoral head thus
depicting anterior capsule relaxation/instability
was used.® Thus, with this reference anterior and
posterior micro-instability was assessed in our
study. Also, another study by Shu Safran et al
performed the posterior apprehension test,
wherein the hip is internally rotated and thus,
posterior translation of the femoral head has been
noted.! Also as per Daniel J. Hoppe et al the AB-
HEER test is the most accurate predictor of hip
instability because of its combination of high

sensitivity and specificity. However, all 3 tests

showed specificities and positive predictive
values above85%which makes our reference

standards stronger.?”28

A cross-sectional study conducted in the
community aimed to ascertain the prevalence of
low back discomfort among drivers of three
wheels. According to the study's findings, three-
wheel drivers had moderate to severe emotional
and functional interferences as well as moderate
to severe low back pain. Within one working day,
over half of the subjects described their most
severe pain episode.®A case study in the year 2022
focused on the employees who worked in the
construction industries which was regarding the
return to the job of a construction worker
following an injury. This study only focused on
the rotator cuff injuries of the shoulder but lacked
in discussing other underlying problems like
changes in the back, in overall posture as well as

the impact of their on their hips.#

Another study conducted by Sandeep Shinde et al;
in the year 2021 consisted of individuals who had
pes planus deformity. The study results revealed
that individuals with pes planus deformity
showed proximal to distal muscular imbalance
and a structured strengthening exercise protocol
was given to these individuals. This exercise
regime further helped in reducing the muscular
imbalance.*! Similarly, further research regarding
the truck drivers can be carried out which can
focus on providing strengthening protocol for
them to improve their hip micro-instability. One
more research in the form of a case study was done
in January 2023, which was about a female kitchen
worker with Kienbock’s disease which spoke only
about the hand and the consequences faced
because of the disease. Herein, early
physiotherapy was given to reduce pain, improve
the strength of the wrist and finger flexor
extensors, improve the range of motion, and
vocational rehabilitation to resume her work. But
again, being a kitchenworker it is not necessary
that problems can be only seen in hands but they
can also be seen in other joints specifically the

lumbar spine, hips, and knee which were left
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unnoticed.® Further research can be carried out to
see if there is any possible micro-instability seen in
these workers as a result of long-standing

postures.

Considering the occupational problems of truck
drivers and the possible mechanism of injury of
hip micro-instability, which are seen to be
prevalent in this population hence our study
focused on these subjects. Any other study
addressing hip pain in truck drivers has not been
reflected anywhere. Thus, the further possibility
for the extent of degeneration can be ruled out

using radiologic evidence standards to enhance

the importance of the prevalence of this pathology.

Conclusion
The study revealed that12% of truck
drivers exhibited hip micro-instability.

Notably, anterior hip micro-instability was more
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Introduction

Pesticides are those substances that are used to get
rid of, control, and repel the harmful biota which

ABSTRACT

Introduction: Pesticides cause short-term as well as long-term health
effects. Agriculture workers are at high risk of effect. So, this study aimed
to identify the health effects of pesticides among small-scale farmers in the
municipality of Bhaktapur, Nepal.

Methods: This was a community-based cross-sectional descriptive study
conducted in all wards of Changunarayan Municipality, Bhaktapur, Nepal.
Farmers of selected households who adopted agriculture as their main
occupation were included in this study. The sample size for the study was
132. Proportionate stratified sampling was used to determine the farmer
from each ward and simple random sampling was used to reach every
respondent. Face-to-face interview technique and semi-structured
questionnaire was used for data collection. The data were analyzed using
descriptive statistics and the Chi-square test was applied to measure an

association between selected variables.

Results: All of the farmers used pesticides and about two-thirds 74(64.9%)
experienced both immediate as well as delayed symptoms due to the use
of pesticides. Majority of them showed general symptoms such as eye
irritation 87(76.3%), difficulty in breathing 70(61.4%) and fatigue 55(48.2%).
There was an association between the frequency of exposure and health
effects due to pesticide use which was found to be statistically significant
at a significance level with p-value 0.042.

Conclusion: Health effects such as skin rashes, effects on the eyes, and
respiratory system were reported. The most prevalent effects were eye
irritation, difficulty in breathing, and itching of the skin. Training on
pesticide use and awareness should be conducted by municipalities to
reduce the effects.

Keywords: Farming, Health effects, Pesticide effects, Pesticide use

exposure, and outdoor exposure and even

secondarily  through  animal upon the

has the potential to destroy vegetation, crops,
farmland, and animals. Human exposure to
pesticides has been documented through many
routes such as dietary intake, indoor pesticide

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 186-193

consumption of animal products and on many
levels such as mild pesticide poisoning, moderate
poisoning, and severe poisoning.’?
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WHO has classified pesticides according to the
hazard they pose, the hazard, in this case, being
the acute risk to the health of people who are
actively using pesticides, and classifies this hazard
based on the Acute Toxicity Hazard Category
which was developed by GHC (The globally
harmonized system of classification and labeling
of chemicals) into classes which are Ia (Extremely
Hazardous), Ib ( Highly hazardous), 1I
( Moderately hazardous), III ( Slightly hazardous)
and U (Unlikely to present acute hazard).
Agriculture being one of the major occupation of
people all around the world has more than a
billion workers actively working which is why it
is also considered one of the most dangerous
occupations with nearly 170,000 deaths annually.

The use of pesticides in an extensive way and
period, lack of proper knowledge about the
handling of the pesticides, lack of regulation in the
proper labeling and marketing of pesticides, as
well as the language barriers on the labels in the
pesticide containers, have been seen as some of the
major reasons why pesticides have affected on the
health of farmers.5 Studies suggest that female
workers are at double the risk of having pesticide
poisoning than their male counterparts, and that
gender equity also plays a vital role in the
reduction of the use of pesticides.®”

The global pesticide usage has significantly
increased with the increase in the population and
food consumption rate. However, Nepal is
relatively low in the usage of active ingredients in
pesticides (396g/ha) compared to developed
countries like China and India.® A Maximum
Residual Limits (MRLs) has been developed by
WHO in order to decrease the health risk
possessed by the use of these active ingredients.?8

Intervention programs which included training
the farm workers and the pesticide retailers
resulted in an improved level of practice and
knowledge about pesticides, their consumption,
and management.’

In the Philippines, a study revealed that the
application of spraying the pesticide in the field
(63.7%) was the major way through which farmers
were getting exposed to the pesticides, and among
the farmers, nearly half (49%) complained of being
sick due to the agricultural works.!® A study of tea
plantation workers in India revealed that over half
of the sprayers experienced musculoskeletal
complaints.”

A study in Tanzania shows that among the
farmers taken in the study, 68% reported that they
felt ill with symptoms of health-related issues

such as skin problems and neurological problems
like headache and dizziness.!?

A study in Ethiopia showcased a significant
association between the exposure and the
response to the occupational exposure of pesticide
with reduced lung capacity and function, and
several respiratory symptoms.1?

A study in Thailand among the farmers who were
exposed to pesticides suggested symptoms like
difficulty in breathing (47.2%), nausea/vomiting
(46.9%) followed by diarrhea and rashes.*

Nepal is also a country where pesticide
consumption has been rampant with an increase
of 10-20% annually, mostly in the Terai region and
Kathmandu Valley."* A study in Nepal revealed
that farmers who have had exposure to pesticides
developed more symptoms of pesticide
intoxication than the respective control group
(mean 5.47 versus 2.02 respectively).’> So, this
study aimed to assess the perceived health effect
of pesticide use by farmers in small-scale farming
in Changunarayan Municipality, Bhaktapur,
Nepal.

Methods

A community-based cross-sectional descriptive
study was conducted among professional small-
scale farmers from May to October 2022 in all nine
Municipality,
Bhaktapur, Nepal. The sample size was calculated
using Cochran’s formula (z?pg/e?) with the
prevalence of acute effect of pesticides from the
previous study as 9.5%,'¢ and 5% margin of error.

wards of  Changunarayan

The final sample size was 132. Data collection was
done from July 1st to 15%, 2022. There were
altogether 1191 households adopting farming as
the main occupation from the municipality
records. Proportionate stratified sampling was
used to determine the farmer from each ward and
simple random sampling was used to reach every
respondent. One eligible participant was surveyed
from each household. If there were more than one
eligible person in the household, one participant
was chosen by lottery method. After the estimated
sample was covered in one ward, we moved to the
next ward.

Ethical clearance was obtained from the
institutional review committee of the Central
Institute of Science and Technology (CiST) college
(Ref. no: IRC162/078/079). Written informed
consent was taken from each respondent and
confidentiality was also maintained. Data was
collected through face-to-face interviews. After an
extensive review

literature and multiple

discussions within the research team, the
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questionnaire was designed for the study.’® The
questionnaire was divided into three sections: first
section with socio-demographic characteristics,
second section with pesticide-related questions,
and third section with behavior-related questions.
Participants were given considerable time to
record all their experiences during data collection.

The collected data was cleaned and edited on the
same day of data collection. Epi-Data version 3.1
was used for data entry and checks were defined.
To minimize the error within the limit, 10% of the
randomly selected data was manually rechecked.
Entered data were exported from Epi-Data to SPSS
(version 22) for further analysis. Based on the
objective of the study the data was analyzed using
descriptive statistics. Categorical variables were
described using numbers and percentages where
non-normally distributed data was presented as
Frequency

between

median and interquartile
distribution cross-tabulation
dependent and independent variables were used
to describe the basic background and respondent

range.
and

characteristics. The chi-square test was used to
measure the association between the independent
and the dependent variables. The p-value less than
0.05 was considered to be significant.

Results
Socio-demographic findings

The majority of the respondents 85(64.4%) were
male and the median age was 41 years. More than
three-fourths of the respondents were married
103(78.8%) and followed Hinduism 119(90.2%).
The majority of respondents were from
Advantaged Janajati (Newar) 60 (45.5%) as their
ethnicity. About one-third of the respondents
42(31.8%) had completed secondary level
education and 130(98.5%) of them were involved
in the production of food crops, vegetables
122(92.4%), and livestock products 92 (69.7%)
(Table 1).

Pesticide Related Characteristics

All the farmers were found to use pesticides on
their farms, and half of 66(50.0%) used pesticides
on their fields at least once in the last three months
before the time of study. More than three-fourths
108(81.8%) of farmers had less than three hours of
pesticide exposure, Inhalation 127 (96.2%)
followed by skin exposure 60 (45.5%) were the
main route of pesticide exposure. All farmers 132
(100%) used a sprayer as the most common
pesticide use method followed by dusting
73(55.3%) and Granular Application 26(19.7%).
All of the farmers used Personal Protective
Equipment (PPE) when using pesticides. Less
than one-fifth of 25 (19%) farmers received
training for pesticide use (Table 2).

Table 1: Socio-Demographic Characteristics (n=132)

Characteristics Frequency Percentage (%)
Age (Median, IQR) (41,19)
Sex
Male 85 64.4
Female 47 35.6
Ethnicity
Dalit 3 2.3
Advantaged Janajati(Newar) 60 45.5
Brahmin 13 9.8
Chettri 56 424
Educational Status
[literate 8 6.1
Non-Formal Study 3 2.3
Primary Level 27 20.4
Secondary Level 42 31.8
Higher Secondary Level 35 26.5
Bachelors 14 10.6
Masters 3 2.3
Type of Agricultural Products*
Food Crops 130 98.5
Fruits 27 20.5
Livestock Products 92 69.7
Vegetables 122 924
*Multiple response
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Table 2: Pesticide Related Characteristics (n=132)

Characteristics Frequency Percentage (%)
Frequency of Exposure

Once 66 50
More than once 66 50
Time of exposure

<3 hours 108 81.8
>3 hours 24 18.2
Route of Exposure*

Inhalation 127 96.2
Skin Exposure 60 45.5
Ingestion 10 7.6
Methods of Pesticide Use*

Spraying 132 100
Dusting 73 55.3
Granular Application 26 19.7
Soil Drenching 1 0.8
Training for Pesticide Use

Yes 25 18.9
No 107 81.1

*Multiple response

Health Effects Due to Pesticide

The majority of farmers 114 (86.4%) stated that
they had symptoms health
consequences due to pesticide use. The usage of
pesticides resulted in both immediate and delayed
effects for the farmers 74 (64.9%). The majority of
farmers experienced general symptoms like
fatigue 55(48.2%), difficulty in breathing 70
(61.4 %), and eye irritation 87(76.3%). Following
the use of pesticides, some study respondents
experienced skin itch 89(81.7%) followed by
irritation 53 (48.6%) and redness 51 (46.8%). Most
of the respondents 98 (93.3%) reported itchy eyes
whereas more than one-third (37.1%) reported
watery eyes as the main effects of pesticides on
them. The two main effects on the respiratory
system caused by the use of pesticides were
coughing 60(58.3%) and shortness of breath
73(70.9%). Vomiting was reported by nearly two-
thirds of respondents 28(65.1%), followed by
irritability 18(41.9%), and decreased sleep 6(14.0%)
as the pesticide's main adverse effects on the
gastrointestinal system (Table 3).

various of

Association between health effects due to
pesticide uses and behavioral characteristics
The association between behavioral characteristics
and health effects due to pesticide use is given in
Table 4. Smoking status is classified as non-
smoker, daily, and sometimes smokers. The
respondent who has not smoked different types of
smoking is considered a non-smoker. A daily
smoker is someone who smokes cigarettes or uses
other tobacco products daily and has developed
regular habits. A sometime smoker, also known as
an occasional or social smoker, is a person who
smokes cigarettes or uses other tobacco products
only occasionally or in specific social situations.
This explanation is also applied to tobacco use and
alcohol consumption.

The association between the time of exposure, the

smoking status, alcohol consumption status
tobacco consumption status, and health effects
due to pesticide usage were not statistically
significant but the frequency of exposure was
significantly associated with health effects due to
the use of pesticides (p=0.042).

Table 3: Health effects due to pesticide use

Characteristics Attributes Frequency  Percentage (%)
Observation of Symptoms (n=132) Yes 114 86.4

No 18 13.6
Types of Symptoms (n=114) Immediate (Within an hr.) 31 27.1

Delayed (Within 24 hrs.) 9 7.8

Both 74 64.91

189



Thapa et al. Health Effects of Pesticides among Small-scale Farmers in an Urban Municipality of Nepal: A Descriptive Study

General Symptoms* (n=114)

Effects on Skin*(n=109)

Effects on Eyes* (n=105)

Effects on the Respiratory System
(n=103)

Effects on the Gastrointestinal System*
(n=43)

Fatigue

Body Ache

Fever

Eyes Irritation
Difficulty Breathing

Rashes
Irritation
Itching
Redness

Red Eyes

Watery Eyes

Itchy Eyes

Blurry Vision
Cough

Wheeze

Chest Pain
Shortness of Breath

Abdominal Pain
Vomiting

Diarrhea

Irritability

Trembling Hands
Decreased sleep
Decreased Concentration

55
33
16
87
70

14
53
89
51

57

39

98
6

60
11
37
73

3
28
2
18

LW aN

48.2
28.9
14.0
76.3
61.4

12.8
48.6
81.7
46.8

54.3
37.1
93.3
5.7

58.3
10.7
35.9
70.9

7.0
65.1
4.7
41.9
4.7
14.0
7.0

*Multiple response

Table 4: Association between behavioral characteristics and health effects due to pesticide use(n=132)

Health effects due to use of pesticide

Variables Yes n (%) No n (%) p-value
Time of Exposure
<3hours 92(85.2) 16(14.8) 0,611
>3hours 22(91.7) 2(8.3)
Frequency of exposure
Once 53(80.3) 13(19.7)

0.042
More than once 61(92.4) 5(7.6)
Smoking Status
Non smoker 63(91.3) 6(8.7)
Daily 48(81.4) 11(18.6) 0174
Sometimes 3(75.0) 1(25.0)
Alcohol consumption status
Non user 67(85.9) 11(14.1)
Daily 1(100.0) 0(0.0) 1.00¢
Sometimes 46(86.8) 7(13.2)
Tobacco Consumption status
Non user 88(88.0) 12(12.0)
Daily 24(80.0) 6(20.0) 0,526+
Sometimes 2(100.0) 0(0.0)
Training for pesticide
Yes 23(92.0) 2(8.0)

0.556
No 91(85.0) 16(15.0)

“Significant p-value at <0.05, *P-value from Fisher’s exact test
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Discussion

Changunarayan municipality lies in the
Bhaktapur district. Changunarayan municipality
extensively follows agriculture as the main
occupation. Most of the ethnic groups of the
municipality were Janajati (Newars) who are the
primary inhabitants of the Bhaktapur district and
who have been involved in agriculture for
centuries. The major crops grown in the
municipalities were food crops such as rice, wheat,
maize, and vegetables. Our study revealed that all
of the farmers used pesticides when growing
vegetables to control insects and pests. The
pesticide has been used on a large scale yearly,
due to the growing concern of pests and vector-
borne diseases.!”

In this study, spraying was seen as the major
method for the use of pesticides all of the farmers
were using. Spraying is the easiest method of
using pesticides. Other studies also suggested that
spraying had been the major method for the use of
chemical pesticides in both the western as well as
eastern communities of the world.’® More than
half of the farmers use sprayers for powder
pesticides on their farms, consistent with a study
conducted in Lalitpur Nepal.? This study found
that the farmers suffered from respiratory
problems such as shortness of breath 73(70.9%),
cough 60(58.3%), and chest pain 37(35.9%) which
was similar to findings from Thailand which
revealed that the prevalence of difficulty in
breathing and chest pain was significantly higher
in farmers than in the controls (OR 2.8, P <0.01
and OR 2.5, P <0.05, respectively).?0 This study
has showcased the complete use of PPE sets
despite showing major health problems such as
respiratory and dermal problems, in contrast to
the study in Ecuador which suggested very little
use of PPE resulting in health problems.?! This
might be due to the use of non-health-approved
masks, leaky backpack sprayers, and less use of
boots. These reasons can be valid as the sprayers
in Nepal are quite expensive and the fact that the
result also revealed that very few people were
trained for pesticide use.

This study revealed that fatigue, body aches, fever,
eye irritation, and difficulty breathing were some
of the major symptoms that were faced due to the
use of pesticides. Several previous studies also
reported that chronic fatigue and irritability were
some of the most common health effects due to the
use of pesticides.2? This study also showcased
various effects on the ophthalmic systems such as
redness, itching, watery eyes, and blurry vision.
Various studies conducted on the effects of
organophosphate on the ophthalmic system have

concluded that these symptoms could be
attributed to the postsynaptic acetylcholine
accumulation which results from the acetylcholine
inhibition by these organophosphates.?* The
psychological symptoms including irritability,
trembling of hands, decreased sleep, and
decreased concentration have been recorded.
Studies have shown that it is possible due to the
long-term exposure of organophosphates in a
small amount causing chronic neuropsychological
effects and neurotoxicity.?

The major respiratory problems in this study were
cough, wheezing, shortness of breath, and chest
pain. A study on the low-level exposure to
organophosphate leading to restrictive lung
dysfunction showed that the organophosphates
affected the respiratory system through the
nicotinic action on the respiratory-muscles and the
medullar center as well as direct toxic effects on
the alveolar-capillary membrane.? Studies have
also shown that the effects on the skin such as
irritation, itching, and redness are due to the
localized effects.?”

This study has shown that the frequency of
exposure was statistically significant (p-0.042)
with the health effects due to pesticide usage. The
frequency of pesticide use was significantly
associated with exposure to pesticides, and
exposure has been associated with chronic health
effects thus backing up the evidence.?

Regarding training for the use of pesticides, most
of the respondents 107(81.1%) weren’t subjected to
any training for the proper and rational use of
pesticides. In Nepal, the training for the proper
use of pesticides is given to the reseller more than
the actual farmers who work in the field, however,
District Agricultural Offices and Regional
Training Centers have also conducted training for
the safe use of pesticides at a consumer’s level.
Rapid Bioassay of Pesticide Residue (RBPR)
laboratory has been established in Jhapa,
Rupandehi, Banke, Kaski, Sarlahi, and Kailali
districts of Nepal due to its positive impact.?
RBPR isn’t established in the Bhaktapur district
which could have impacted the number of people
training for the use of pesticides.

Limitations

The study is subjected to recall bias as the recall
period for symptom identification was three
months. This study was done in a limited sample
size and only in one municipality of Nepal so
findings could not be generalized to the whole
farming population of the country. The effects of
pesticides were reported by the respondent self,
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and no clinical measures or laboratory tests were
applied to verify the symptoms.

Conclusions

All of the farmers used pesticides to grow food
crops, vegetables, and animal products in
Changunarayan Municipality, Bhaktapur, Nepal.
Most of the farmers experienced both immediate
as well as delayed symptoms, the majority
showing general symptoms such as eye irritation,
difficulty breathing, and fatigue. The frequency of
exposure and effects of pesticide use were
statistically significant. The municipality should
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Introduction

ABSTRACT

Introduction: Laboratory workers are often exposed to various risk factors, which
can be classified as biological, physical, chemical, psychosocial, and ergonomic.
This study aims to conduct a risk analysis in the workers of microbiology and
biochemistry laboratories of a branch hospital in Istanbul, Tiirkiye to identify
occupational health and safety risks and provide recommendations for measures to
be taken.

Methods: The investigators conducted the risk analysis with a five-person team
including occupational health and safety experts, a laboratory manager, and
technicians. Risk assessments were performed using the L-type matrix 5x5 diagram.
The level of risk was determined with the product of probability and severity.

Results: Risk analysis in the microbiology laboratory showed ten risk factors. Three
of them had moderate level scores as following "working with xylene", “continuous
standing work” and "insufficient free space". The remaining risks have low-risk
scores, including "working in a noisy environment, "microscope light and ambient
light", "working with blood", "working with feces", "non-ergonomic chairs",
"insufficient airflow in the environment" and "continuous presence in a closed
space”. In the biochemistry laboratory, four were classified as moderate risk,
including working in constant standing, exposure to bodily fluids, blood tests for
bacteria and viruses and non-ergonomic furniture.

Conclusion: The priority should be to minimize the risks associated with contact
with blood and body fluids. This could involve the implementation of strict safety
measures and protocols, as well as providing appropriate personal protective
equipment to all personnel who may encounter these fluids.

Keywords: Hospital, Laboratory, Occupational Health and Safety, Risk Analyses.

Hospital laboratories are essential to treat patients
because they deliver precise and quick findings
from laboratory tests that aid medical personnel in
making diagnoses. The results of laboratory tests
constitute the basis for around two-thirds of
significant medical decisions, including the
admission and discharge of patients from
hospitals and the prescription of medications.!
Laboratory  professionals’ excellent — work
influences most medical decision-making by
continuously enhancing the quality, scope, and
speed of laboratory tests used for medical
diagnostics.?

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 194-200

Risk analysis is crucial for hospital laboratories to

identify potential hazards and implement
appropriate risk mitigation strategies to minimize
or eliminate risks that could threaten patient
safety and laboratory operations. Risk analysis is
a systematic process that involves identifying
hazards, assessing the likelihood of their
occurrence, and determining the potential
consequences of such occurrences.®> Hospital
laboratories face various hazards, including
exposure to biohazards, chemicals, radiation, and

ergonomic hazards.*
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Effective risk analysis and management in
hospital laboratories require the involvement of
all stakeholders, including laboratory managers,
laboratory personnel, and hospital management.
A study by von Kries, et al., highlighted the
importance of involving laboratory personnel in
risk analysis, as they possess extensive knowledge
and experience in laboratory operations.> The
involvement of hospital management is also
necessary, as they provide the necessary resources
and support to implement the identified risk
management measures.

Risk analysis also plays a crucial role in ensuring
regulatory
compliance. Hospitals and laboratories are
required to comply with various regulations and
standards, such as the Occupational Safety and
Health Administration (OSHA) standards, the
Clinical Laboratory Improvement Amendments
(CLIA) regulations, and the International
Organization for Standardization (ISO) standards.
Compliance with these regulations and standards

requirements and  standards

requires a thorough understanding of the risks
associated with laboratory operations and the
implementation of appropriate risk management
measures.®

Laboratory workers are often exposed to various
risk factors, which can be classified as biological,
physical, chemical, psychosocial, and ergonomic.
In order to eliminate or minimize these risks, a
series of measures should be taken, starting with
the design and construction stages of laboratories,
establishing a safety infrastructure, informing
employees about potential hazards, and
providing laboratory safety training. Therefore, it
is mandatory to conduct risk assessment studies in
laboratories.”

This risk analysis study by Karahan and
Aydogmus (2023) included identifying and
categorizing 50 risks. The risks were assessed and
rated and classified into high, medium, and low
categories. Specifically, it was found that 30 risks
(60%) were classified as high risk, 18 risks (18%)
were categorized as medium risk, and 2 risks (4%)
were deemed to be low risk.?

This study aims to conduct a risk analysis in the
microbiology and biochemistry laboratories of a
branch hospital in Istanbul to
occupational health and safety risks and provide

identify

recommendations for measures to be taken. The
originality of this study lies in its focus on a branch
hospital that provides services in the field of heart
disease. Furthermore, the study will provide
laboratory personnel with an understanding of all
the occupational risks they are exposed to and

serve as a guide for minimizing these risks and
planning preventive measures.

Methods

A descriptive research design was conducted in
the microbiology and biochemistry laboratories of
three branch hospitals in Istanbul Tiirkiye in
January 2023. The hospital was chosen as an easily
accessible hospital for researchers as a convenient
sample. Risk assessments were performed using
the L-type matrix 5x5 diagram, a commonly used
evaluating
relationships due to its simplicity. This method
involves assessing the probability of an event

method for cause-and-effect

occurring and the severity of its consequences if it
does occur. The L-type matrix 5x5 diagram has
been used in previous studies to evaluate risks in
various settings, including healthcare facilities.?!0
In this study, the L-type matrix 5x5 diagram was
used to identify potential risks in the hospital's
microbiology and biochemistry laboratories,
which could help guide the development of
effective risk management strategies.

The investigators conducted the risk analysis with
a five-person team including occupational health
and safety experts, a laboratory manager, and
technicians. The Laboratory Information Form
designed by researchers consisted of 10 questions.
This form was filled out with general information
about laboratory type, conducted tests, number of
equipment and personnel, physical structure,
chemical materials, noise, and chemical/ physical/
biological hazards.

Using an L-type (5x5) matrix, occupational health
and safety risks were evaluated through the
Medical Biochemistry Laboratory Safety Guide to
identify potential hazards in or outside the
laboratory. Risks were considered under six
physical,
biological, psychosocial, and noise. The risks were
summarized in a table, including the activities,
hazards, affected persons, outcomes, probability
value, severity value, score value, and necessary
precautionary measures. The L-type (5x5) matrix

headings: ergonomic, chemical,

typically consists of five columns and five rows,
with each row representing a different aspect of
laboratory risk analysis (table 1). The probability
column assessed the probability of the hazard
occurring. The severity column assessed the
potential impact of the hazard on laboratory
personnel and the environment. This can be
ranked on a scale from low to high, depending on
the possible consequences of the hazard. The risk
= probability x severity formula will be used to
determine the level of risk.!
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The risk matrix is divided into three bands. A
lower band, which may often be coloured green,
represents low risks, which are tolerable; therefore,
no risk treatment measures are needed. A middle
band, which may be coloured orange, represents
moderate risks to be reduced to as low as
reasonably practicable (ALARP). An upper band,

which may be coloured red, represents high risks,
which are typically intolerable and, therefore, risk
treatment is essential.’?

Depending on which coloured band the risk rating
is assigned to, the assessor decides whether or not
to treat the risk and what actions are needed.’

Table 1: 5x5 L-type risk decision matrix

SEVERITY (IMPACT)
VERYLOW 1 LOW 2 MEDIUM 3 HIGH 4 VERY HIGH 5
. Injuries or illness
Minor injuries or .. . L . L
. requiring medical  Injuries or illness Injuries or
discomfort. No .. . . . .
medical treatment. requiring hospital illness resulting Fatality
Temporary admission. in impairment
treatment. . .
impairment.
Expected to  occur
regularly under normal 5 5
circumstances

Expected to occur at
some time

May occur at some time 3

PROBABILITY

Not likely to occur in
normal circumstances

Could happen, but
probably never will

Extreme risk
Moderate risk

Low risk

Immediate attention & response needed
Requires response development, but not quantification

Requires active or passive acceptance

Results

Risk analysis in the microbiology laboratory
showed ten risk factors as follows: 1. risk "working
in a noisy environment" (score=2), 2. risk
"microscope light and ambient light" (score=2), 3.
risk "working with xylene" (score=8), 4. risk
"working with blood" (score=4), 5. risk "working
with feces" (score=4), 6. risk "non-ergonomic
chairs" (score=4), 7. risk “continuous standing
work” (score=12), 8. risk "insufficient free space”
(score=6), 9. risk "insufficient airflow in the
environment” (score=2) and 10. risk "continuous
presence in a closed space"” (score=4). While three
of the ten items (risks 3, 7, and 8) had higher risks
than the others, the remaining seven items (risks 1,
2,4,5,6,9, and 10) were found to have low-risk
levels (Table 1).

Upon  consideration of the laboratory

examinations and matrix results, biological risks
are at the forefront. The severity of risks arising
from contact with blood is particularly noticeable
in Table 2. In addition to these risks, the
ergonomic aspects of the laboratory are also of

significant importance.

According to the risk analysis performed in the
biochemistry laboratory, ten risk factors were
identified, and the likelihood and severity of each
risk factor were determined by multiplying their
occurrence probability and impact (table 3). The
results were presented in a matrix, classifying the
risks into high- and low-risk categories. Among
the ten factors, four were classified as moderate
risk, including working in constant standing (risk
score=12), blood tests for bacteria and viruses (risk
score=10), working with gaita (risk score=10), and

non-ergonomic furniture (risk score=9).
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Table 2: The L-type (5x5) matrix of findings of risk analysis in the microbiology laboratory

Person at Con n Prob S Ri
No Activity Danger crsona OnSequence  apii  O°Ve Measure
risk s rity sk
ty
Maintenance and repair of
Working in devices that exceed the
Relevant Ear o
1 noisy Noisy 1 2 threshold limit.
workers difficulties
workplace Performing audiometric
tests on employees
Microscope All Eye disease, Adjusting the ambient
2 light and Light headache 1 2 light
. . workers
ambient light Frequency of breaks
Chest pain Employee training
Working Occupational Relevant
3 . . Pulmonary 2 4 8  Wearing personal
with xylene disease workers
edema protective equipment
Transmissio Employee training
4 Working Exposure to Relevant n of AIDS 1 4 Wearing personal
with blood blood workers hepatitis protective equipment
viruses
Relevant Employee training
Working Exposure to Hepatitis a
5 . ' ) ) workers ] 1 4 Wearing personal
with gaita bodily fluids virus
protective equipment
Non- . Relevant Musculoske . . )
. Occupational Using ergonomic office
6 ergonomic ) workers letal 2 2 ]
. disease chairs
furniture problems
Relevant Varicose
i ional k Veins,
Continuous Occupationa workers eins Establishing rest hours
standing disease and Musculoske 4 3 12
7 . The use of the shift system
work fatigue letal
problems
Injuries, Placing items in an
3 Limited free  Falling and All Musculoske ) 3 . orderly manner
space crashing workers letal Freeing up sufficient free
problems space
Placing items in an
. Stressduetoa  All Headache,
9 Low airflow 2 1 orderly manner
lack of oxygen  workers stress
Frequency of breaks
Staying Concentration Adjusting rest hours
. All Job stress,
10 indoors all problems and . 2 2 making encouraging
workers injuries,

the time

accidents

practices

The remaining six factors were classified as low
risk, which included working with chemicals (risk
score=4), working in a noisy environment (risk
score=2), working in areas with cables on the floor
(risk score=1), working in closed spaces (risk
score=2), working with lung fluids (risk score=4),

and inadequate air circulation in the work

extended standing.

environment (risk score=6). The matrix analysis
and biochemical laboratory examination findings
indicated that biological dangers are paramount.
Blood and bodily fluid contact pose severe health
concerns, as is evident. Ergonomic risks have a

high-risk rating, with non-ergonomic seats and
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Table 3: The L-type (5x5) matrix of findings of risk analysis in the biochemistry laboratory

Pro
L P t S .
No Activity Danger ers_on a Consequences  bab t_ave Risk Measure
risk - rity
ility
_ _ Contact with Lab N Prowde_trammg on wearing
Working with technicians . appropriate gloves and giving
1 - harmful Skin problems 2 N ; .
chemicals - and first aid during chemical
chemicals -
specialists splashes.
Working in a Lab Maintenance and repair of
oring technicians devices that exceed the threshold
2 noisy Nois and Ear 1 limit
workplace y specialist difficulties o
pecialists Performing audiometric tests on
employees
Working with
3  cableonthe Falling All workers Injuries 1 Cable storage and plate
placement
ground
Occupational Ensuring that workers enjoy
4 Staylng_lndoors ngh_t _ All workers d!seas_e and 2 sunlight durlng_break§ andZ if _
all the time deprivation vitamin d necessary, administering vitamin
deficiency D supplements
Lab Tuberculosis
Working with Transmission  technicians Using a fume hood and the
5 - - . and lung 1
lung fluids by inhalation  and - proper masks
- diseases
specialists
. . Lab Varicose
Working in Occupational =\ - s Veins Establishing rest hours
6 constant disease and ' 4 12 .
- . and Musculoskele The use of the shift system
standing fatigue -
specialists tal problems
Bacteria and Latr)] N o Employee training
7 virus test in Exposure to technicians B_acter!a an 9 10  Wearing personal protective
blood blood and viral disease equipment
specialists
Lab Employee training
8 Wgrking with Exp_osure _to technicians B_acter?al and 2 10  Wearing personal protective
gaita bodily fluids  and viral disease equipment
specialists
Stress due to . .
9 Low airflow a lack of All workers Injuries 3 Se“'f‘g. up break times a?d .
providing adequate ventilation
oxygen
Non- Lab
. Occupational  technicians Musculoskele . . . .
10 ergonomic . 3 9 Using ergonomic office chairs
. disease and tal problems
furniture -
specialists
Discussion important. In the microbiology lab, samples from

Hospital risk assessment is an essential step in
occupational health and safety activities. By
examining risk assessments, appropriate actions
are taken, and workers are trained to prevent
these risks. Employees receive help with problems
by learning to manage risks and protect against
them during this training. The risks in the
microbiology and biochemistry lab of a training
and research hospital in Istanbul were filled into
two x-type matrices for risk assessment. Findings
showed that biological risks are the most

human fluids and tissues are used to perform
culture tests, parasite tests, and tests to identify
bacteria and viruses. In parallel with our findings,
previous studies demonstrated that the routine
activity in a microbiology laboratory offers many
risks, mostly biological influencing the health of
its staff, visitors, and the community.’#15¢ In
contrast, the biochemistry lab uses these samples
to test hormones, hemograms, biochemistry, and
coagulation. In addition, the hospital for which
risk analysis is performed is a branch hospital
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providing services in the field of cardiovascular
disease, which brings biological risks to the fore
due to the risk of contamination with blood and
body fluids. While chemical and physical risks
rank first in other studies,'” it is noteworthy that
psychosocial risks stand out in addition to
biological risks in this study. Previous studies
categorized similar risks into diverse risk groups.
identified physical,
psychosocial, chemical, and ergonomic dangers
such as infections, stab wounds, hearing loss,
violence, stress, chemical exposure, explosion/fire,
and musculoskeletal disorders.!®
previous identified
psychological, ergonomic, physical, and chemical
risk categories. The most stated risks are infection,
stress, an airless indoor environment, noise,
chemical exposure, and violence.?

Demirkan biological,

However,

research biological,

Conclusions

The current study aimed to conduct a risk analysis
in the microbiology and biochemistry laboratories
of a branch hospital in Istanbul to identify
occupational health and safety risks and provide
recommendations for measures to be taken.

Risk analysis in the microbiology laboratory
showed ten risk factors. Three of them had
moderate level scores as following "working with
xylene", “continuous
"insufficient free space". The remaining risks have
low-risk scores, including "working in a noisy
environment, "microscope light and ambient

light", "working with blood", "working with feces",

standing work” and

"non-ergonomic chairs", "insufficient airflow in
the environment" and "continuous presence in a
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Introduction

ABSTRACT

Introduction: Artisanal mining in Peru is an activity that generates a risk of
exposure to different compounds, among which mercury and particulate matter
stand out. The use of laboratory indicators to assess genotoxicity induced by work
activity is a priority need. Our objective was to determine the micronucleus count
in buccal cells of artisanal miners in Peru during 2020.

Methods: We designed a cross-sectional study where 80 artisanal miners were
evaluated who underwent scraping in the inner area of the cheek to obtain
epithelial cells that were stained with Feulgen's staining, and micronuclei and
nuclear alterations were identified on a count of 2000 cells.

Results: We found that the mean micronucleus count was 27.5+8.0 (CI95: 25.7 —
29.3, min. 15, max. 48). For the other nuclear alterations such as nucleoplasmic
bridges, budding, and binucleation, only up to one alteration was evidenced for
each total count. The number of years of work (p=0.004) and age (p<0.001) were
the only variables associated with the micronucleus count.

Conclusion: The nuclear alterations in buccal cells of artisanal miners exposed to
particulate material were micronuclei, nucleoplasmic bridges, budding, and
binucleations, the most frequent being the presence of micronuclei, with a mean
value of 27.5 micronuclei per 2000 cells counted.

Keywords: Artisanal mining; Micronuclei; Nuclear alteration

Artisanal mining is an activity that is associated
with a high rate of occupational mortality and
morbidity throughout the world. The most
frequent pathological condition associated with it
is cancer, with a pathophysiological basis related
to DNA damage.! According to the reports of the
Global Cancer Observatory (GLOBOCAN), it is
estimated that 18.1 million new cases occur each
year, of which close to 60% are attributed to
working conditions, among which mining stands
out.?

Artisanal mining is an economic activity that

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 201-207

involves more than 70,000 miners in Peru; 400,000
people and 40,000 Peruvian families depend on it,
who have found an alternative to combat
unemployment with little investment, simple
technology, and intensive work. For this work,
those deposits that, for conventional mining, have
ceased to be attractive are used.?

Artisanal mining involves using instruments
designed to undermine the earth's surface and
extract the mineral. This process generates the
resuspension of dust in the air, mainly inhalable
particulate matter (PM), which generates direct

https://www.nepjol.info/index.php/IJOSH
201



https://www.nepjol.info/index.php/IJOSH
https://orcid.org/0000-0002-1665-2332
https://orcid.org/0000-0002-1665-2332
https://doi.org/10.3126/ijosh.v14i2.56004
https://doi.org/10.3126/ijosh.v14i2.56004
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Pizarro-Rojas B et al. Micronuclei in the exfoliated oral epithelial cell: a cross-sectional Study in Peruvian artisanal miners

exposure to the worker. Inhalable PM is the most
widely studied pollutant in the world, and it is
found in the atmosphere,
problems in vegetation and humans.*5

causing various

Artisanal miners are a high-risk group due to PM's
short- and long-term effects on health. Studies
suggest that chronic exposure may be essential to
developing diseases, including cancer.® The
International Agency for Research on Cancer
(IARC) includes air pollution as a group 1 agent
and bone as a compound or mixture that can cause
human cancer with sufficient evidence.” A
carcinogenic process results from alterations
involving continuous generations of cells, which
progressively progress toward cancerous growth.?
It is due to multiple exposures to risk factors that
initially produce DNA alterations and damage in
target cells or tissues.’

Among the biomarkers of early biological effect,
the micronucleus count is the most widely used in
studies to measure environmental genotoxicity.1
Micronuclei appear as
alterations in interphase cells and are formed by

the most frequent
eccentric chromosome fragments or complete
chromosomes that are not included in the main
daughter nuclei during nuclear division and
reflect clastogenic and aneugenic events.!!
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Micronucleated cells can be investigated in
different types of tissues, such as the oral mucosa,
especially exfoliated buccal cells, in which the
presence of alterations in the chromosome
structure and oxidative stress caused by exposure
to air pollutants stand out.101213

In the case of Peru, artisanal mining is the oldest
and smallest-scale way in which minerals are
extracted, and it has become a source of
subsistence for people with low resources.4151617,18
Artisanal mining is distributed in different regions
of Peru, mainly in the mid-south stand out.?

Methods

We designed a cross-sectional study to evaluate
artisanal miners from Saramarca, in the province
of Palpa, Department of Ica in Peru. The
intervention area is located approximately 400 km
south of the capital of Peru (Lima) (Figure 1). This
area is characterized by high gold mining activity.
In October 2020, we recruited 80 miners who
carried out subsoil mining, "quimbalateo” (use of
huge stone-fulling mills where they mix earth,
water, and mercury), burning, and gold extraction
activities. We included male miners in continuous
activity during the last six months and of legal age.
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Figure 1: Location of artisanal mining centers in Saramarca, Ica, Peru.

Data collection was obtained through a form; each
study participant filled out this format. The
sample was taken after the participants signed the
informed consent and completed the form. It

should be noted that the sheet was prepared based
on theoretical aspects that would help determine
the presence of a nuclear alteration. Likewise,
additional information was collected on variables
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that could alter this relationship as potential
adjustment variables.

Participants were asked to rinse their mouths with
water, and the inner side of the cheek was scraped
with a swab; then, the swab was placed in a tube
containing isotonic saline solution (NaCl 0.9%),
and the swab was struck. The cells broke off at the
bottom of the tube and fell into the solution. The
collected cells were centrifuged for 5 minutes at
3500 rpm and kept in physiological saline (NaCl
0.9%) at 4°C for transport to the laboratory, where
they were fixed in Carnoy (acetic acid and
methanol in a 1:3 ratio) and washed. by gentle
centrifugation (1500 rpm per minute) until a clean
cell pellet is obtained. Subsequently, the smears
were prepared on a clean slide in triplicate for
each sample and were stained with Feulgen's
stain. The reading was in visible light microscopy
using 100X magnification in immersion. The
average value of the three readings was taken as a
measure of internal reliability, evaluating that the
readings do not present a coefficient of variation
more significant than 15%.

Micronucleus count in buccal epithelium cells.
The recommended procedure was used by
Holand et al.’® Cells were stained with the
commercial Feulgen kit (Merck, Germany) for
subsequent counting of 2000 epithelial cells under
a 100X visible light microscope. For the
identification of Micronuclei, the following
parameters were used: round or oval shape,
diameter between 1/16 to 1/3 of the main nucleus,
separated from the main nuclei without
overlapping; they must not be refractive, they
must present the same characteristics in color and
condensation of the chromatic than the main
nucleus.?

Likewise, we identified binucleated cells using the
following criteria: they must present two round or
oval nuclei and keep their membrane intact and
distinguishable from adjacent cells. Nuclei should
be separate, similar in size, and have a similar
staining pattern. The nuclei can touch but not
overlap; the nuclear membrane must be
distinguished. A nucleoplasmic bridge can link
both nuclei. Finally, we identified nucleoplasmic

bridges and budding. For this, we evaluated the
microscopic shape, and the homogeneity of the
staining and texture of the structures similar to the
nuclear ones was evaluated.?

The micronuclei count, and other nuclear
alterations were presented according to their
median and interquartile range. The micronucleus
count was dichotomized; we considered 30
micronuclei per 2000 epithelial cells as the cut-off
point, according to the criteria used by Shahsavari
et al.?! age and working time were categorized
according to their tertiles. We compared
micronucleus count ratios using Pearson's Chi-
square test. Additionally, we used a Poisson
regression model and log linkage from the family
of generalized linear models (GLM) and
calculated the exponentiated coefficient and its
95% confidence interval. We consider p<0.05 as a
significant difference. The calculations were made
with the statistical program Stata version 17.
(StataCorp Collegue Station, TX, USA).

The study was approved on June 18, 2020, by the
Universidad Alas Peruanas review committee,
with RD N° 237-2020- EPTM-FCS-UAP. The
artisanal miners received a talk before they
participated in the study. They were informed
about the study's objectives, risks, and benefits of
their voluntary participation, signing informed
consent. The data generated was handled coded
and with exclusive access to the research team.

Results

The 80 miners evaluated presented an average age
of 46.5 (35.5-62.5) years. Labor seniority in the
mining activity averaged 19.5 (10.0-30.0) years
(table 1). The average hours worked per day was 8
hours, and the jobs in the mining activity were
approximately proportional. About forty-three
percent of those evaluated reported consuming
cigarettes continuously, and 56.25% alcoholic
beverages (table 1). On the other hand, we found
a median micronucleus count per 2000 buccal
epithelial cells of 27 (IQR:18-32.5). In the case of
other nuclear alterations, such as nucleoplasmic
bridges, budding, and binucleation, only up to one
alteration was evidenced for each total count.

Table 1: Descriptive characteristics of the study population.

Characteristics N ‘ % CI 95%
Age (years) 46.5 (35.5-62.5)
Job seniority (years) 19.5 (10.0-30.0)
Daily exposure (hours/day) 8.0 (6.0-8.0)
Job position
Extraction 17 21.25 13.5-31.7
Transport 21 26.25 17.7-37.1
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Pallagueo 23 28.75 19.8-39.8

Quimbaleteo 19 23.75 15.6-34.4
Smoking

No 45 56.25 45.1-66.8

Yes 35 43.75 33.2-54.9
Consumption of alcoholic beverages

No 35 43.75 33.2-54.9

Yes 45 56.25 45.1-66.8

Table 2 shows that micronucleus count and
associated factors in bivariate analysis. We found
significant differences according to age groups
(p=0.004), the count being higher in people over
60. A moderate increase in the micronucleus count
is shown concerning the increase in age (R=0.504).
It can also be seen that the micronucleus count
presented significant differences according to job
seniority (p<0.001), obtaining the highest count in
those workers with more than 25 years of

micronucleus count is shown for the increase in
job seniority (R?=0.542). Regarding the number of
daily hours worked, this did not generate
significant differences (p=0.947) between the
micronucleus count. The job position, smoking,
and consumption of alcoholic beverages were not
significantly associated with the micronucleus
count. In the multivariate analysis of the
generalized linear model, no independent
variables were associated with a micronucleus

seniority. A  moderate increase in the count more significant than 30 MN/2000 cells.
Table 2.: Micronuclei count and associated factors in bivariate analysis.
Micronuclei count (MN)
Independent MN<30 MN>30 p-value*
variables
n % CI195% n % CI195%
Age
<40 years 24 92.3 73.5-98.1 2 7.7 1.9-26.5
40-60 years 18 54.6 37.4-70.6 15 45.5 29.4-62.6 0.004
>60 years 12 571 35.7-76.2 9 429 23.8-64.3
Labor old
<10 years 19 100.0 0 0.0 --
10-25 years 23 67.6 50.2-81.3 11 32.4 18.7-49.8 <0.001
>25 years 12 44 4 27.0-63.4 15 55.6 36.6-73.0
Daily working day
<8 hours 46 67.7 55.5-77.8 22 32.3 22.2-44.5
>8 hours 8 66.7 37.2-87.1 4 33.3 12.9-62.8 0947
Job position
Extraction 10 58.8 34.9-79.2 7 41.2 20.8-65.1
Transport 14 6.7 44.3-83.4 7 33.3 16.6-55.7 0.579
Pallaqueo 18 78.3 56.8-90.8 5 21.7 9.2-43.2
Quimbaleteo 12 63.2 39.9-81.5 7 36.8 18.5-60.1
Smoking
No 30 66.7 51.6-79.0 15 33.3 21.0-48.4
Yes 24 68.6 51.4-81.8 11 31.4 18.2-48.6 0857
Consumption of
alcoholic beverages
No 25 714 54.3-84.0 10 28.6 16.0-45.7 0.508
Yes 29 64.4 49.4-77.1 16 35.6 22.9-50.6
*Chi2 Pearson
--Omitted
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Discussion

Our results show that the micronucleus count in
the evaluated population is high compared to a
similar study reported by Rosales-Rimache et al.,?
where only 15% of the artisanal miners evaluated
presented MN. A study carried out in Brazil found
that coal miners presented MN in buccal
epithelium cells. Therefore the increase in MN was
associated with genotoxic damage.?? This event is
related to the evidence found in a systematic
review that supports the evaluation of MN in the
oral epithelium as a biomarker of genotoxic
damage since these MN would be a consequence
of chromosomal instability caused by exposure to
radiation and toxic chemical agents.? In this sense,
our results could reflect a certain degree of
genotoxicity in buccal epithelial cells related to
work activity and open possibilities for the
generation of future studies that assess not only
the genotoxicity induced by artisanal mining
activity but also its evaluation as a rapid, reliable,
and valid effect biomarker in the assessment of
cancer risk.

Artisanal mining activity in Peru varies, and the
vast majority is aimed at extracting gold. For this,
it requires chemical inputs such as mercury to
achieve amalgamation and subsequent extraction;
however, the mercury used is in its liquid form, it
tends to evaporate at ambient temperatures above
16°C, and these vapors are inhaled and swallowed
by the workers, whose epithelial cells receive
direct and continuous damage.?* In our study, this
is reflected by the increase in the micronucleus
count, which, in particular, presents higher figures
than those reported in other studies.?

We found that the micronucleus count per 2000
buccal epithelial cells evaluated was 27.5+8.0, a
level that is above that reported in other studies.
For example, Rosales-Rimache et al.? reported a
median of 6 micronuclei per 1000 buccal epithelial
cells of Ica artisanal miners exposed to mercury.
They also showed that "quimbalateo" was the
activity that generated the most significant risk in
obtaining high counts. In our study, this was
different since labor activity was not associated
with the micronucleus count, while the number of
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years as an artisanal miner was a significantly
associated variable. Another study has also
reported that mining activity generates dust
exposure, which induces micronuclei formation
1.34 times in buccal cells. In addition, micronuclei
formation is not the only nuclear alteration;
chromatin,
karyorrhexis, and karyolysis also accompany

increased rates of condensed
them. Furthermore, working time is once again
the variable determining the highest mining
population count.? In our study, the formation of
other nuclear alterations was not absent; however,
its count did not exceed one change per 2,000 cells
counted.

In the case of Peru, there have yet to be any
national studies that evaluate the nuclear effect on
oral cells generated by exposure to chemical
agents in mining workers or other work activities.
Therefore, our findings constitute a relevant
source of information that shows genotoxicity
could be related to artisanal mining activity,
which implies exposure to multiple chemical
agents, among which silica dust in its inhalable
fraction and metallic mercury stand out. The main
limitation of our study was the declaration of a
national health emergency due to COVID-19, a
situation that forced many workers to quarantine.
As a result, the sample size was small. On the
other hand, micronuclei are indicators of cell
damage, and therefore, any genotoxic agent can
induce the production of these alterations.

Conclusions

We found the presence of micronuclei in mining
workers, which is associated with their age and
length of work as miners. This finding is similar to
other studies in other countries and supports the
micronucleus count as a biomarker of genotoxic
damage. We recommend carrying out more
studies of this type in the mining population to
evaluate the effect of this economic activity on
Peruvian miners.
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ABSTRACT

Introduction: Moral Distress (MD) is relatively poorly studied for physicians. The
purpose of this study is the investigation of Moral Distress among physicians in
Greece and the validation Moral Distress Scale-Revised (MDS-R) as a reliable

method for the measurement of MD in the Greek language.

Methods: This is a multicenter study in which 200 physicians of all specialties and
degrees participated. A self-reporting questionnaire was used. The MDS-R
questionnaire is constituted of 21 items that describe conditions met in clinical
practice, aiming to investigate the frequency and intensity of such cases. This study
was conducted from March 2020 to May 2020 in seven hospitals in Athens and

Thessaloniki. The questionnaire was translated and validated in the Greek language.

Results: All 21 items of the MDS-R questionnaire were found suitable for inclusion
in the Greek version of MDS-R, as the Kaiser-Meyer-Olkin (KMO) measure of
sampling adequacy was 0.85, above the commonly recommended value of 0.60. A
model of four main factors emerged after the analysis of the results with a total
variance of 46.8% and all these factors were correlated with each other. MD was
detected to a significant degree in more than half participants. The incidence and
intensity of MD were higher in physicians who worked in general hospitals

compared to those working in cancer hospitals.

Conclusions: The Greek version of MDS-R is a valid and reliable instrument for the
investigation of MD among Greek physicians. MD is also associated with the

intention to leave a working position among Greek physicians.

Keywords: burnout, Greek version MDS-R Moral Distress, Moral Distress Scale-

Revised (MDS-R), syndrome, validation
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Introduction
In 1984, Jameton was the first author to describe

the term Moral Distress (MD) in nurses by the
following definition: “Moral distress is the feeling
nurses experience when institutional constraints
prevent the ethically appropriate course of action
from being carried out”.! It should be mentioned
that such thoughts and feelings can be triggered by
simple matters, such as pointless laboratory tests,
to very serious conditions, such as life and death
decisions. According to Corley et al, moral
distress is the consequence of the individual’s
effort to maintain his personal integrity and
dignity during actions that are opposite to his
ethical beliefs.?

MD is quite often among all health care
professionals and subsequently physicians are also
experiencing such feelings. However, the role of
the physician differs substantially from the other
health workers, as the central responsibility for the
clinical outcome is in his hands. More specifically,
the physician’s responsibility is multilevel, as it

constitutes the responsibility for the individual

Methods

The purpose of this research was the investigation
of MD among Greek physicians of all specialties
who are working in the Greek National Health
System GNHS. This study was conducted from
March 2020 to May 2020 in seven hospitals (6
general hospitals and 1 cancer hospital) in Athens
and Thessaloniki. Through the personal interview,
the participants fulfilled the Moral Distress Scale-
(MDS-R)
translated by two independent bilingual speakers

Revised questionnaire which was
from English to the Greek language. A total
number of randomly chosen 200 physicians, of all
specialties and degrees, participated in the survey
through direct interview.

The MDS-R questionnaire, as revised by Hamric et
al. in 2012, was used for the purposes of this study.”
This questionnaire constituted 21 items that
describe situations commonly met in clinical
practice that are associated with MD. The score for
each item ranges from 0 (never) to 4 (very
frequently) for the frequency and from 0 (none at
all) to 4(very extended) for the intensity

respectively. The aggregate of all the items, which

(coverage of the patient’s needs in health), social
responsibility (promotion of public health),

legislative responsibility and personal
responsibility (need to be accepted as a good
doctor by his colleagues and patients).> All these
factors can contribute to the development of non-
controlled MD with presentations such as
outbursts of rage, burnout syndrome and
secondary acute anxiety disorders.* Moreover, MD
is associated with inadequate medical judgment
which can lead to serious medical errors.

A lot of studies have been performed worldwide
regarding MD in nursing staff, but the evidence for
the physicians is limited.® However, the incidence
of MD is high among physicians. Houston et al.
found that the incidence and severity of MD were
higher for nurses, but physicians followed in
proximity, especially the residents.” The
investigation of MD among physicians is limited
worldwide and in Greece, there is no evidence

reported in this field.

is a composite score ranging from 0 to 336, reveals
the degree of MD. More specifically, the greater
score of the MDS-R corresponds to a higher degree
of MD, with a cutoff value for its presence at 100

units.”

The study was conducted after written approval of
the ethics committee of Evangelismos General
Hospital (141-23/04/2020). All participants were
informed about the purpose of the study. The
whole investigating and experimenting process is
in accordance with the Declaration of Helsinki and
the Greek legislation in Bioethics. The personal
data and rights were protected according to the

law.

Quantitative variables were expressed as mean
values (Standard Deviation) or as median
(Interquartile Range), while qualitative variables
were expressed as absolute and relative
frequencies. Exploratory factor analysis was
carried out to evaluate construct validity, disclose
underlying structures and reduce the number of

variables of MD scale. Principal component
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analysis (PCA) was chosen as the extraction
method using Varimax rotation. Kaiser-Meyer-
Olkin procedure for measuring sample adequacy
was applied. The cut-off point for factor loadings
was 0.40 and for Eigenvalues it was 1.00. Intraclass
correlation coefficients (ICCs) were used in the
test-retest procedure. Internal consistency
reliability was determined by the calculation of

Cronbach’s «a coefficient. Scales with reliabilities

Results
The sample consisted of 200 physicians with a
(SD=11.5 years).

Participants” sociodemographic characteristics are

mean age of 36.8 years
reported in Table 1. Six out of ten were males, 63%
were unmarried and 35% had children. The

majority of the participants had a bachelor's degree

equal to or greater than 0.70 were considered

acceptable. Convergent validity was tested
through intercorrelations (Spearman’s rho) among
the factors that emerged from the factor analysis.
All reported p values are two-tailed. Statistical
significance was set at p<0.05 and analyses were
conducted using Statistical Package for Social

Sciences (SPSS) statistical software (version 22.0).

and were working in a general hospital, with the
percentages being 61% and 62.5% respectively.
Mean working experience was 10 years (SD=9.6
years) and 28% of the sample had worked abroad

as a physician.

Table 1. Demographic characteristics

Characteristics N (Total number 200) (%)
Sex

Males 120 (60.0)

Females 80 (40.0)
Family status

Unmarried 126 (63)

Married 72 (35)

Divorced-Widowed 2(1)

Children 70 (35)
Educational status

Bachelor degree 122 (61.0)

MSc 36 (18.0)

PhD 34 (17.0)

University title holder 8 (4.0
Hospital

General 124 (62)

Oncological 76 (38)
Working experience (years), mean (SD) 10.0+9.6
Ever worked abroad as a physician 56 (28)

Table 2. Descriptive measures for items of the Moral Distress scale

. Frequency x
Frequency Level of disturbance Level of disturbance
Mean Median Mean Median Mean Median
(SD) (IQR) (SD) (IQR) (SD) (IQR)
Choilebmemeniet o 2w 1w
1.2 1— 1.37 1—4 21 2—12
insurers to reduce costs. (128) ( 3) (1.37) ( ) (521) ( )
2. Witness healthcare providers giving 1.98 2 241 3 5.48 5
“false hope” to the patient or family. (1.33) 1-=3) (1.4) 1—4) (5.27) 1-9)
e 2 3 a2 e
PP 18 (1.21) @—1) (1.32) (1—3) (5.29) 2—9)

not in the best interest of the patient.
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Frequency x

Frequency Level of disturbance Level of disturbance
Mean Median Mean Median Mean Median
(SD) (IQR) (SD) (IQR) (SD) (IQR)

4. Initiate extensive life-saving actions 2.53 3 222 2 6.20 6
when I think they only prolong death. (1.32) (1.5—4) (1.35) 1-3) (5.20) 2-9)

5. Follow the family’s request not to 925 ’ 23] ’ 5.04 4
discuss death with a dying patient ' ’ '
who asks about dying, (1.37) (1-3) (1.39) (1—4) (5.32) 2—9)

6. Feel pressure from others to order 908 5 27 ” 617 6
what I consider to be unnecessary tests
and treatments. (1.37) (1-3) (1.33) (1-3) (5.36) (1—12)

7. Continue to participate in care for a
hopeless(liy ill pers;)n wh(;1 is being 198 ) 1.96 ’ 483 3
sustained on a ventilator, when no one
will make a decision to withdraw (1.46) (1=3) (140) 1=3 19 ©=9
support.

8. Avoid taking action when I learn that
a physician or nurse colleague has 1.61 1 1.95 2 3.74 2
made a medical error and does not (1.34) 1-=3) (1.42) (1-=23) (4.46) (0—06)
report it.

9. Assist another physician who in my 904 5 190 » 495 4
opinion is providing incompetent ' ’ '
care. (1.30) (1-3) (1.46) (0—=3) (5.09) (0—13)

10. Be required to care for patients I don’t 1.80 2 1.98 2 4.38 3
feel qualified to care for. (1.29) (1-3) (1.51) (0—=3) (4.82) (0—6)

11. Let medical students perform painful 1.43 1 1.0 1 191 0
procedures on patients solely to ' ’ '
increase their skills. (1.38) ©0-3) (1.38) 0-2) (345) ©0-3

12. Provide care that does not relieve the
patient’s suffering because I fear that 1.54 1 1.56 1 2.73 1
increasing the dose of pain medication (1.28) 1-=3) (1.36) (0—23) (3.73) (0—4)
will cause death.

13. Request nurses or others not to discuss 1.58 1 173 ’ 305 ’
the patient’s prognosis with the (136) 0—3) (1.40) 0—3) 4.27) 0—1)
patient or family.

14.Increase the dose of sedatives/opiates
for an unconscious patient that I 0.95 0 1.77 15 1.94 0
believe could hasten the patient’s (1.26) 0—=2) (1.64) 0-=3) (3.79) 0—=2)
death.

15.Take no action about an observed
ethical issue because the involved staff 1.57 1 2.28 3 4.28 3
member or someone in a position of (1.3) 1-=2) (1.52) 1-—4 (4.88) 0-=7)
authority requested that I do nothing.

16.Follow the family’s wishes for the
patient’s care when I do not agree with 1.61 1 2.59 3 4.67 3
them, but do so because of fears of a (1.33) 0—=3) (1.54) 1—4) (5.09) (0—38)
lawsuit.

17. Work with nurses or other healthcare 212 ) 247 3 612 4
providers who are not as competent as (1.31) (1-3) (1.37) (1—4 (5.23) (1—12)
the patient care requires.

18. Wit111ess c‘liiminished patient care 201 ) 255 3 591 4
quality ue to poor team
communication. (1.27) 1-3) (1.37) 2—4) (5.04) 2—9)

19.Ignore situations in which patients
have not been given adequate 1.46 1 2.18 2 3.37 2
information to ensure informed (1.25) 0—=2) (1.44) 1-=3) (4.06) 0—6)
consent.

20. Watch patient care suffer because of a 1.96 2 2.46 3 5.46 4
lack of provider continuity. (1.37) 1-=3) (1.48) (1—4) (5.25) 0—9)
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Frequency x
Level of disturbance

Frequency Level of disturbance

Mean Median Mean Median Mean Median

(SD) (IQR) (SD) (IQR) (SD) (IQR)
T ovoider sting ot 1 comsiden 2% 2 264 3 e1769)
P & (1.32) 1-3) (1.46) 1—14) S (1—12)

unsafe.

*Standard Deviation (SD), Interquartile Range (IQR)
Moral distress items are presented in Table 2. the commonly recommended value of 0.60.
Bartlett’s test of sphericity (test of at least one

The test-retest procedure was undergone in a significant correlation between 2 of the items

sample of 18 physicians and it was found studied) was also significant at p<0.001. The

significant and high agreement in all of the MD loadings for all items were above 0.40, further

scale items, as shown in Table 3. confirming that each item shared some common

Initially, the factorability of the 21 items was variance with other items. Given these overall
examined. The Kaiser-Meyer-Olkin (KMO) indicators, factor analysis was regarded to be
measure of sampling adequacy was 0.85, above suitable for all the 21 items.

Table 3. Test-retest results (N=18)

Item ICC 95% CI P

1 1.00 .98 -1.00 <.001
2 .99 .97 -1.00 <.001
3 .99 .98 -1.00 <.001
4 99 .96 -.99 <.001
5 1.00 1.00 - 1.00 <.001
6 .97 92-.99 <.001
7 .98 .95-.99 <.001
8 .98 .95-.99 <.001
9 .98 94 -.99 <.001
10 .98 .95-.99 <.001
11 .97 91-.99 <.001
12 1.00 .99 -1.00 <.001
13 1.00 .99 -1.00 <.001
14 1.00 .98 -1.00 <.001
15 .99 .97-1.00 <.001
16 1.00 1.00 - 1.00 <.001
17 .98 .93 -.99 <.001
18 1.00 1.00 - 1.00 <.001
19 1.00 .99 -1.00 <.001
20 1.00 1.00 - 1.00 <.001
21 1.00 1.00 - 1.00 <.001

Four factors emerged from exploratory factor The first factor “Ability/ Adequacy” consisted of 8
analysis, whose results are presented in Table 4. items and explained 17.7% of the variance.
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The second factor “Utility” consisted of 4 items
and explained 14.3% of the variance. The third
factor “Bioethics” consisted of 5 items and

explained 13.4% of the variance.

Table 4. Exploratory factor analysis results with PCA method and Varimax rotation

Finally, the fourth factor “Fear of sanctions”

consisted of 4 items and explained 1.4% of the

variance. All factors combined explained 46.8% of

the variance.

Factor loadings

Ability/
Adequacy

Utility

Bioethics

Fear of
sanctions

1. Provide less than optimal care due to pressures from
administrators or insurers to reduce costs.

46

2. Witness healthcare providers giving “false hope” to
the patient or family.

.53

3. Follow the family’s wishes to continue life support
even though I believe it is not in the best interest of the
patient.

.78

4. Initiate extensive life-saving actions when I think they
only prolong death.

72

5. Follow the family’s request not to discuss death with
a dying patient who asks about dying.

.69

6. Feel pressure from others to order what I consider to
be unnecessary tests and treatments.

44

7. Continue to participate in care for a hopelessly ill
person who is being sustained on a ventilator, when no
one will make a decision to withdraw support.

.60

8. Avoid taking action when I learn that a physician or
nurse colleague has made a medical error and does not
report it.

45

9. Assist another physician who in my opinion is
providing incompetent care.

.50

10. Be required to care for patients I don’t feel qualified
to care for.

.60

11. Let medical students perform painful procedures on
patients solely to increase their skills.

.83

12. Provide care that does not relieve the patient’s
suffering because I fear that increasing the dose of pain
medication will cause death.

71

13. Request nurses or others not to discuss the patient’s
prognosis with the patient or family.

.66

14. Increase the dose of sedatives/opiates for an
unconscious patient that I believe could hasten the
patient’s death.

73

15. Take no action about an observed ethical issue
because the involved staff member or someone in a
position of authority requested that I do nothing.

71

16. Follow the family’s wishes for the patient’s care
when I do not agree with them, but do so because of
fears of a lawsuit.

48

17. Work with nurses or other healthcare providers who
are not as competent as the patient care requires.

.70

18. Witness diminished patient care quality due to poor
team communication.

71

19. Ignore situations in which patients have not been
given adequate information to ensure informed consent.

48

2. Watch patient care suffer because of a lack of provider
continuity.

.70
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21. Work with levels of nurse or other care provider

staffing that I consider unsafe. 81
% Variance explained 17.7 14.3 13.4 10.4
Table 5. Cronbach’s a coefficient for each factor
Factor Item Corrected Item- Cronbach's Alpha if Cronbach's
Total Correlation Item Deleted Alpha
Ability/ Adequacy 1 .52 .84 .85
9 45 .85
10 47 .84
17 .68 .82
18 .68 .82
19 .51 .84
20 .64 .82
21 72 .81
Utility 2 45 .79 .78
3 .69 .67
4 .65 .70
5 .57 74
Bioethics 8 .37 78 .76
11 .64 .68
12 .54 71
13 .53 71
14 .59 .69
Fear of sanctions 6 47 .65 .70
44 .66
15 .50 .63
16 .54 .60

Cronbach’s o coefficients were all above 0.7,

indicating acceptable reliability in all factors, as

shown in Table 5.

All four factors were positively correlated with

each other, as presented in Table 6. Thus, higher

ability/adequacy is correlated significantly with

greater utility and bioethics concerns. Also,

greater utility is correlated significantly with

greater bioethics concerns. Furthermore, greater

fear of sanctions is positively correlated with

greater ability/adequacy, utility and bioethics

concerns.

Table 6. Descriptive measures and correlation coefficients among factors

Fact Number of Mean Median Correlation coefficients
actor items (SD) (IQR) 1 2 3 4
1 Ability/ Adequacy 8 5.18 4.84 1.00 .52 .58 .62
(3.48) (2.25 —7.50)

2 Utility 4 5.93 4.88 1.00 .35 .63
(4.12) (2.75 —9.00)

3 Bioethics 5 2.66 1.80 1.00 49
(2.83) (0.60 —3.60)
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4 Fear of sanctions 4 4.97
(3.73)

450 1.00
(2.00 —7.50)

Note. All correlation coefficients were significant at p<.0.001

The score for MD ranged from 0 to 266 units with
a mean value of 101, 4 units (SD=57, 0 units). There

was no correlation detected between MD and

demographic characteristics and educational level.

On the contrary, MD was found higher for
consultants in comparison to the other
hierarchical levels (p=0.031) (values according to
hierarchical level: residents 102, fellow 74,
resident 121, head of department 104). The study
also revealed a significant difference in the MDS-
R score between general and cancer hospitals.
More specifically, the mean score for workers in
general hospitals was 109 (36) compared to 87 (9)
for workers in cancer hospitals (p=0.021). In
addition, in the physicians who declared intention
to leave their current clinical position, the score of

MD was significantly higher (p=0.001).

Discussion

The impact of MD is a field that concerns the
scientific society more and more due to the
consequences of this phenomenon for both the
health workers and the quality of the medical care
provided. According to Fumis et al., the incidence
of burnout syndrome was elevated for the
individuals who recorded scores of the MDS-R
greater than 100 units.® In this study, most of the
scores of most participants surpassed the limit of
100 units and this is indicative of increased

incidence of MD among Greek physicians.

Although other studies in the field of disorders
related to work showed that these entities are
correlated with demographic characteristics, in
this research there wasn’t any such correlation
detected.’® However, the degree of the consultant
and working in a general hospital were
independent factors contributing to higher MDS-
R scores. Austin et al. showed that MD was higher
for physicians with 6-10 years of working
experience which is compatible with the findings

of this research." One useful finding of this survey

is that physicians who worked in general hospitals

presented higher scores of MD compared to those

working in cancer hospitals. This result is reported
for the first time in the literature, as far as we know
from our research. Additionally, MD was
associated with the intention to leave the current
job, a finding that was also reported from other

studies.1213

The results of this study showed that MDS-R, in
its Greek version, is a reliable and wvalid
instrument for the investigation of MD among
physicians working on GNHS. Moreover, the
factor analysis confirmed that all the items of
MDS-R are suitable for inclusion in the Greek

version of the questionnaire.

The examination of factorability revealed four
factors that implicate MD, which are the following;:
Ability/ Adequacy, Utility, Bioethics, and Fear of
sanctions. In previous studies on this domain, the
emerging factors were either 3 to 6. More
specifically, three factors were used by Corley et
al., by whom the MDS was introduced for MD
measurement in nurses, and by Hamric et al., who
made a revision of the initial scale (MDS-R) which
is suitable for the study of others categories of
health workers.28 On the other side, the Italian
version of MDS-R used the following four factors:
futile care, deceptive communication, ethical
misconduct and poor teamwork. Moreover, the
total variance was found 59% for the four-factor
model, significantly more suitable than the 3-
factor model in which the variance was 19%.
Other researchers used 5 or 6 factors in the
analysis of MD concerning nursing stuff.!>'6 In our
research, the total variance was 46,8% which is
quite satisfactory. In addition, all the factors were
positively correlated with each other, although the

degree of correlation varied. (Table 6)

In daily practice, physicians find ways to cope
with MD intentionally or unconsciously. The
diligence, the autonomy, the compromise and the
intuition are some techniques used for this
purpose based on the statements of physicians
and nurses.'” However, MD is a condition that

affects the organization’s function. Morris and
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Dracup support that methods and mechanisms for
the detection of MD are required and at the same
time, the collection of more evidence is essential
for the investigation of this multimodal
phenomenon.’s According to Tigard,
interventions are needed and the recording of
their efficacy will permit the evaluation of these
measures. Therefore, the experience will augment
this domain during experimenting with more
effective choices in the future.' In any case, Garros
declares that the culture of frank dialogue and
good team communication is a beneficial
preventative measure for the elimination of MD

among physicians.?

The sample of the study constituted physicians of
all specialties, all degrees, and different hospitals
of the two largest cities of Greece. In this thought,
the results of the study can be generalized and
depict the MD incidence and characteristics
among physicians of the GNHS. In regard to the
study limitations, it should be mentioned that the
research took place during the first wave of the
pandemic COVID-19 in Greece (March 2020 —- May
2020) under unusual conditions. Despite this fact,
the validity and the integrity of MDS-R for the
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Introduction

Personal protective

measures

ABSTRACT

Introduction: Personal protective measures (PPMs) hold relevance despite mass
coverage of COVID-19 vaccination. Medical students can be vital in training people
in infection control practices. This study was therefore done to assess the practices

of PPMs among undergraduate medical students against COVID-19.

Methods: A cross-sectional study was done in January 2021 among first to final-
year students at a private medical college in Mangalore. Data were collected using
a Microsoft form. A sample size of 282 was calculated. However, a sample size of

302 was achieved.

Results: The mean age of the 302 participants was 21.2+1.6 years. The majority of
them were females 179 (59.3%). Face mask was worn by 295 (97.7%) participants.
Non-recommended types of face masks like using cloth masks 108 (36.6%) and
handkerchiefs 7 (2.4%) were reported by face mask users. Face mask was worn
incorrectly on most occasions by 35 (11.9%) users. Replacement of disposable type
of face masks was not done every day by 181 (61.4%) face mask users. Discarding
of disposable masks was not done whenever it became moist on every occasion by
142 (48.1%) users. Only 79 (26.8%) users always practiced proper disposal of face
masks. Hand sanitizer to disinfect hands was always used by 102 (33.8%)
participants. Only 42 (13.9%) participants always practiced the six steps of hygienic
hand washing. Only 58 (19.2%) participants had a good level of practice of PPMs
against COVID-19. Practice level was significantly poorer among males and first-
year students.

Conclusion: Several gaps in PPMs against COVID-19 were identified among
participants which need to be addressed during future training programs.

Keywords: COVID-19, Personal protective measures, Practices, Undergraduate
medical students

(PPMs) hold risk of transmission of new strains of SARS-Cov-2,

relevance despite mass immunization coverage of
COVID-19 vaccination in the population. This is
because vaccination only gives protection from
severe COVID-19 and does not prevent of risk of

infection. Moreover, there is always a persistent

Int. J. Occup. Safety Health, Volume 14, No 2 (2024), 218-227

which are more infectious than previous strains.!
Essential components of personal protective
equipment (PPE) for preventing SARS-Cov-2
infection comprise wearing facemasks, face
shields, and hand gloves, amongst others.? The
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effectiveness of PPEs further depends upon the
method of wearing the facemask, wearing time,
and the storage, disposal, and periodicity of
decontamination of reusable products. Adherence
to these recommendations is a must, as
improperly worn facemasks do not offer the
desired level of protection. It would rather
predispose the user to spread the infection to
others. Other preventive measures, such as
hygienic hand washing and periodic disinfection
of frequently used surfaces, are also beneficial to

prevent SARS-Cov-2 transmission.

There is a need to raise the awareness of the
general population to continue using PPEs despite
being fully vaccinated against SARS-Cov-2. This
requires the support of undergraduate medical
students who are role models in society. Non-
compliance with any of the COVID-19 preventive
practices among them gives stakeholders crucial
information for planning content to be covered in
future training programs. This will enhance the
skills of young medical graduates to deal with
public health emergencies similar to COVID-19 in
the future. Hence there was a need to test the
hypothesis of whether the practices of PPMs
against COVID-19 were satisfactory or not among

medical students in the settings.

Very few studies on this topic have been done in
India despite the presence of COVID-19 from the
beginning of 2020.3 Prior studies done elsewhere
had limitations. For instance, medical students of
only particular semesters were included in a study
done in Russia.* A study done in Jordan, presented
findings combining medical with other health
science students.> To address these limitations in
the review of the literature, and to improve
epidemic preparedness among medical students
in the setting for dealing with infectious diseases
in the future, this study was essential. The
objective of the present study was therefore to
assess the practices of undergraduate medical
students regarding PPMs against COVID-19.

Methods
This cross-sectional study was done in January

2021 among undergraduate medical students of a

private institution in Mangalore situated in south

India. The ethics committee approval was taken
on December 16t%, 2020 from the institutional
ethics committee. The approval number was
IECKMCMLR-12/2020/414. Permission to collect
information from students was subsequently

taken from the Dean of this institution.

The sample size was calculated using the formula
4pqg/d2. In a study done in Poland$, during the first
wave of COVID-19, 62.8% of medical students
wore face masks. Based on this proportion, at 95%
confidence interval and 90% power, the sample
size was calculated as 237. Adding 20% as the non-
response rate, the final sample size that was

targeted in the present study was 285.

A semi-structured questionnaire designed as a
Microsoft form was used for data collection. It was
prepared with the help of literature available
online. The questionnaire was content-validated
with the help of faculty members from the
Department of Medical Education. It was then
pilot-tested among five medical students who

were not part of the main study.

The data collection tool was circulated among all
medical students of this institution with the help
of WhatsApp and email. The first page of the
questionnaire contained the information sheet and
consent form. Those participants who did not
consent to participate and those below 18 years
were excluded from participation. Incompletely

filled questionnaires were also excluded.

The questionnaire had two sections. The first
section enquired about the socio-demographic
details of the participants. The second section
enquired about their preventive practices since the
onset of the COVID-19 pandemic. The frequency
of practices was assessed on a five-point Likert
scale using responses “always”, “most of the

a7 7

time”, “sometimes”, “rarely”, and “never”.

The level of practice was assessed by assigning
scores to each component of PPMs against
COVID-19. The practice of wearing any
recommended face mask outside the house, if
reported “always” by the respondent, was scored
1, the method of wearing a face mask by covering

the bridge of the nose to the bottom of the chin if
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reported “always” was scored 1, the practice of
preserving disposable face mask in a plastic bag
for subsequent usage or disposing of it in a
covered bin if reported “always” was scored 1,
replacement of disposable mask if done every day
was scored 1, the practice of discarding disposable
masks as and when it becomes moist if reported
“always” was scored as 1, the practice of using
hand sanitizers to disinfect the hands if reported
“always” was scored as 1, the practice of
disinfecting the surfaces at the workplace if
reported “always” was scored as 1, and method of
washing hands by following all six steps of
hygienic hand wash if reported “always” was
scored as 1. The minimum and maximum possible
scores ranged from 0 to 8. The scores assigned to
the most essential components of practices,
namely, always wearing any recommended
facemask, always following the right method of
wearing the facemask, always following the right
method of preserving or disposing of the face
mask, always practicing the right periodicity of
replacement of the disposable mask, always
discarding disposable masks when it becomes
moist, and always using hand sanitizers totaled to
6 points. Hence, non-achievement of 6 points (or
75% of the maximum score) was considered a poor

level of practice against the prevention of COVID-
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19. Achievement of 7 or 8 points was considered a
good level of practice among the participants. The
data was analyzed using IBM Statistical Package
for Social Sciences for Windows version 25.0,
Armonk, New York. Descriptive statistics like
percentages, mean and standard deviation were
calculated. Univariate analysis was done using the
Chi-square test. All variables associated with a p-
value of 0.20 or less in univariate analysis were
introduced into the binary logistic regression
model. p value less than 0.05 was taken as the cut-
off to assess significance. The reliability of the
questionnaire was analyzed. Cronbach’s alpha
value was 0.903, indicating excellent internal

consistency.

Results
A total of 340 participants consented to take part

in this study. However, filled questionnaires were
submitted by only 302 of them giving a response
rate of 88.8%.

The mean age of the participants was 21.2+1.6
years and it ranged from 18 to 25 years. The
majority were females 179 (59.3%), and a majority
of them were permanent residents of urban areas
249 (82.4%) as shown in Figure 1.

The face mask was worn by 295 (97.7%)

participants as shown in Figure 2.
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Figure 1: Socio-demographic distribution of the study participants (n=302).
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12(4%) 7(2:3%)

30(9.9%)

64(21.2%)

189(62.6%)

m Always = Most of the time = Sometimes Rarely = Never

Figure 2: Frequency of wearing face masks outside the house among the participants (n=302)

Table 1: Practices of using face masks against COVID-19 among the participants

since the onset of the COVID-19 pandemic (n=302).

Description N %
The practice of using a face mask

Yes 295 97.7

No 7 2.3
Type of face mask used (n=295)*

Triple-layered surgical masks 164 55.6

N95 masks 155 52.5

Cloth masks 108 36.6

Single-layered surgical masks 83 28.1

FFP2 10 3.4

Handkerchief 7 2.4
Method of wearing a face mask (n=295)

Covering the bridge of the nose to the bottom of the chin on most 260 88.1

occasions

Covering only the mouth on most occasions 18 6.1

By placing it below the chin on most occasions 8 2.7

By strapping it around the neck on most occasions 9 3.1
Number of face masks worn on each occasion (n=295)

Single 245 83.0

Double 48 16.3

Triple 2 0.7
Frequency of usage of multiple masks (n=50)

Always 8 16.0

Most of the time 12 24.0

Sometimes 17 34.0

Rarely 13 26.0

*Multiple responses
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All of them were using disposable type of face
masks. The most common type of face mask used
was triple-layered surgical mask 164 (55.6%)
among the face mask users as shown in Table 1.
Non-recommended types of face masks like using
cloth masks were reported by 108 (36.6%) and
handkerchiefs to cover their face by seven face
mask users.

Out of 295, 260 (88.1%) participants wore the mask
in the right way by covering from the bridge of the

nose to the bottom of the chin on most occasions.
Only 79 (26.8%) face mask users always practiced
proper disposal of face masks. Periodicity of
replacement of disposable type masks at least once
a day was reported by 114 (38.6%) out of the 295

face mask users.

Out of 295 face mask users, 153 (51.9%) always
practiced discarding disposable masks whenever

they became moist as shown in Table 2.

Table 2: Practices of preserving, replacing, and discarding disposable type of face masks after usage

among the participants using face masks since the onset of the COVID-19 pandemic (n=295).

Description N %

The practice of preserving disposable face masks in a plastic bag for

subsequent usage or disposing of the same day in a covered bin
Always 79 26.8
Most of the time 98 33.2
Sometimes 91 30.8
Rarely 23 7.8
Never 4 1.4

Periodicity of replacing disposable face mask
After every use 67 22.7
Once a day 47 15.9
Once in 2 days 50 17.0
Once in 3 days 50 17.0
Once a week 47 15.9
Once in 2 weeks 22 7.4
Once a month 12 41

The practice of discarding disposable mask when it becomes moist
Always 153 51.9
Most of the time 112 38.0
Sometimes 27 9.1
Rarely 3 1.0
Never 0 0

Hand sanitizers were used by 273 (90.4%)

participants as shown in Figure 3.

Out of the 273 hand sanitizer users, 218 (79.8%)
used alcohol-based sanitizers, 22 (8.1%) used
ayurvedic sanitizers (non-alcohol-based sanitizers)
and 33 (12.1%) used both types of sanitizers.

Among the 251 alcohol-based sanitizer users, the

frequency of checking its alcohol content was
reported always by 21 (8.4%), most of the time by
23 (9.2%), sometimes by 39 (15.5%), rarely by 57
(22.7%), and never by 111 (44.2%) of them.

The practice of washing hands by following all six
steps of hygienic hand washing was always done

by 42 (13.9%) participants as shown in Table 3.
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29(9.6%)

38(12.5%)

73(24.2%)

102(33.8%)

60(19.9%)

m Always = Most of thetime = Sometimes Rarely = Never

Figure 3: Frequency of usage of hand sanitizers among the participants (n=302).

Table 3: Practices of usage of other personal protective measures against COVID-19 among the

participants since the onset of the pandemic (n=302).

Frequency of usage

Description Always Mo:itnc:i the Sometimes Rarely Never
N % N % N % N % N %
The pattern of usage of face 1, =y 5 53 76 33 126 60 198 169 560

shields outside the house

The practice of wearing

12 40 23 76 36 119 70 232 161 533
hand gloves
Frequency of disinfecting 76 252 65 215 108 358 31 102 22 73
the surfaces at the workplace
The practice of washing
hands by following all the 42 139 58 192 100 331 61 202 41 136

six steps of hygienic hand
wash

The pattern of handwashing was reported as and
225(74.5%),
prophylactically every 30 minutes by 29(9.6%),

only when  required by
and prophylactically every hour by 48(15.9%)
participants.

The level of practice of using PPMs during the
COVID-19 pandemic was found to be of a good
level among 58(19.2%) participants.

In both univariate and multivariable analyses,

males and first-year students significantly
reported poorer practices concerning the usage of
PPMs against COVID-19 infection as shown in
Table 4. However, no association of the same was
seen with the participant’s current place of stay
(p=0.424) and permanent place of residence

(p=0.222).
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Table 4: Association of socio-demographic variables with the level of practices of personal protective

measures among the participants during the COVID-19 pandemic (n=302).

Socio- Good level Poor level of Total UOR x2value, AOR (95% p-
demographic of practice practice (95% CI) p-value CI) value
variables N % N %
Age (years)
1.973 (0.846- X2=2.547 1.644 (0.395-
220 51  21.0 192 79.0 243 0.494
4.604) p=0.111 6.84)
<19 7 119 52 881 59 1 1
Gender
2.538 (1.322- X>=8.185 2.764 (1.422-
F 1 44 24. 1 754 17 .
emates 6 17 ’ 1872)  p-0ooa 5373 0P
Males 14 114 109 886 123 1 1
Year of study
2nd to final 2.774 (1.253- X2>=6.751  3.331 (1.48-
50 228 169 772 219 0.004
year 6.138) p=0.0094 7.498)
1st year 8 9.6 75 90.4 83 1 1
Nationality
, 1.907 (0.771-  X2=2.0  2.234 (0.884-
Ind 2 20. 2 794 252 .
ndians 5 0.6 00 9 5 4717) p=0.157 5.648) 0.089
NRI
! 6 120 44 880 50 1 1
Foreigners
Total 58 244 302

X% Chi-square,
NRIs: Non-Residential Indians

Discussion

In the present study, 97.7% of participants wore
face masks in comparison to 62.8% reported in a
study done in Poland,® 70.3% reported in a study
done in Raipur, India,® and 94.9%,” and 97.5%* in
studies done in Russia among medical students
during the COVID-19 pandemic. Although none
of the above-mentioned studies reported 100%
usage, it becomes a civic responsibility to wear
face masks both for personal protection and for
others during the COVID-19 pandemic.”

The majority of the participants in this study used
the recommended triple-layered surgical mask,
which was similar to the findings of the Polish
study,® where 42.4% and in a study done in
Georgia,® where 80.8% medical students used the
same. In the study done in Raipur, India, N95 was
used by 74.5% of medical students.? This meant

UOR: Unadjusted Odds Ratio,

AOR: Adjusted Odds Ratio,

that most students used the correct type of face
mask during the COVID-19 pandemic. However
non-recommended types of face masks like cloth
type of face masks and usage of handkerchiefs as
face masks were used by 36.6% and 2.4% of face
mask users respectively in the present study. In
the Russian study,* 27.4% and in the Polish study,*
42.9% participants too had used cloth type of face

masks.

As much as 17% of the 295 face mask users in this
study, reported having used multiple face masks
simultaneously, as also practiced by 35.1% of
participants in the Polish study.t Use of multiple
masks, although may feel discomforting, is known

to improve the efficacy of face masks.!

In this study, 11.9% of the face mask users had
worn the face mask incorrectly, which defeats the

purpose of wearing it and gives a false assurance
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of protection to both users and others. Similarly in
the Polish study,® 14.3% and in the Russian study,*
24.8% respondents did not cover their mouth and
nose while using the face masks. The correct
method of wearing a face mask is by covering the
bridge of the nose to the bottom of the chin.! The
correct method of wearing face masks needs to be
emphasized in future training programs among
medical students by demonstration and back

demonstration methods.

As many as 61.4% of face mask users in this study
did not replace the disposable type of face mask
every day, as also reported by 589% of
participants in a study done in Georgia.® As per
the recommendations, disposable face masks need

to be replaced every day."2

In the present study, disposable face masks, when
moist, were not discarded on every occasion by
48.1% of the 295 face mask users. Other studies
also reported that 13.6%?2 and 69.5%! participants
continued wearing masks despite being moist.
Moist face masks do not offer any protection and

hence need to be discarded immediately.!*

73.2% of the 295 face mask users in this study did
not practice appropriate disposal of face masks on
every occasion. In prior studies too, 22.9%,°
39.2%,5 and 44.3%* did not practice the same. As
per recommendations, disposable face masks
need to be kept in a closed plastic bag after usage
or, if intended to be discarded, to be done in a

covered bin.1214

Appropriate usage and disposal of face masks are
crucial in avoiding the contamination of the
mouth and nose by infective droplets during the
pandemic.? Faulty practices will reduce the
efficacy of infection control practices. These issues
should therefore be addressed in future training

programs for medical undergraduates.

Other gaps in practices identified among
participants in this study, such as non-compliance
with the six steps of hygienic hand washing
World  Health

Organization,'® and not disinfecting the hands and

recommended by  the

other frequently touched surfaces also need to be

covered in future training programs. Although

these are not known to be the predominant modes
of transmission of COVID-19, these practices are
however essential among medical students for
preventing infections during their clinical
postings.?

In the present study, females and second to final-
year students had a better practice level of PPMs
compared to males and first-year students. In
other studies, practice scores were significantly
higher among medical students with prior
volunteering  experiences, among females,
students from private universities, and among

third-year students.316

Through their clinical exposure during hospital
postings, second to final-year students are
expected to have better information and
experience in using PPE and practicing other
preventive measures for infection control. This
may be the reason behind their practice level being
significantly better than the pre-clinical students
in the first year. Male students need to be
motivated to exhibit greater seriousness in
following preventive practices for infection
control. Methods of proper usage and handling of
PPEs need to be covered in the medical
curriculum. Such skill training in pandemic
response will enable them to be competent
volunteers in assisting healthcare professionals in
the fight against COVID-19 and other similar

medical emergencies in the future.

Conclusions

Several gaps in the practices of PPMs against
COVID-19 were identified in this study. Face
mask was incorrectly worn, recommended
wearing time was exceeded, repeated use of moist
disposable masks was practiced, masks were not
properly disposed of, and hand sanitation
practices were not followed by several
participants. Dangerous practices like not wearing
face masks or using handkerchiefs as face masks
were reported by a few participants. Hardly one
in five participants had a good level of practice of
following PPMs against COVID-19. Practice level
was significantly poorer among males and first-
year students. These issues need to be addressed

in future training programs particularly among
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males and first-year students to make them better
prepared to deal with medical emergencies like
COVID-19 in the future. The findings of this study
might help relevant stakeholders and
policymakers design an appropriate medical
curriculum to update and train medical students

to enhance their skills in infection control.
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ABSTRACT

Introduction: Seafaring, particularly offshore fishing, exposes fishermen to
various occupational risks leading to diseases and injuries. This study aimed to
determine the prevalence of occupational risks, injury accidents, and
contributing factors among offshore fishers in North Vietnam, to develop
evidence-based recommendations to enhance their safety and well-being.

Methods: A cross-sectional study was conducted involving 420 fishermen with
a minimum of two years of experience. Interviews were conducted between 2018
and 2020.

Results: The findings indicated that there is a 41.7% prevalence of accidents and
an average injury rate of 280.2 per person per year. Most incidents occurred at
night with 104 cases (59.4%), slips and falls 48 cases (27.4%), broken winch lines
40 cases (22.9%), and ship collisions 14 cases (8.0%) being the primary causes. The
most common injuries included soft wounds in 92 cases (52.5%) and
sprains/dislocations in 14 cases (8.0%). Fishermen with fewer than 10 years of
experience exhibited a higher accident risk (odds ratio = 1.54; 95% confidence
interval: 1.05-2.72), as did those in the role of a fisherman (odds ratio: 1.68; CI:
0.97-2.94) and those working without labor protection (odds ratio: 3.68; CI: 1.05-
12.93).

Conclusion: Lack of labor protection equipment increased the risk by 3.68 times,
and fishermen had a 2.02 times higher risk of injury. Addressing these risks
requires adherence to labor protection regulations and safe working procedures.

Keywords: Accidents and Injuries, Fishing Vessels, Fishermen, Occupational
Hazard

Introduction

Annually, out of the 4.4 million deaths attributed
to injuries, approximately 3.16 million lives are
claimed by unintentional injuries, while violence-
related injuries account for 1.25 million fatalities.!
The consequences of accidents and injuries extend
beyond the physical harm inflicted upon victims,
significantly impacting socioeconomic aspects,
and severely compromising their quality of life.2-

Seafaring, particularly the fishing industry, entails

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 228-236

a demanding and perilous occupation. Fishing
vessels serve as both living quarters and
workplaces for fishermen during their journeys at
sea. Working conditions in these maritime
environments are exceedingly challenging,
characterized by harsh natural elements such as
large waves, high winds, and substandard
working conditions (e.g. vibrations, noise) that fail
to meet recommended standards. It is worth
https://www.nepjol.info/index.php/IJOSH
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noting that fishing trips typically last for two to
three weeks, and the workforce endures isolation,
loneliness, and detachment from the mainland.6”
Working conditions on board fishing vessels often
fall short of recommended standards, with factors
like vibrations and noise contributing to the

overall difficulty and potential risks.8-10

In Vietnam, accidents are progressively emerging
as leading causes of mortality within healthcare
facilities, exhibiting higher rates of fatalities and
injuries when compared to infectious and non-
communicable diseases.!! With a vast territorial
sea and exclusive economic zone, rich marine
resources, and thousands of inhabited islands,
Vietnam's fishing industry plays a vital role in the
country's economy and food security.’? The
reliance on fishing as a livelihood exposes a large
number of Vietnamese fishermen to the hazards
and risks associated with seafaring. The statistics
further emphasize the significance of the fishing
industry in Vietnam, with over 45.3 thousand
small-scale fishing vessels and a total of 95.24
thousand motorized marine fishing vessels as of
December 2021.13

The study aimed to provide insights into various
aspects, including the socio-demographic profiles
of fishermen, the challenging working conditions
they encounter at sea, the prevalent types of
accidents they experience, and the characteristics
of injuries in terms of their nature and location. By
addressing these facets, the study aimed to
enhance our understanding of the complexities
surrounding accidents and injuries in this
occupational  setting, ultimately informing
strategies and interventions to improve the safety

and well-being of fishermen.

Methods

The study used a descriptive cross-sectional
design. The research topic obtained approval from
the research ethics committee of the Institute of
Marine Medicine, Vietnam (Ref. No: 29/2018/QD-
YHB). All subjects voluntarily participated in the
study, and a consent form was obtained from each

participant.

The research focused on fishermen working on

offshore fishing vessels in the Northern region of
Vietnam. The inclusion criteria were fishermen
with a minimum working experience of more than
2 years who agreed to participate in the study.
Exclusion criteria encompassed those with less
than 2 years of fishing experience, those who
declined to participate, and those who were
primarily engaged in occupations other than
fishing, as their experiences and risks may differ

significantly from those of full-time fishermen.

The research was conducted in various locations
within the Northern region of Vietnam, including
Quang Ninh, Hai Phong, Nam Dinh, and Thanh
Hoa. These four northern provinces were selected
due to their proximity to the sea, making them
suitable for studying offshore fishing activities,
the associated occupational risks in the region and
the study period spanned from 5 June 2018 to 5
June 2020.

The sample size determination employed the
formula:
n=2%p(l-p)/ &

Where:

n: required sample size

Z: confidence coefficient,

chosen as Z =1.96 for a 95% confidence level

p: rate of accidents and injuries in the

community, set at 50%

e: margin of error, set at 5%

By substituting the values into the formula, the
minimum sample size was determined to be 385.
However, to ensure higher reliability, the study
included a sample size of 420 participants. The
sampling method employed was simple random

sampling.

Data were collected through direct interviews
with the 420 participants engaged in offshore
fishing in the Northern region of Vietnam. Data
were collected by trained research assistants using
structured questionnaires. The research content

encompassed the following aspects:

Outcome variables characteristics related to
accidents and injuries in the last two years were
collected, such as the rate, timing, and location of

accidents and injuries on the ship, causes of
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accidents, and the place of injuries on the body.

The study investigated several socio-demographic
characteristics of fishermen as independent
variables, including age, sex, length of service,
educational level, ship's operating range, types of
fishing boats utilized, and rank on board.
Furthermore, descriptive  variables about
accidents were examined, such as the location of
the body damaged by accidents and the cause of

the most recent accident on the boat.

Data entry, cleaning, and processing for
preliminary data analysis were performed using
Stata version 15. The collected data were
summarized through descriptive analysis,
presenting frequencies, proportions, and graphs.
Bivariate analysis was conducted using either the
chi-square test or Fisher's exact test, aiming to
examine the associations between study variables.
Additionally, binary logistic regression analysis
was calculated. The model inclusion criteria were

set at a significance level of p <0.05. Adjusted risk

ratios (ARRs) with corresponding 95% confidence
intervals were calculated. Statistical significance

was determined at a p-value <0.05.

Results
Table 1 provides an overview of the
sociodemographic  characteristics of  the

participants. Age distribution showed a
substantial representation across various age
groups, with a significant proportion falling in the
30-39 years category with 158 participants (37.6%).
In terms of occupational experience, a notable
number of 187 (44.5%) participants had from 10 to
19 years of experience in the fishing industry.
Academic qualifications indicated a range of
educational backgrounds, with a significant
portion of 174 (41.1%) having completed middle
school education. The study also highlighted the
prevalence of 319 (76%) individuals in the role of
fishermen, comprising the majority of the sample,

along with fishing boat captains and mechanics.

Table 1: General characteristics of participants (n=420)

Variable N (%)
Age (years) 20-29 92 (21.9)
30-39 158 (37.6)
40-49 125 (29.8)
50 45 (10.7)
Occupation (year) <10 151 (36.0)
10-19 187 (44.5)
20 82 (19.5)
Academic level Illiteracy 31 (7.4)
Elementary 169 (40.2)
Middle School 174 (41.4)
High school and above 46 (11.0)
Position on the ship Fishing boat captain 67 (16.0)
Mechanic 34 (8.0)
Fishermans 319 (76.0)

Table 2 provides a comprehensive overview of the rate of accidents and injuries among fishermen involved

in offshore fishing activities during the study period. A total of 175 participants, constituting 175 cases

(41.7%) of the sample, reported experiencing injuries, while 245 participants (58.3%) had not suffered

injuries. Among those who experienced accidents, the majority of participants 82(46.9%) reported having

been involved in accidents only once, followed by 44 cases (25.1%) who had two accidents, 22 cases (12.6%)

with three accidents, and 27 cases (19.4%) experiencing four accidents. Furthermore, the study examined
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the time of accidents, with 104 cases (59.4%) occurring during nighttime hours and 71 cases (40.6%) during
the daytime. Regarding the location of accidents, the deck was the most common site, accounting for 121
cases (69.1%), followed by the machine tunnel in 21 cases (12.0%), boat side in 14 cases (8.0%), and

underwater in 19 cases (10.9%).

Table 2: Characteristics of fisherman's accident and injury

Variable N (%)
Injury Yes 175 (41.7)
No 245 (58.3)
Frequency of accidents 1 time 82 (46.9)
2 times 44 (25.1)
3 times 22 (12.6)
4 times 27 (19.4)
Time of accidents Daytime 71 (40.6)
Night 104 (59.4)
The location of the accident occurred Deck 121 (69.1)
Machine tunnel 21 (12.0)
Boatside 14 (8.0)
Underwater 19 (10.9)

Table 3: Causes and nature of injury of accidents and injuries

Variable N (%)
Reason Complications due to pressure 8 (4.6)
Ship engine repair 11 (6.3)
Poisoning 6 (34)
Sea snake bites, fish fins stab 14 (8.0)
Winch, winch rope broken 40 (22.9)
Fall 48 ()27.4
The train collided 14 ()8.0
Labor tools on board 13 (7.4)
Burn 12 (6.9)
Fight 9(5.1)
The nature of Software wound 92 (52.5)
the damage Sprains, dislocations 14 (8.0)
Fracture 12 (6.9)
Partial amputation 7 (4.0)
Joint pain (reduced pressure) 4(2.3)
Traumatic brain injury 4 (2.3)
Falling into the sea 14 (8.0)
Poisoning 6 (3.4)
Vascular wound 6 (3.4)
Paralysis (hypotension) 4(2.3)
Burn 12 (6.9)
Table 3 presents a detailed breakdown of the fishermen involved in offshore fishing activities.
leading causes of accidents and injuries among Among the reported reasons for injuries, several
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factors were identified. The most common cause
of injuries was “fall” accounting for 48 cases
(27.4%), followed by winch, winch rope broken at
40 cases (22.9%). Additionally, injuries resulting
from ship engine repair, sea snake bites, fish fins
stabbing, and the train collision were also noted.
When examining the nature of the injuries
sustained, soft tissue wounds constituted the

majority, with 92 cases (52.5%).

Table 4 displays a comprehensive breakdown of

the specific locations of injuries resulting from

accidents among fishermen. Among the reported
locations of injury, the most commonly affected
area was the shoulder, forearm, arm, and hand,
accounting for 79 cases (45.1%). In addition, thighs,
legs, and feet were affected in 43 cases (24.6%),
indicating the vulnerability of lower extremities to
injuries. Body injuries were 20 cases (11.4%,
followed by abdomen, back, and pelvis with 14
cases (8%). While head, eye, and dento-maxillo
facial injuries were less common, they
underscored the diverse range of injuries

experienced by the participants.

Table 4: Injury locations on the body caused by accidents and injuries

Location of injury N (%)
Body 20 (11.4)
Head 10 (5.7)
Eye 2(1.2)
Dentomaxillo facial 3(1.7)
Chest 4 (2.3)
Abdomen, back, pelvis 14 (8.0)
Thighs, legs, feet 43 (24.6)
Shoulder, forearm, arm, hand 79 ()45.1

Table 5 provides valuable insights into the
association between various factors and the risk of
injury among fishermen. In terms of academic
level, participants with high school and above
education exhibited a lower percentage of injuries
with 13 cases (28.3%) compared to those with
below middle school 96 cases (48%) or middle
school 66 cases (37.9%). Furthermore, career
experience played a role, as participants with less
than 10 years of experience had a higher injury

percentage with 67 cases (44.4%) than those with

10 or more years of experience 108 cases (40.1%),

with a statistically significant OR of 1.54.

Additionally,

associations with injuries, with fishermen

working  position = showed
participants having a significantly higher injury
percentage of 148 cases (46.4%) than the mechanic
group with 5 cases (14.7%), accompanied by an
OR of 3.87. Ship capacity and the use of labor
protection were also significantly associated with

injury rates.

Table 5: Multivariate analysis of factors related to injury accidents

Variables Injuries 95% CI p-value
Yes (%) No (%)
Academic level
Below Middle School 96 (48) 104 (52)
High school and above 13(28.3) 33(71.7) 2.47 (1.23-4.95) 0.01
Career age (year)
<10 67 (44.4) 84 (55.6)
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Variables Injuries 95% CI p-value
Yes (%)  No (%)

210 108 (40.1) 161 (59.9) 1,54 (1,05-2,72) 0.027
Working position

Fisherman 148 (46.4) 171 (53.6)

Mechanic Group 5(14.7) 29 (85.3) 3,87 (1,11-13,55) 0.034
Ship capacity

<150 CV 27 (75) 9 (25)

150-400CV 115 (40.9) 166 5,49 (2,39-12,64)  <0.001

>400CV 33 70 8,39 (3,37-20,87)  <0.001
Using labor protection

No 173 228

Yes 3 15 3,68 (1,05-12,93)  0.03
Rank

Fisherman 152 186

Ship owner 23 59 2,02 (1,18-3,39) 0.009

Discussion education.’se  These findings collectively

The present study provides valuable insights into
the factors associated with accidents and injuries
among fishermen working on offshore fishing
vessels in the North of Vietnam. The analysis of
sociodemographic characteristics revealed that
the majority of fishermen had a working age of 10-
19 years, followed by less than 10 years, while
those with a working age of >20 years constituted
a smaller proportion. This finding is consistent
with a study conducted by Amadou Barrow in a
different region, indicating similarities in the age
distribution of fishermen.!* Regional differences in
the age composition of the fishing workforce can
be attributed to various factors, including

economic opportunities, cultural traditions,
regulatory policies, migration patterns, economic
incentives, and technological advancements.
These factors collectively influence the number of
younger and older individuals engaged in fishing
in different regions, highlighting the need for
tailored approaches to address the unique

challenges faced by fishermen in each area.

Regarding education levels, the present study's
findings align with previous research, which
emphasized a prevalent low level of education
among fishermen, with a significant proportion
lower

having only primary or secondary

emphasize the need for targeted interventions and
educational initiatives to improve the socio-
demographic  characteristics of fishermen.
Enhancing access to education and vocational
training programs could potentially contribute to
safer working conditions and reduce the risk of
accidents and injuries. Furthermore, the findings
underscore the importance of considering the
unique characteristics of the local fishing
workforce when designing preventive measures

and safety regulations.

The study also examined the rate of accidents and
injuries among the fishermen during the study
period, revealing a relatively high overall rate of
incidents, with 41.7% of the participants reporting
accidents and injuries. The calculated rate of
accidents per person per year further emphasizes
the significant occupational risks faced by
fishermen in this region. The findings regarding
the timing and location of accidents and injuries
research by the U.S.

Department of Health and Human Services

align with previous

Centers for Disease Control and Prevention,
highlighting a substantial number of incidents
occurring at night and on deck. This emphasizes
the importance of implementing appropriate

lighting and safety measures during nighttime
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operations and emphasizing safety protocols for

deck activities.'”

Moreover, the leading causes of accidents and
injuries identified in this study, such as slip and
fall incidents, broken winch lines, sea snake bites,
and fish fin stabs, are consistent with findings
from previous studies.’®® These findings
underscore the need for targeted interventions
focusing on slip and fall prevention, improving
winch line safety, and enhancing first aid and
emergency response capabilities to address the

specific injury patterns observed.

The analysis of the location of injuries on the body
revealed that the upper extremities were the most
commonly affected area, followed by lower limb
injuries. Systemic damage, such as drowning and
poisoning, accounted for a smaller proportion of
injuries, while head injuries were relatively
infrequent.202! These findings highlight the
importance of promoting safety practices that
specifically address upper extremity and lower
limb protection, such as the use of personal

protective equipment and ergonomic measures.

The logistic regression analysis provided valuable
insights into the factors associated with the risk of
injury among fishermen. It was observed that
fishermen with a working age of less than 10 faced
a significantly higher risk of injury than those with
a working age of 210 years (with a p-value of
0.027 ). This suggests that experience and
familiarity with the occupational hazards
associated with fishing may play a role in
reducing the risk of injuries.’* Additionally, the
group of professional friends, responsible for
direct involvement in fishing activities, exhibited
a higher risk of injury compared to the boat
drivers and engine group. This highlights the
importance of training and safety measures
targeted specifically at the tasks performed by the

group of professional friends.

Furthermore, the analysis revealed that fishermen
working on ships with a capacity of <150CV were
at a significantly higher risk of injuries compared
to those operating ships with higher capacities
(with p-value < 0.001). This suggests that vessel

characteristics and functionality may contribute to
the occurrence of accidents and injuries, with
small vessels potentially being more susceptible to
adverse sea conditions and other hazards.?2 The
study also found that fishermen who did not use
labor protection measures or used them
infrequently had a higher risk of accidents or
injuries. This underscores the significance of
promoting and enforcing the use of appropriate
safety equipment and practices to reduce the risk

of harm.

This study sheds light on the sociodemographic
characteristics, rates, causes, and nature of
accidents and injuries among fishermen working
on offshore fishing vessels in the North of Vietnam.
The findings are consistent with global trends.
Commercial fishery is a hazardous occupation,
with hundreds of fishers injured and more than 80
fishers dying daily while involved in fishing
operations.? In developing countries, between 20%
and 50% of the workforce is exposed to health
risks. The fishing industry is reported to be one of
the most dangerous occupations with about 120
million accidents and 200,000 fatalities annually at
the global level. These data underscore the
significant occupational risks faced by fishermen
worldwide and highlight the need for targeted
interventions and safety measures to reduce

accidents and injuries in this sector.

One limitation of this study is that it focused solely
on offshore fishing vessels in the North of Vietnam,
which may limit the generalizability of the
findings to other regions or types of fishing
operations. Additionally, the study relied on self-
reported data, which could introduce reporting

bias and under-reporting of incidents.

Conclusions

The findings highlight the need for targeted
interventions and comprehensive safety measures
to mitigate the risks faced by fishermen. These
results underscore the need for tailored
interventions and safety measures that account for
the unique characteristics of the local fishing
workforce. With a high incidence of accidents and

injuries, particularly in the context of occupational
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risks faced by fishermen globally, there is an
urgent call for comprehensive safety initiatives
and targeted interventions. By addressing the
specific challenges related to age, education,
timing, location, and causes of incidents,
policymakers and industry stakeholders can work
together to enhance the safety and well-being of
fishermen in Vietnam and set an example for safer

practices in the fishing industry worldwide.
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ABSTRACT

Introduction: Work-related musculoskeletal disorders (WMSDs) are a serious
problem that can affect the health and productivity of laundry workers. Workers
who experience such disorders may experience pain, muscle stiffness, joint
inflammation, and even serious injury. This study aimed to investigate the
prevalence of work-related musculoskeletal disorders among laundry workers in
North Sulawesi.

Methods: This study is a quantitative descriptive cross-sectional survey conducted
in March 2023 - April 2023 in Minahasa District North Sulawesi Province,
specifically Tondano-Tomohon City. A total sample of 225 laundry workers was
taken using the convenient sampling technique. The questionnaire used to assess
WMSDs was the Nordic Body Map. The chi-square test was applied to find the
association between age and musculoskeletal disorders among laundry workers.

Results: 5.38% of participants categorized pain felt in all parts of the body as very
painful, 17.81% as painful, 36.39% as rather painful, and 39.67% as not painful. The
body part that experienced the most complaints of severe pain was back at 10.2%,
feeling pain was the waist at 37.3%, feeling rather pain was the right arm at 47.1%,
and no pain was the left elbow at 71.6%.

Conclusion: The prevalence of work-related musculoskeletal disorders among the
study population was significantly associated with age, sex, nutritional status, and
work experience with musculoskeletal complaints (p<0.05). While there is no
relationship between work duration and education level with musculoskeletal
complaints (p>0.05). Appropriate interventions may be needed to improve working
conditions, protect workers' health, and minimize the risk of work-related
musculoskeletal disorders in the laundry industry.

Keywords: Laundry Workers, Nordic Body Map, North Sulawesi, Risk Factors,
Work Related Musculoskeletal Disorders (WMSDs)

Introduction

Musculoskeletal Disorders (MSDs) related to are associated with abnormalities in the
work also referred to as Work-Related musculoskeletal system, which includes muscles,
Musculoskeletal Disorders (WMSDs) have tendons, ligaments, and bones. In recent years,

become a serious problem in various work

environments around the world. These diseases
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attention to WMSDs has increased rapidly due to

their detrimental impact on worker well-being
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and work productivity. Some of the common
symptoms of WMSDs are pain, stiffness,
numbness, tingling, and reduced range of motion
in the affected body parts. The most frequently
reported locations of WMSDs are the lower back,
neck, wrist, ankle, shoulder, and knee. According
to a study conducted on 408 domestic workers in
India, WMSDs were reported as knee pain (38.2%),
upper back pain (31.9%), lower back pain (27.5%),
ankle pain (26.0%), shoulder pain (23.8%) and
neck pain (19.6%).! In Indonesia, a study by
Yosineba et al. in 2020 found that the prevalence
of WMSDs among orthopedic surgeons was 50%
for the lower back, 46.5% for neck, 28.6% for wrist
and ankle, 21.4% for shoulder, 10.7% for knee,
thigh, and buttocks, 7.1% for upper back, and 0%
for elbow.2 WMSDs can affect the quality of life
and work performance of the workers, as well as
increase the health care costs and compensation
claims for the employers. Therefore, prevention
and management of WMSDs are essential for both

workers and employers.

According to the World Health Organisation
(WHO), musculoskeletal disorders (MSDs) are
disorders of the muscles, tendons, ligaments, and
nerves that can be caused by work, lifestyle, or a
combination of both. Work-related MSDs are
disorders caused by factors in the workplace, such
as repetitive movements, unergonomic postures,
heavy loads, and vibrations, hot or cold working
environments, and work stress.3* Based on WHO
data in 2019, MSDs are the second leading cause
of disability in the world, after heart disease.
WMSDs are estimated to cause 3.5% of all years of
life lost due to disability (YLDs). According to
WHO, there were an estimated 264 million cases
of work-related MSDs in the world in 2019.5 The
most common types of work-related MSDs are
low back pain, neck pain, shoulder pain, wrist and
hand pain, and foot pain. One group of workers
who are vulnerable to WMSDs are workers in the

laundry section.®”

Laundry workers, both in commercial laundries
and hospitals, are often involved in tasks that
involve heavy lifting, repetitive movements, and

prolonged standing. However, research on the

frequency and risk factors of WMSDs among
laundry workers is limited. Laundry workers are
workers who have a high risk of developing
musculoskeletal disorders (MSDs) because the
tasks they perform routinely involve physical
activities that can cause excessive stress on their
musculoskeletal system. Some of the job tasks that
pose a high risk of MSDs in laundry workers
include: Heavy lifting, one of the main tasks of
laundry workers is lifting and moving linen that is
often wet and heavy, such as sheets and large
towels. Heavy lifting without the use of
appropriate assistive equipment can cause stress
to the lower back, shoulders, and arms, increasing
the risk of musculoskeletal injuries and
complaints.? Repetitive Motion, laundry workers
often have to perform repetitive motions such as
folding clothes, rolling linen, or sewing. These
repetitive motions can cause excessive stress on
joints, tendons, and muscles, which can eventually
lead to disorders such as tendinitis or carpal
syndrome.® Unergonomic body positions, some
laundry work tasks require workers to stand for
long periods or operate in unergonomic body
positions. This can result in strain on the back, legs,
and neck, which in turn can cause complaints such
as back pain, leg pain, and neck discomfort.’? Use
of heavy equipment, laundry workers often use
heavy equipment such as commercial washing
machines, dryers, and irons. Operating this
equipment repetitively or for long periods can
affect their joints and muscles. Sorting and Sifting,
linen sorting and sorting tasks often require
careful and precise hand movements."! Laundry
workers have to carefully select, roll, and organize
linen, which can result in stress on their wrists and
fingers. Work environment discomfort, some
laundry workers may have to operate in
uncomfortable work environments, such as
cramped spaces or with extreme temperatures.
This discomfort can affect their physical well-

being.

Previously, many studies have been conducted in
various work sectors to understand and identify
the risk factors associated with WMSDs. These
studies cover the manufacturing industry,
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healthcare, and transport sectors, and the results
have revealed that the risk of WMSDs can be
found in various work environments. Research
conducted by Purwati et al.'t showed that there is
a significant relationship between work posture
and musculoskeletal disorders (MSDs) complaints
among laundry workers in Batam City, Indonesia.
The majority of respondents were under 35 years
old. WMSDs are a common occupational risk for
laundry workers, and factors such as excessive
muscle stretching, repetitive activities, and
unnatural work postures contribute to the
development of these disorders. Research
conducted by Gumilang, et al.’? stated that the
majority of laundry workers in Denpasar, Bali
have a moderate level of risk of developing
Musculoskeletal Disorders (MSDs) during the
ironing process. Factors contributing to the
moderate risk level include female sex, age greater
than or equal to 30 years, duration of work per day
greater than 8 hours, tenure greater than or equal

to 4 years, and adequate nutritional status. 12

However, although many previous studies have
provided important insights into WMSDs in
various occupational sectors, research on these
conditions among laundry workers is still very
limited and has not been widely discussed.’>5
This can increase the risk of developing WMSDs,
especially on body parts such as the lower back,
shoulders, and wrists. This study aims to fill this
knowledge gap by investigating the extent of
WMSDs among laundry workers in North
Sulawesi Province. Specifically, this study focuses
on laundry workers from two cities in North
Sulawesi, namely Tondano and Tomohon. These
two cities were chosen because they have a large
number of laundry businesses and workers, as

well as a high demand for laundry services.

Methods

This study is cross-sectional, carried out in some
of the largest laundry places in Tomohon and
Tondano City, North Sulawesi, from March to
April 2023. The subjects of this study were laundry
workers who met the following inclusion criteria:
They worked in the Tomohon and Tondano areas

of North Sulawesi Province. They were between

20 and 60 years old. They had at least one year of
work experience. They agreed to participate in the
study and signed the informed consent form. The
following exclusion criteria: They had muscle
injuries, ligament tears, or joint problems.

The sampling technique used is convenience
sampling. The calculation of the sample size using
the incidental sampling technique is a technique
based on chance, that is, anyone who happens to
meet the researcher can be used as a sample if it is
deemed that the person is suitable as a data source.
This technique is usually used if the population is
unknown or difficult to reach. The formula that

can be used is as follows:

Z?Xp Xq
n=—p—
3 1.645% x 0.5 X 0.5
n= 0.12
n =225

Notes:

Z =1.645 (z-score value for 90% confidence level)
p = 0.5 (expected population proportion)

q=05(1-p)
d =0.1 (margin of error)

Therefore, the minimum sample size was 225
respondents who met the inclusion criteria and

were willing to participate.

The sample was recruited based on the availability
and accessibility of laundry workers in the two
cities, inviting laundry workers to participate in
the study, with inclusion and exclusion criteria to
determine who can become respondents: laundry
workers aged 20-60 years, have at least 1 year of
work experience, and are willing to fill out the
questionnaire. Sample data collected in Tondano
City can be recorded and meet the criteria of as
many as 91 workers, while in Tomohon City as
many as 134 workers, so the total data and sample

is 225 workers.

This research data is in the form of primary data
Nordic Body Map
complaints  of

addition,

collected using the
questionnaire to measure
musculoskeletal  disorders.’® In

demographic data taken were age, sex, nutritional
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status, education level, marital status, work
experience, and work duration.

Statistical data analysis using SPSS v.25 for macOS
software and presented in the form of narratives,
graphs and tables to describe the characteristics of
subjects, the distribution of WMSDs risk levels, as
well as the distribution of WMSDs risk levels on
each variable.

This research has been approved by the Bali
Ethics

number

International =~ University =~ Research

Commission with permit

01.036/UNBI/EC/IV/2022, dated 09 January 2023.

Results

The results of data collection in this study have
been organized into two groups, namely
demographic data and skeletal muscle complaints
data. The participants in this study consisted of
225 laundry workers. Data on the distribution of
subject characteristics are presented in Table 1

below.

Table 1: Distribution of Respondent Characteristics

Socio-Demographic Variable Subcategory lil\] :r_?:;li (ZI;)S

Age (year) 19-27 87 (38.7%)
28-36 67 (29.8%)
37-45 40 (17.8%)
46-54 19 (8.4%)
>54 12 (5.3%)

Sex Female 155 (69.9%)
Male 70 (31.1%)

BMI (Kg/m?) Very Underweight: <17 7 (3.1%)
Underweight: 17 - <18.5 13 (5.8%)
Normal 18.5 - 25.0 170 (75.6%)
Overweight >25 - 27 35 (15.6%)
Obese >27 0 (0%)
Education Level Primary School 7 (3.1%)
Junior High School 11 (4.9%)
High School / Vocational School 182 (80.9%)
Bachelor 25 (11.1%)
Marital Status Single 104 (46.2%)
Married 121 (53.8%)
Work Experience New 178 (79.1%)
Old 47 (20.9%)
Work Duration < 8hr 200 (88.9%)
> 8hr 25 (11.1%)

The majority of respondents are relatively young
individuals, with 38.7% of them being in the age
group of 19 to 27 years old and 29.8% being
between 28 to 36 years old. In this study, the total
number of respondents was 225 respondents, with
155 female respondents and 70 male respondents.
Whereas, sex also played an important role in this
sample, with females dominating the respondent
population at 69.9%. Regarding physical health,
the majority of respondents had a Body Mass

Index (BMI) within the normal range of 170
(75.6%), indicating a good level of health in this
sample. In terms of education, most of the
respondents (80.9%) had a high school or
vocational school level of education at 182 (80.9%),
which may have resulted in a better
understanding of the issues under study.
Meanwhile, in terms of marital status, there was a
fairly balanced difference between married at 121

(53.8%) and single at 104 (46.2%) respondents.
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In addition, most of the respondents had recent
work experience of less than 2 years (79.1%), and
most of them worked less than 8 hours a day
(88.9%).

The results of data collection on musculoskeletal

complaints in 225 laundry workers using the
Nordic Body Map questionnaire with 4 Likert
Scales, namely Score 1 (No Pain), Score 2 (Rather
Pain), Score 3 (Pain), Score 4 (Very Pain). Data
collection was carried out on 28 body areas and

more details are presented in table 2.

Table 2: Prevalence of Work-related Musculoskeletal Disorders of Laundry Workers

with Nordic Questionnaire

Complaints
Body Areas - - - -
No Pain (%) Rather Pain (%) Pain (%) Very Pain (%)

Upper Neck 21.8 59.1 14.2 4.9
Lower Neck 38.2 41.3 16.0 44
Left Shoulder 36.0 40.9 16.0 7.1
Right Shoulder 21.3 449 24.0 9.2
Left Upper Arm 40 37.3 17.8 49
Back 19.6 40.9 29.3 10.2
Right Upper Arm 20 20.4 32.0 7.6
Waist 19.6 35.1 37.3 7.6
Hip 37.3 39.1 18.7 49
Buttocks 58.7 27.6 9.8 4.0
Left Elbow 71.6 22.2 2.7 3.6
Right Elbow 54.7 27.1 13.3 49
Left Forearm 48 36.4 11.6 4.0
Right Forearm 29.3 47.1 14.2 9.3
Left Wrist 46.2 35.1 15.6 3.1
Right Wrist 25.8 42.7 26.2 53
Left Hand 40.9 39.1 15.1 49
Right Hand 249 41.8 23.6 9.8
Left Thigh 54.2 31.6 129 1.3
Right Thigh 47.6 41.3 8.0 3.1
Left Knee 58.2 29.3 7.6 4.9
Right Knee 51.6 36.9 7.1 44
Left Leg 37.8 36.4 18.7 7.1
Right Leg 26.2 40.9 249 8.0
Left Ankle 49.3 31.1 16.9 2.7
Right Ankle 42.2 39.1 15.1 3.6
Left Foot 47.6 244 25.3 2.7
Right Foot 42.2 29.8 249 3.1

Based on the data results in Table 2. shows the
prevalence of work-related musculoskeletal
disorders in laundry workers. The prevalence of
WMSDs complaints in 28 body areas is based on
the level of complaints felt, where Most of the
complaints (71.6%) were about the left elbow,
which did not cause any pain. The right forearm

was the second most common complaint (47.1%),

which caused some pain. The waist was the third
most common complaint (37.3%), which also
caused pain. The back was the least common
complaint (10.2%), but it caused the most pain.

The results of the chi-square test between the
characteristics of respondents and complaints of
musculoskeletal disorders in laundry workers can

be seen in Table 3 below.
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Table 3: Chi-Square Test Results Characteristics of Respondents of WMSDs

No WMSDs WMSDs p-value
Characteristics
n (%) n(%)

Age
19-27 58 (66.7%) 29 (33.3%
28-36 40 (59.7%) 27 (40.3%)
37-45 18 (45%) 22 (55%) 0.018*
46-54 6 (31.6%) 13 (68.4%)
>54 5 (41.7%) 7 (58.3%)

Gender
Female 52 (74.3%) 18 (25.7%) 0.001*
Male 75 (48.4%) 80 (51.6%)

Body Mass Index (Kg/m?)
Very Underweight <17 7 (100%) 0 (0%)
Underweight: 17 -<18.5 10 (76.9%) 3 (23.1%)
Normal 18.5 - 25.0 90 (52.9%) 80 (47.1%) 0.037*
Overweight >25 - 27 20 (57.1%) 15 (42.9%)
Obese >27 0 (0%) 0 (0%)

Education Level
Primary School 5 (71.4% 2 (28.6%)
Junior High School 2 (18.2%) 9 (81.8%)
High School/Vocational o o 0.059
Scligool 105 (57.7%) 77 (42.3%)
Bachelor 15 (60%) 10 (40%)

Marital Status
Single 73 (70.2%) 31 (29.8%) 0.001*
Married 54 (44.6%) 67 (55.4%)

Work Experience
Not at risk 111 (62.3%) 67 (37.7%) 0.001*
At risk 16 (34.1%) 31 (65.9%)

Work Duration
<8hr 117 (58.5%) 83 (41.5%) 0.090
>8 hr 10 (40%) 15 (60%)

Several characteristics have a significant between those who experienced and those who

relationship with WMSDs, namely age, sex, BMI,

marital status, and work experience.

The 19-27 years age group had the largest
proportion of those without WMSDs (66.7%),
while the 46-54 years age group had the smallest
proportion (31.6%). Females had a significantly
greater proportion of no WMSDs (74.3%)
compared to males (48.4%). Respondents who had
a very lean BMI (<17 kg/m?) all did not experience
WMSDs (100%), while respondents who had a
normal BMI (18.5-25 kg/m?) were almost equal

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 237-246

did not experience WMSDs (52.9% and 47.1%).
Single living had a greater proportion who did not
experience WMSDs (70.2%) compared to those
who were married (44.6%). Respondents who
were not at risk of MSDs had a greater proportion
who did not experience WMSDs (62.3%)
compared to those at risk (34.1%).

Discussion
In this study, it is known that the age category is
dominated by young age >19 years as many as 87

respondents. Based on age characteristics, it
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shows that age has a significant relationship with
the incidence of musculoskeletal complaints in
laundry workers with a significance value of 0.018.
According to Thetkathuek et al. (2016) in the age
range of 35-55 years, the problem of pain caused
by musculoskeletal disorders increases to 70%.
Meanwhile, according to research conducted by
Shobur, et al, one of the things that affects muscle
work is age, because the increasing age of a person
in this condition reduces muscle strength, this
shows that there is a relationship between age and
musculoskeletal complaints with workers aged =
30 years because they are at risk of 4.4 times
experiencing high levels of musculoskeletal

complaints compared to workers aged <30 years.!”

According to sex in this study, was dominated by
respondents with female sex as many as 155
respondents than male respondents. Based on the
results of the chi-square test, there is a significant
relationship between sex and complaints of
musculoskeletal disorders with a significance
value of 0.001. Sex is a factor related to muscle
endurance between women and men. Related to
related to

that, sex is complaints  of

musculoskeletal disorders this is because
physiologically the ability of male muscles is
stronger than the ability of female muscles.
Women's muscle ability is only about two-thirds
of men's muscle strength, so women's muscle
capacity is lesser when compared to men's muscle

capacity.®

Based on the nutritional status in this study, the
majority were in the normal category as many as
170 respondents. Based on the results of the chi-
square test, there is a significant relationship
between nutritional status and complaints of
musculoskeletal disorders with a significance
value of 0.037. This is in accordance with another
study conducted by Zhang et al.’? who found that
nutrition-related disorders, such as metabolic
syndrome, diabetes, hypertension,
hypertriglyceridemia, and obesity, may increase
the risk of or exacerbate musculoskeletal disorders,
such as osteoarthritis, tendinopathy,
intervertebral disc degeneration, and sarcopenial.

Our research is also in line with research by Calvo-

Lobo, César, et al.? which provides information
on how nutrients, especially vitamin D, calcium,
magnesium, and protein, can help prevent
musculoskeletal disorders by increasing bone
strength and reducing inflammation. Excess body
mass index tends to lead to increased mechanical
stress on the body structures responsible for
supporting body mass. When viewed from
biomedical dynamics, the greatest pressure will be
received by the body parts and joints that support
the human body, especially the lower extremities
and back.”!

The period of employment is the time when
individuals work, which is calculated from the
start of employment until the time of the study.
The longer the working time, the longer the
worker is exposed to the workplace's increased
musculoskeletal complaints.?2 Physical work that
is carried out continuously and repeatedly over a
long period will affect the mechanisms in the body
(circulatory, digestive, muscular, nervous, and

respiratory systems).?

The results of the chi-square statistical test show a
relationship between work experience or tenure
and musculoskeletal complaints. This is because
the longer the working period, the longer the
exposure in the workplace which results in a
higher risk of musculoskeletal complaints.?
Periods of working can affect workers both
positively and negatively. The positive influence
is seen in the increase in experience and expertise
in accordance with the length of work. Conversely,
a long working period will also have a negative

effect because it causes fatigue and boredom.

Based on the results of the study, it is known that
laundry workers have a long working period of
more than 2 years and a new working period of
less than 2 years. The data shows that 65.9% of
laundry workers with a working period of >2
years are at risk of musculoskeletal complaints.
The longer laundry workers work with non-
ergonomic work attitudes, the higher the risk of
musculoskeletal complaints. This is because
musculoskeletal complaints will increase as work
experience increases.!! Previous research also

found that the majority of respondents with a
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working period of >2 years had a risk of
experiencing musculoskeletal complaints. A long
working period will provide accumulated work
pressures so that over a long time it will result in

clinical or chronic fatigue.?

Work duration is the amount of time spent by
workers to perform work activities in one day or
Work

musculoskeletal complaints, which are pain or

one  week. duration can affect
discomfort in the human skeletal and muscular

systems.?

The results of the chi-square statistical test showed
no relationship between work duration and
musculoskeletal complaints. This is because the
workers are still within the normal working
duration range of around 88.8% working <8 hours.
Prolonged work duration can cause static loads on
muscles and joints, which can lead to fatigue,
strain, and inflammation. Long work duration can
also reduce rest and muscle recovery time, which
can worsen musculoskeletal conditions. Work
duration that is too long can increase the risk of
musculoskeletal disorders, especially in body
parts that are often used in work, such as the neck,
shoulders, back, hands, and feet. The results of
research conducted by Zulhijjah found that there
was no significant relationship between work
duration (p = 0.250) and musculoskeletal
complaints. Work duration is not associated with
musculoskeletal ~complaints because work
duration does not affect the physical burden
experienced by workers. The physical burden
experienced by workers is more influenced by
other factors such as length of service, workload,
and work posture.?¢ The duration of working time
can lead to a decrease in muscle and joint function.

High workloads can cause muscle and joint
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Introduction

ABSTRACT

Introduction: Hazards associated with vehicle number plate manufacturing
processes in developing countries have not been well elucidated. There is a need to
investigate hazards in the vehicle number plate manufacturing plant. The study
aimed to identify self-reported hazards in the vehicle plate manufacturing factory,
explore their effect on workers” health and recommend mitigation strategies.

Methods: A descriptive cross-sectional study of workers in the vehicle plate
manufacturing plant was done to identify hazards, protective measures and self-
reported effects on workers” health. Biochemical analysis of blood samples was also
done and outliers were noted. ANOVA test was performed to determine differences
in mean values of selected biochemical parameters. A p-value of less than 0.05 was
considered statistically significant.

Results: Exposure to toxic chemicals 38 (69%), excessive noise 36 (65%) and heat 28
(51%) were the major hazards in the factory. Major health problems were stress and
fatigue 41 (71%), skin disorders 28 (51%), respiratory problems 18 (33%) and
hearing loss 16 (29%). More than one quarter, 17 (30 %) of the workers admitted not
using personal protective equipment (PPE) regularly. Periodic medical tests were
not done for 13 (24%) of the workers. Potassium (3%), Urea (10%), Creatinine (7%),
Aspartate transaminase (18%) and Alanine transaminase (8%) were elevated among
the workers but no significant association could be established between elevated
levels and work post.

Conclusion: Workers in the plate number manufacturing plant were mostly
exposed to toxic chemicals and noise. Elevated electrolyte levels cut across
departments. There is a need for better enforcement of safety rules, and periodic
medical examinations should be conducted more consistently.

Keywords: Biochemical parameters, Hazards, PPE, Safety and health, Toxic
Chemicals

One of the functions of the Federal Road Safety
Corps (FRSC) of Nigeria is the production of
vehicle plate numbers.! The FRSC factories located
in different parts of the country manufacture
uniform plate numbers for different categories of

vehicles.2

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 247-258

Potential health hazards associated with number
plate manufacture could be biological, chemical,
physical, biochemical, or psychosocial. The
hazards affecting workers in the vehicle plate
manufacturing factory arise from the raw

materials used in the production process. The raw
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materials include aluminum sheets, reflective
sheeting, 3M roll coat color 4856 opaque blue and
thinner 4954. The

straightening the roll of raw stock aluminum

process begins = with
sheets to remove dents. Then the aluminum rolls
are cut into individual rectangular-shaped license
plates with the aid of a blanking press. Original
images such as state and country names, national
flags etc. are then printed on the plate. Embossing
involves using steel dies to create raised characters
such as alphabets and numbers for each flat plate
with the aid of a hydraulic embossing press. A roll
coating machine is then used to apply solvent-
based ink to the raised portions of the embossed
plate. 3M™ roll coat inks are used with 3M™
reflective license plate sheeting to produce fully
reflective, long-lasting vehicle registration plates.
Roll coat inks may be thinned with 3M 4954
thinner for ease of coating. Oven drying is the last

step in the process.

Workers are exposed to organic solvents that may
cause a variety of symptoms. The symptoms range
from transient (euphoria, headache, and dizziness)
to serious symptoms (fainting, respiratory and
circulatory failure). Toluene and acetone are the
most abundant compounds in commercial
thinners used in plate manufacturing plants.
Cumene 1,24 Trimethylbenzene, toluene, and
xylenes (BTXs) are known carcinogens and long-
term exposure may cause damage to the Central
Nervous System (CNS), such as cognitive and
emotional deficits. Other less serious but equally
important hazards are cuts and bruises from
handling the aluminum sheets, noise and
vibration from heavy machinery, collisions or falls
while driving forklifts used to carry heavy
materials, heat from ovens used to dry the plates
after coating and ergonomic hazards including
musculoskeletal strains from repetitive awkward
movements involved in the production process.>+
Published statistics of hazards associated with
industrial processes are sobering. Every year
about 2.3 million people globally die from
unintentional injuries at work and work-related
diseases. Non-fatal workplace accidents affect

some 268 million people annually.>¢ The annual

cost of job accidents to the global economy is a
staggering 1.25 trillion dollars and indirect costs
can be four to ten times greater than the direct
costs.” The daily toll of occupational accidents,

injury, or ill health is approximately 860,000.8

Some of the industries with the highest risk of
accidents worldwide are mining, agriculture,
including forestry and logging, and construction.®
Although workplace accidents are a global
phenomenon, fatal injury rates are 3-4 times
higher in developing countries than the
developed.® Africa is especially beleaguered with
unsafe working conditions in industries.® Despite
recent improvements in occupational safety and
the enactment of worker-friendly labor laws,
employers generally assume little responsibility
for the protection of workers' health and safety.1
As a key member of the International Labor
Organization (ILO), Nigeria is expected to
implement the provisions of the body regarding
the safety and health of workers.” However, it is
not clear to what extent this is being done, largely
because of inadequate accident data, poor disease
recognition, and sub-optimal or non-existent

record-keeping and reporting mechanisms.10-11

This study was carried out to identify the specific
hazards and risks peculiar to workers in the
number plate production factory and to
recommend measures that can minimize or
eliminate such hazards to reduce the negative

impact on the health of the workers.

Methods

The study was conducted in the Federal Road
Safety Corps Vehicle Plate Manufacturing Plant,
Ojodu — Berger in lkeja Local Government Area
(LGA) of Lagos State, Nigeria. The plant was
established in 1993 and currently has a total of 103
workers. The factory produces plate numbers for
all categories of vehicles and all states in the

federation.

There is a staff clinic located within the FRSC
premises where staff can assess healthcare in the
event of an accident. In addition, each staff is
enrolled under the National Health Insurance

Scheme (NHIS) and is entitled to receive medical
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care for themselves and their families from any

hospital of their choice.

The study was done in two phases. One phase was
a descriptive cross-sectional study extracting
information about the work processes, hazards,
protective measures and self-reported effects on
the health of workers at the vehicle plates

manufacturing factory.

For this aspect of the study, a pre-tested structured
self-administered questionnaire designed by the
authors based on a literature search was used to
collect data from the study participants. Pre-
testing was done among 15 workers in the Abuja
plate manufacturing plant. The questionnaire had
two sections. Section A collected demographic
data while Section B addressed issues of hazard
exposure, self-reported incidence of accidents,
availability and wuse of Personal Protective
Equipment (PPE) and other preventive measures
at the disposal of the factory workers. There were
no personal details on the questionnaire to ensure
confidentiality. Participation was voluntary. The
aim of the study was explained to each participant
and all who agreed to participate by signing a
written informed consent form were enrolled for
the study. The take-home, self-administered
questionnaires were returned within a few days at
the workers' convenience since filling the
questionnaire during work hours could disrupt
the factory workflow. Completed and usable

questionnaires were retrieved for data analysis.

The second phase involved the collection of blood
samples from employees for analysis to determine
plasma levels of electrolytes and biomarkers of
organ damage resulting from exposure to
potentially hazardous chemicals. This phase was
made mandatory for all workers by the
management and therefore all 103 workers

employed in the factory participated.

A volume of 2 ml of venous blood was collected
aseptically from each participant after an
overnight fast (12-16 hours). The sample was
dispensed into a red-top Vacutainer and allowed
to clot. The sample was then centrifuged at 3000

rpm for 10 minutes using a table centrifuge to

separate the serum from the whole blood. The
serum was pipetted into sterile containers using a
micropipette and stored at 20°C until biochemical
analysis could be performed. Serum levels of
sodium, potassium, chlorine, uric acid, blood urea,
creatinine, aspartate transaminase (AST), alanine
transaminase (ALT) and inorganic phosphorus
were determined using the Semi-automatic
Chem 5v3 (Erba

Diagnostic Incorporated Mannheim, Germany).'?

Biochemistry  Analyzer

The values obtained were compared to standard

values and deviations from normal were noted.

The data collected was entered into Microsoft
Excel and was double-checked for accuracy.
Categorical data was presented as frequency and
percentages while continuous data from the
biochemical assays were expressed as means and
standard deviation. The departments were
divided into three groups and a one-way Analysis
of Variance (ANOVA) was used to compare mean
biochemical values. A p-value of less than 0.05
was considered statistically significant. Outliers
were also calculated from the reference ranges

given to determine their deviation from normal.

Ethical approval for the study was granted by the
Health Research Committee of the Lagos State
University Teaching Hospital with ethical
approval no. NHRECO4/04/2008. All participants
were informed of the objectives and nature of the
tests and written informed consent forms were
obtained. The participants were also informed that

they were free to withdraw at any time.

Results

A total of 103 workers comprising 88 males
(85.4%) and 15 females (14.6%) were employed in
the factory, but only 80 workers were willing to
participate in the questionnaire-based survey
since this aspect of the study was not mandatory.
Of these, fifty-five (55) questionnaires consisting
of 47 (85.5%) males and 8 (14.5%) females were
retrieved giving a response rate of 68.8%. The low
response rate was because the questionnaires
were self-administered and workers were allowed
to take them home and return them within a few
days in order not to interfere with production

processes during working hours. Many workers
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did not return the questionnaires because of their
low level of education and the misunderstanding
that their health status was being audited despite

explanations to the contrary.

The majority of the workers were males 47 (85.5%)
and married 48 (87.3%). The predominant age
group was age 31-40 years 21 (38.2%) followed by
41-50 years 18 (32.7%). The highest academic

qualification obtained was Bachelor of Science

(BSc) 13(23.6%), followed by Higher National
Diploma (HND) 11(20%). More than half of the
workers had been employed in FRSC for 11-20
years 30 (54.5%). Nearly half, 24(43.6%) had
worked for between 6-10 years. Core production
departments were Blanking 6 (11%), Screen
Printing 6 (11%), Embossing 6 (11%), Packaging
and Dispatch 7 (13%), and Coating 4 (7%), (Table
1).

Table 1: Socio-demographic characteristics of factory workers, n = 55

Characteristic Frequency (%)
Gender
Male 47 (85.5)
Female 8 (14.5)
Age (years)
21-30 7 (12.7)
31-40 21 (38.2)
41-50 18 (32.7)
51-60 9 (16.4)
Marital Status
Single 6 (10.9)
Married 48 (87.3)
Separated/Divorced 1(1.8)
Level of Education
School Certificate 10 (18.2)
NCE 5(9.1)
OND 7 (12.7)
HND 11 (20)
Bachelor 13 (23.6}
Postgraduate 9 (16.4)
Number of working years in the factory
1-5 years 25 (45.5)
6-10 years 24 (43.6)
10 or more years 6 (10.9)
Departments
Blanking 6 (10.9)
Embossing 6 (10.9)
Screen Printing 6 (10.9)
Coating 4(7.3)
Inspection and packing 4 (7.3)
Dispatch 3 (5.5)
Departments outside production 26 (47.2)

A majority, 52 (93%) of the workers agreed that
they were mostly exposed to occupational
hazards. Of these, 38 (69%) reported being

exposed to chemicals considered toxic, 36 (65%) to
noise and 28 (51%) to excessive heat, 24 (43%) to

poor ventilation, 38 (69%) to toxic chemicals, 16
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(29%) to vibrations from heavy machinery and 16
(29%) believed they were excessively exposed to

particulate matter of metallic nature.

Additionally, a majority of the workers, 53 (96%)
said they were provided with PPE. Specifically, 54
(98%), 22 (39%), 45 (81%) and 42 (77%) were
provided with safety boots, helmets, and hand
gloves respectively. Also, 36 (66%), 29 (53%), and
18 (32%) were provided with work coats
(overalls), ear mulffs, and face shields respectively.
Although nearly three-quarters 39 (70%) use PPE
regularly, 17 (30%) of workers admitted not using
PPE. Pre-employment medical test was done for
three quarters, 41 (75%) of workers while periodic
medical tests were not done for only 13 (24%) of

workers.

Stress and fatigue were the most commonly self-
reported health problems among factory workers
39 (71%), followed by machine injuries 35 (64%),
chemical burns 28 (51%), skin disorders 28 (51%),
(33%),
impairment 16 (29%), slips, trips and falls 13 (

respiratory  problems 18 hearing
24%), impaired vision, musculoskeletal injuries 12
(22%), and risk of fire, explosions. Actions taken

by victims of industrial accidents in the past

Sodium 14% are Outliers

included receiving treatment in the FRSC Clinic
42, (76%), receiving First Aid on the factory floor
36 (65%), and referral to the hospital 18 (33%).
Only 1 (2%) admitted concealing his injuries while
2, 4% did not know what to do.

More than half 32 (58%) of factory workers were
aware of safety measures put in place by the
company. Some of these interventions mentioned
were a provision of one capsule of multivitamins
per day for one month 40 (72%), one tin (157 ml)
of milk daily for one month 33 (60%), a first aid
box 19 (35%), FRSC Clinic/Health and Safety
Officer 12 (22%), and fire extinguishers 9 (16%).

Biochemical analyses of blood samples were
carried out on all 103 workers in the factory. A
majority 88 (85.4%) were males while 15 (14.6%)
were females. The results showed outliers outside
normal reference values. The clinically significant
deviations were sodium (hypernatremia 7%,
hyponatremia 9%); potassium (hyperkalemia 3%,
hypokalemia 24%); uremia 10%, and elevated
creatinine, AST and ALT levels, 7%, 18% and 8%
respectively (Figures 1-6). Other deviations
include chloride 15%, uric acid (32%) and

inorganic phosphorus (12%).

Figure 1: Biochemical analysis of sodium showing 14% outliers from the reference range
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Figure 6: Biochemical analysis of alanine transaminase(ALT) showing 8% outliers

The biochemical values obtained from the
biochemical analysis of workers’ blood samples
stratified by departments are shown below (Table

2).

Except for alanine transaminase, there were no

statistically significant differences in mean

biochemical values for workers in the production

department compared with other units.

Table 2 Biochemical analysis of workers’ blood samples stratified by departments n=103

Departments +

Biochemical Values Mean (SD) * F p-l
Production Logistics Administration vatue
Na+ 139.08(4.25) 139.32(4.55) 140.03(4.3) F(2,100)=15 0.86
K+ 3.41(1.41) 3.61(1.41) 3.63(1.31) F(2,100)=0.03 0.97
Cl 96.13(6.33) 97.16(5.15) 96.71(5.35) F(2,100)=1 0.37
Uric acid 2.82(1.77) 3.09(1.93) 2.91(1.23) F(2.100)=0.17 3.09
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Urea 35.95(7.54) 34.49(6.64)
Creatinine 0.89(2.25) 0.96(3.13)
AST 26.38(12.43) 27.21(15.54)
ALT 22.94(9.69) 31.40(20.73)
Inorganic 0.40(0.43) 0.40(0.43)
Phosphorus

34.03(8.38) F(2.100)=0.49 3.09
0.67(1.13) F(2.99)=0.12 3.09
31.01(12.08) F(2.100)=0.94 3.09
21.21(10.24) F(2.100)=5.04 0.01
0.79(1.96) F(2.100)=0.75 0.48

KEY: * Na+: Sodium; K+: Potassium; Cl-: Chlorine;

AST: Aspartate transaminase; ALT:Alanine Transaminase

+Production — Blanking, Screen printing,Coating, Inspection and Packaging departments

Logistics - Dispatch department and Store

Administration - Accounts, HSE, Legal Human resource and Medical

Discussion

This study was designed to identify the hazards
affecting workers in the vehicle plate
manufacturing factory, particularly from the use
of raw materials such as aluminum sheets,
solvents, thinners and dyes. The common hazards
affecting workers were identified to be high light
intensity, poor ventilation, heavy machinery, and
excessive metal exposure with the highest hazard
exposure reported to be toxic chemicals, noise and

high-intensity heat.

Toxic chemicals and solvents associated with the
processes of screen printing and coating include
dyes, toluene, xylene, ketones, alcohols, esters,
and glycol ethers.’® Dyes may cause skin reactions,
eye, nose and throat irritations, headache and
nausea. They also have the potential to be
carcinogenic and teratogenic.'*'5 Some of these
symptoms were reported in our study population.
Nearly three-quarters of respondents complained
of stress and fatigue, skin disorders and chemical
burns and more than half reported respiratory

symptoms.

Thinners are solvents used to reduce the viscosity
of dyes. They have the potential to cause skin or
eye irritations, respiratory irritation and central
nervous system depression. Solvent exposure is
related to adverse disorders of the skin, lung,

kidney and nervous system.

Previous studies exploring negative health

symptoms associated with factory workers and

painters noted an increased incidence of

neuropsychological symptoms including
impairments of memory, perceptual speed,
manual dexterity, psychomotor coordination,
nonverbal skills and a decrease in olfactory
functions.”” PPE such as face mask, gloves and
coverall should be worn at all times to reduce
exposure. Also, women in the reproductive age
group should not be allowed to work directly with

the dyes and solvents.

Noise-induced hearing loss is one of the
commonest occupational health hazards caused
either by a one-time exposure to very loud sound
or by repeated exposure to various loudness levels
over a long period.’® High noise levels can be a
stressor causing hypertension, fatigue, dizziness
and headaches. Ear muffs and plugs should be
used all the time around noisy machinery. The

amount of exposure time should also be limited.

Excessive heat exposure can be from the weather
or from heat-generating machines and processes
such as in the use of ovens in drying the plates and
blanking machines used in cutting the aluminum
sheets to size. Excessive heat can lead to mental
health problems, and chronic kidney and
cardiovascular disease. It can also lead to
irritability, fatigue, lack of coordination and
helpful

measures would be to install fans, and ensure

concentration.””  Some preventive

there is adequate cross ventilation. Making

available cold drinks and rest areas to enable
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workers to refresh while taking short breaks could

also be helpful.

This study also established that some preventive
measures were already in place in the factory. The
majority of the respondents agreed that they were
provided with PPE such as safety boots, helmets,
hand gloves, coveralls, goggles, ear plugs /muffs
and face shields while nearly three-quarters
agreed they used them. The use of PPE is strongly
recommended and is usually in conjunction with
one or more of the other control measures.??! The
consequences of not following these practice

guidelines could be fatal.

A monthly supply of thirty cans of 157 ml
evaporated milk and 30 multivitamin capsules
was provided for each factory worker. A daily
intake of these might be intended to ameliorate the
potential effect of lead on workers” health.?2 Lead
is a component of most paints and dyes.?® Leaded
compounds most commonly added to solvent-
based paints are pigments.?® Pigments are used to
give the paint its color, make the paint opaque (so
it covers well), and protect the paint and the
underlying surface from degradation caused by
exposure to sunlight. Lead-based pigments are
sometimes used alone or in combination with
other pigments. A study carried out to check the
influence of milk on lead toxicity revealed that
drinking about 2 bottles of milk per day might
have a protective effect against lead-induced
peripheral neurotoxicity.? Also, multivitamins
have been shown to help relieve stress, therefore

their use in this instance seems justified.?*

The results of biochemical analysis on the blood
samples of workers showed deviations above and
below normal values. Decreased levels of Na+, K+
and CI- may produce symptoms such as headache,
confusion, restlessness, weakness, irregularities in
heartbeat and muscle cramps.?>2¢ Some workers in
this study experienced fatigue and
musculoskeletal pains which could be attributable

to derangements in electrolyte levels.

Elevated blood levels of urea, creatinine, ALT and
AST observed for between 7% - 10% of the

workers were not significantly associated with

work post. Workers outside the factory were just
as likely to have elevations in biochemical
parameters as those who worked in the factory.
This might be an indication of the effectiveness of
safety measures among factory workers but this
finding also emphasizes the need for all workers,
whether directly involved in production or not, to
take precautionary measures whenever they are in
the factory environment. Regular visitors would
also need to put on complete PPE whenever they

are in the work environment.

It was also noted that only about 10% of workers
had worked in the factory for 11 and more years.
This might indicate that the majority of workers
are not left in the factory for too long to break the
cycle of exposure to hazards. However, there is a
need for more frequent rotation of workers as
nearly 50% had spent between 1 and 5 years at
their duty post.

The limitations of this study include the fact that
hazards identified in the factory were self-
reported by the workers. Scientific measurement
of hazards using appropriate instruments such as
an industrial thermometer, digital sound level
monitor, and a vibrometer would have produced
a more valid assessment. Also, the low
participation and response of workers to the
survey aspect of the study arising from the fact
that the questionnaire was self-completed instead
of interviewer-administered, as well as fear of job
loss should they disclose any work-related
ailments allows for only a limited generalization
of the findings from this study. In addition, the
small sample size of the study limits the
application of the findings to all factory working

environments.

Conclusions

Hazards present at the FRSC vehicle plate
manufacturing factory include exposure to toxic
chemicals, excessive exposure to heat and noise,
stress, fatigue and machine injuries. Safety
measures available in the plate manufacturing
factory were the adoption of safe procedures and
processes, medical check-ups, presence of a health

and safety officer, provision of PPE as well as
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multivitamins and milk supplements. Even
though PPE was available, utilization was sub-
optimal. Pre-employment, pre-placement and
periodic medical checkups were not fully

implemented.

To improve workplace safety and mitigate

hazards, enforcement of safety measures
including regular use of PPE, more frequent

periodic medical examinations and rotation of
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FIGURE LEGENDS:

Figures 1- 6

Output of biochemical assay from the Semi-
automatic Biochemistry Analyzer Chem 5v3 (Erba
Diagnostic Incorporated Mannheim, Germany).
Two ml (2ml) of venous blood was collected

aseptically, allowed to clot and centrifuged at 3000

rpm for 10 minutes. The resulting serum was
stored in a freezer at 20°C and fed into the analyzer.
Dotted lines bounded by the black dots represent
the upper and lower median serum levels of
respective electrolytes. Peaks outside this range
are regarded as outliers. The percentage is
obtained by counting the number of peaks that fall

outside the reference range.
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Introduction

In Malaysia, facilities

regularly handling

ABSTRACT

Introduction: The Malaysian Control of Industrial Major Accident Hazard
(CIMAH) Regulations introduced in 1996 resulted in the creation ‘Major Hazard
Competent Person’” (MHCP) profession. However, after two decades of its
establishment, there has been limited study conducted on this specific profession.
The objectives of this study are to analyze 1) the trend of application and passing
rates of MHCP registrations; and 2) the trend of Major Hazard Installations (MHI)
registrations, and its relationship with available supply of registered MHCP.

Methods: The study used a document review approach, involving the extraction,
examination, and interpretation of data from both published and unpublished
documents by the Department of Occupational Safety and Health (DOSH), the
regulatory body responsible for overseeing both MHCP and MHI registration status
in Malaysia. The study looks into data from 1996 (beginning of 1996 CIMAH
Regulation) to 2023, though the available data found and analyzed were from 1998
to 2021.

Results: The study reveals a concerning lack of growth in the number of
professionals being certified as MHCP, despite an increase in the number of MHIs
over the past two decades. Potential causes of this shortage identified include a
demanding certification process, limited availability of MHCP competency courses,
and a lack of clear career paths and growth opportunities in the profession.

Conclusion: The inadequate supply of MHCPs could potentially undermine their
ability to provide sufficient coverage for MHIs, indirectly jeopardizing the quality
of risk management in major hazard facilities. Therefore, there is merit in
periodically reviewing the regulations and reforming the MHCP profession in
response to changing trends.

Keywords: CIMAH Regulations, Competency, Major Hazard Competent Person,
Major Hazard Installation, OSH Profession

petrochemical plants, and refineries. In 1996,

substantial quantities of hazardous chemicals are
categorized by the authorities as Major Hazard
Installations (MHIs). These chemicals can cause
fires, explosions, or the release of harmful
substances, posing risks to people, structures, and
the environment. Examples of MHIs include
treatment chemical factories,

water plants,

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 259-267

Malaysia's Parliament enacted the Control of
Industrial Major Accidents Hazard (CIMAH)
Regulations under the Occupational Safety and
Health Act, 1994.1 This decision was influenced by
several major hazard incidents in previous years,
within Malaysia and abroad.>® The Regulations

aim to oversee preventive measures of the

https://www.nepjol.info/index.php/IJOSH



https://www.nepjol.info/index.php/IJOSH
mailto:radinzaid@utem.edu.my
https://orcid.org/0000-0002-7739-9326
https://orcid.org/0000-0002-7739-9326
https://doi.org/10.3126/ijosh.v14i2.52503
https://doi.org/10.3126/ijosh.v14i2.52503
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Rashid et al. Major Hazard Competent Person profession in Malaysia: A document dnalysis on trends and demands

potential major hazard occurrences in MHIs.

Malaysia's CIMAH Regulations were adopted
from the UK's CIMAH Regulations (1984) and the
International Labor Organization (ILO) major
hazard control manual.® One notable distinction is
Malaysia's mandate for a designated professional,
known as the Major Hazard Competent Person
(MHCP), to oversee MHI activities.#” The
certification process for MHCP is managed by the
Department of Occupational Safety and Health
(DOSH), in which candidates must demonstrate
relevant competencies before receiving MHCP
status.® The CIMAH Regulations define the
responsibilities of the MHCP, including tasks like
creating industrial reports, ensuring compliance,
and preparing emergency response plans.'$ MHIs
must consult with an MHCP before conducting
any industrial activities, highlighting the
significant role MHCPs play in ensuring

Regulation compliance.!

Despite the significant roles of MHCP in the
establishment of CIMAH Regulations for the last
two decades, there have been very limited data-
driven publications discussing the profession’s
career pathway and growth prospects. The article
aims to analyze the: 1) trend of registration and
passing rates of MHCP; and 2) trend of MHI
registration, and its ratio with MHCP. This
manuscript provides one of the first documented

review analyses on the MHCP profession.

Methods

In this study, a qualitative method design of a
document review approach was employed to
analyze relevant data trends on MHCP over the
past twenty years (1996-2023). The data sources in
the qualitative analysis consisted of both
hardcopy and online documents. As with other
empirical research methods, this qualitative
approach involved the identification, extraction,
examination, and interpretation of textual data to
gain understanding, elicit meaning, and develop
empirical knowledge.® Similar qualitative method
designs of document analysis approaches have

been used in previous studies.10-12

The majority of the information used in this study

was obtained from documents held by DOSH, the
regulatory body responsible for overseeing
MHCP registration status in Malaysia. The
documents were divided into two categories: (1)
published documents, such as annual reports,
website and online portal information, and
departmental statistical data, which are available
to the public through DOSH publications; and (2)
unpublished documents, such as older annual
reports, internal circulars and internal lists of
registered MHIs, which are only accessible for
internal department reference. Special consent
was obtained from the Head of the CIMAH
Section to use the second category of documents
in the study. As one of the research team members
is an employee of the department, permission to
access, analyze, and publish the data was granted
by DOSH.

The collected data was carefully examined for the
relevance of contents, with a particular focus on
MHCP and MHI information. The relevant data
was extracted and analyzed based on two main
categories: (1) Trends of Major Hazard Competent
Person Registration; and (2) Trends of Major
Hazard Installations Registration, along with the
MHCP: MHI Ratio. Although the search for
relevant publications was conducted on
documents available since 1993, the majority of
the publications analyzed were published after
2000. This can be attributed to the fact that the
CIMAH Regulation was established in 1996, and
relevant data became available only after a few

years of its inception.

In addition, personal communication was also
established with W. Khafizah W. Abdullah, an
officer from DOSH’s assessment and competency
unit of the CIMAH section. The engagement with
the officer was made to clarify extracted data, as
well as get some qualitative insight from an
experienced DOSH with  direct
knowledge of the MHCP certification process.

assessor

Results

Trends of Major Hazard Competent Person
Registration

Overall, the data analyzed from this study
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revealed a concerning lack of significant growth in
the number of professionals being certified as
MHCP in the past two decades. Although the
CIMAH Regulation has been enacted since 1996,
the first available information on the registered
number of MHCP was not found until 1998, when
DOSH reported a total of 8 registered MHCP in its
annual report.!® The following year saw a slight
drop, with only 5 MHCP officially registered with
DOSH in 1999."* The subsequent three years
showed a promising increase in demand for the
profession, with significant registration increases
of 68, 74, and 79 MHCP in 2000, 2001, and 2002,
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respectively.'>17 However, the following 15 years
showed a consistent downward trend in the
annual number of registered MHCP. By 2017, only
18 MHCP were registered, representing a 77%
reduction from the peak of 79 MHCP recorded in
2002.1® There was a slightly promising recovery in
registered from 1998 to 2021. MHCP registration
in the following years, with 28, 34, 38, and 32
registered MHCP found in DOSH's active
database from 2018-2021.1%2 Figure 1 illustrates
the number of OYK Major Hazards from 1998 to
2021.
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Figure 1: Number of MHCP registrations with DOSH from 1998 to 2021.

In terms of data associated with the application
process, overall there is a general downward trend
of successful application of professionals to
become MHCP from 2005 to 2014. The DOSH's
2005 annual report provides the first official
record of the department's efforts to report MHCP
application statistics. In 2005, only one MHCP
candidate did not pass the final interview which
translated to a success rate of 94%.2 The
subsequent years’ success rates were 92% in 2006,
86% in 2007, 88% in 2008, 42% in 2009, 44% in 2010
and 29% in 2011.2* Following a slight increase in
success rates in the subsequent years, with 56% in
2012 and 53% in 2013, success rates significantly
decreased to 13% in 2014.* The following year
marks the last spike, as 69% of the MHCP passes
the interview in 2015. From thereon, there was
another downturn trend, in which the success
rates were 60% in 2016, 36% in 2017, 34% in 2018,

32% in 2019, 21% in 2020 and 10% in 2021. The
findings provide insight into the historical success
MHCP

highlighting a concerning trend of decreasing

rates of applicants in Malaysia,
success rates in recent years. These results have
field of

occupational safety and health and warrant

important implications for the
further investigation into the underlying causes of
this trend. Figure 2 summarizes the overall trend
of MHCP success rates between 2005 to 2021.

Trends of Hazard
Registration, and MHCP: MHI Ratio.
Although the registration data for MHCP showed

a noticeable downward trend, the opposite is true

Major Installations

for the number of registered MHIs, which has
steadily increased since its first inception. The
number of registered MHIs increased almost six-
fold from 1996 to 2021.»2 The scenario creates a
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concern as there is an imbalance supply of MHCP
to provide professional services to growing
numbers of MHIs. In 1998 and 1999, the first few
years of CIMAH Regulations were in effect, there
was a substantial gap between supply and
demand, as one MHCP was required to provide
professional services to an average of 10 and 19
MHISs, respectively.

However, there was a significant increase in the
registered MHCPs

professional services to MHIs between 2000 and

number of providing

2010. This is evidenced by the smaller gap ratio of
only 1:2 between MHCP and MHIs from 2000-
2002, 1:3 from 2003-2006, 1:4 from 2007-2008, 1:5 in

40
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15
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2009, and 1:6 in 2010.2* The ratio continues to grow
further apart, with gap consistently in the double
digits over the next decade, from 2011-2021. The
ratio ranges from 1:11 — 1:14 in those 10 years, with
a peak in 2016 as 1 MHCP is expected to provide
14 MHIs.?> The data

demonstrates the increasing exclusivity and

services to trend

service value of MHCP status, as the number of
registered MHCPs could not keep up with the
increasing number of designated MHIs over the
years. Figure 3 summarizes the dataset showing
the trends of MHCPs to MHIs registration from
1998 to 2021
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Figure 2: Number of new applications of MHCP, Number of passes, and success rates from 2005-2021.
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Discussion

The present analysis reveals an apparent gap in
the overall shortage of MHCP professionals in
Malaysia. This trend is concerning given the
obvious development of a steadily growing
number of MHI facilities over the past two
decades, while the supply of MHCPs to serve
MHIs has not kept pace over the same period.
Inadequate supply of MHCPs could undermine
the ability to provide sufficient coverage of major
hazard risk management services for MHIs. This
issue was verified by an officer from DOSH's
assessment and competency unit of CIMAH
section in a follow-up personal communication, in
which the officer expressed a concern that this
shortfall of MHCPs supply poses significant risks
to the overall quality of risk management within
make Malaysian major hazard facilities. The
potential root causes of this MHCP supply gap
issue may be attributed to 1) a rigorous MHCP
certification process; 2) a limited availability of
MHCP competency preparatory courses offered
by higher learning institutes or professional
training providers; and 3) a lack of a clear career
path and growth opportunities in the Major

Hazard sector.

Professional certification has always been
associated with recognized credentials on core
competencies, evidence of adequate qualification
to perform specific professional practices, and an
indication of good quality standards among
industry practitioners.?® Generally, rigorous
certifications that demand higher standards tend
to hold greater value and grant increased
authority to the certified professional. Multiple
studies have shown that one of the key variables
to successful certification among applicants is
experience and performance in relevant field
projects.26 In the context of this study on MHCP
certification passing rate, one of the MHCP
assessors from DOSH revealed that the two main
factors leading to the high rate of failure among
past MHCP applicants were due to 1) applicants
providing inadequate evidence of relevant
professional experience related to major hazards,

and 2) their poor performances to demonstrate

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 259-267

competency during the formal interview session
with DOSH assessors. A rigorous MHCP
certification process is essential as practitioners’
competency can affect the management of risks
involving life and death in the field of Major
Hazards. Thus,

professional experiences and competency to

inadequate  evidence of
satisfy rigorous certification requirements can

then be attributed to the MHCP shortage.

On a related note, the study also found a lack of a
publicly accessible assessment rubric detailing
specific criteria or requirements during formal
MHCP certification interviews. Whether this
unavailability of a rubric is attributed to the
rigorousness of the MHCP certification process is
not clear. However, it is likely that inaccessibility
to the rubric can contribute to the low success rate
of MHCP certification as it constrains candidates’
ability to adequately prepare for formal DOSH
interview sessions. Exploring new methods or
approaches on how to assist MHCP applicants to
demonstrate professional competency while still
maintaining the rigorousness level of the
certification process may be beneficial to address
the current MHCP shortage situation.

Another identified factor potentially contributing
to the MHCPs shortage is the scarcity of MHCP
competency preparatory courses available to
MHCP applicants. The lack of structured and
formal training may lead to steeper learning
curves and inefficilent learning processes,

ultimately impeding the development of
applicants’ knowledge and skills necessary to
obtain the minimum competency level status.
This is consistent with findings in several studies,
which have shown that the curriculum, quality of
training, and completion of preparatory courses
are among the factors that can affect success rate
in professional exams or certification programs.3-
32 Currently, only a handful of public and private
Malaysian higher learning institutions offer
occupational safety and health-related courses,
none of which specifically focus on MHCP
competency curricula. Although established
training centers, such as the Malaysian National

Institute of Occupational Safety and Health

https://www.nepjol.info/index.php/IJOSH
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(NIOSH), offer other competency programs and
courses recognized by the DOSH, MHCP
competency courses have yet to be offered, as per
information on their own website. As a result,
MHCP candidates have no option other than to
adopt a self-paced learning approach. In a study
among candidates taking various professional
certification programs in Texas, USA, a research
team found that the majority of the applicants
preferred instructor-led training in their
preparation for certification, while the least
preferred method was self-paced learning.?
Exploration of this issue revealed a clear need for
higher learning institutes or professional training
providers to offer structured MHCP competency
preparatory courses to prepare MHCP applicants

in order to address the MHCPs scarcity issue.

Lastly, the emerging trend of shortage of MHCP
professionals may also stem from a lack of clear
professional ~ development  pathways  for
practitioners in major hazard industries. The
profession of MHCP has been established
primarily due to a specific provision in the
CIMAH Regulations, which explicitly defines and
mandates the creation of MCHP profession for
MHIs to legally operate on Malaysian soil. Given
that this profession was created from a legal
requirement, it is highly specialized and may
exhibit limited flexibility concerning its demand
in sectors beyond those associated with major
hazard activities. The professional certification
process requires significant commitment and
investments of time, money and effort, and there
is an understandable expectation that the return
on investment will be in the form of career
advancement. Marketability of the certification
has been found by other researchers to be one of
the most important drivers to attract applicants to
pursue certification status.6%* There has been
some recognition coming from DOSH, in which
MHCPs'

location, experience and competency license

contact information, geographical
validation period was made available to the public
in DOSH’s online portal since 2007. The effort to
recognize MHCPs continued with the formal

inclusion of their digital information in the

Malaysian national identity card in 2008, which
allowed DOSH officers to verify the MHCP status
on site. Nonetheless, to date, no documentation or
publication has been made regarding the
effectiveness of the MHCP information provided
through the online portal and MyKad system to
enhance the marketability and career prospects of
MHCPs.

In addition, there is also a clear absence of a
recognized Malaysian Major Hazard competency
framework available for young practitioners to
guide their career growth and advancement. In
general, a recognized competency framework is
crucial in standardizing expectations and
requirements,

providing a clear career

development roadmap, helping employers
identify and promote competent employees,
designing effective training programs, and
ensuring quality assurance  within the
profession.3% In a descriptive study that spans
over 6 vyears, involving more than 1000
professionals in various fields, the researchers
found that one of the main motivators for
professionals to pursue certification is ‘career
growth’38 The lack of an available framework may
contribute to the uncertainty of career growth
prospects and advancement, especially for
the younger generation of practitioners in the field.
Studies by several researchers showed that a clear
professional competency or framework can
contribute by providing an evident career

development pathway to practitioners.?-4

Future research could investigate common
reasons for high MHCP certification failure rates,
from the perspectives of both DOSH assessors and
MHCP applicants. In addition, future studies
could also include a need and gap analysis of
formal and structured competency preparatory
training or education process, as well as a clearer
career path for professionals in the Major Hazard
sector. Familiarity with a recognized Major
Hazard competency framework, supported by
competency preparatory training or formal
education systems, and accessibility to MHCP
criteria and requirements rubric could potentially

empower aspiring Major Hazard professionals in
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developing the necessary knowledge and skills to

become competent practitioners.

Conclusions

To conclude, while the number of registered MHIs
has steadily increased over the years since the first
inception of CIMAH Regulations in 1996, the
growth of registered MHCPs has been limited,
indicating the stagnant progression of MHCP as a
specialized profession. The success rate of
applicants to become registered MHCPs has also
been declining since 2015, which further
contributed to the low supply of MHCPs. This
resulted in an imbalanced supply and demand
situation as there is an emerging trend of increase
in the gap ratio between registered MHCPs and
MHIs. The insufficient number of MHCPs may
compromise the capacity to offer adequate
coverage for MHIs, thereby affecting the overall
CIMAH

Regulations. This issue must be addressed to

quality of compliance with the

ensure a consistent and adequate supply of

MHCPs providing critical services to MHIs.

CIMAH Regulation 1996 was promulgated more
than two decades ago, and since then, there have
been emerging calls and recommendations by
practitioners and researchers to revisit the

contents and execution process to make sure they
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Introduction

ABSTRACT

Introduction: The COVID-19 pandemic posed unique challenges to healthcare
professionals (HCPs) with increased risk of mental health and well-being globally.
However, the psychological impact of the pandemic on the mental health and well-
being of HCPs in Canada is not fully understood. This paper critically reviews
broadly available literature on the mental health and psychosocial status of HCPs
amid the COVID-19 pandemic in Canada.

Methods: A comprehensive online search was conducted using the guidelines
outlined by the Centre for Reviews and Dissemination for combining the findings
of diverse primary studies within a single review. Online search was conducted
through databases such as AMED (Allied and Complementary Medicine), Embase,
Global Health, Ovid Healthstar, Mental Measurements Yearbook, EBM Reviews -
ACP Journal Club, EBM Reviews - Cochrane Database of Systematic Reviews, Ovid
MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review, and Google
Scholar for the period between March 2020 and May 2023. Twenty-two studies met
the inclusion criteria and were analyzed using a thematic analysis approach to
identify the main themes across studies.

Results: The analysis uncovers three key themes: 1) HCPs face diverse mental
health impacts during the pandemic; 2) HCPs are dissatisfied with organizational
approaches to COVID-19; and 3) HCPs express concerns about personal well-being
and the safety of others during the pandemic.

Conclusion: These findings emphasize the need for HCPs to cope effectively with
stressors for their own, their patients, and their families' well-being. Therefore,
future research should prioritize how HCPs can maintain their emotional, mental,
and psychological well-being.

Keywords: COVID-19, Psychological well-being, Mental health, Healthcare
professionals

In March 2020, the World Health Organization
(WHO) announced the worldwide transmission of
the novel coronavirus (COVID-19) as a global
pandemic.! By June 2021, Canada had reported 1.4
million COVID-19 cases and 26,200 deaths.?2 In
response, the Canadian government allocated
$60.3 billion to support public health responses,
including vaccine development, mitigation efforts,
communities.

and support to Indigenous

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 267-280

Healthcare professionals (HCPs), such as nurses,
dieticians, physicians, and respiratory therapists,
providing care to COVID-19 patients, have faced
considerable strain throughout the pandemic.
They encountered challenges in adapting to new
scientific knowledge and managing the risk of
infection, leading to a significant impact on their
mental, emotional, and psychological well-being.
The WHO defines mental health as “a state of
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well-being in which an individual realizes his or
her abilities, can cope with the normal stresses of
life, can work productively and can make a
contribution to his or her community.”? However,
to assess mental health, the absence of mental
health disorders is commonly employed as a
standard criterion in mainstream healthcare.

This article aims to critically review the existing
literature on the impact of the COVID-19
pandemic on the mental health and well-being of
HCPs in Canada. The overarching question
guiding this paper is: What are the main themes
concerning the mental health impacts on HCPs in
Canada amidst the COVID-19 pandemic? Given the
limited understanding of the mental health
implications encountered by HCPs in Canada
amidst the pandemic, this study fills a significant
gap in the existing scholarship. The findings from
this study will contribute to the development of
health

interventions aimed at addressing the specific

mental promotion  policies and
needs of HCPs during the pandemic, such as

COVID-19.

Methods

A protocol using a standardized approach for
conducting a literature review was devised to
avoid unplanned duplication of literature in the
study. The databases included: AMED (Allied and
Complementary Medicine), Embase, Global
Health, Ovid Healthstar, Mental Measurements
Yearbook, EBM Reviews - ACP Journal Club, EBM
Reviews - Cochrane Database of Systematic
Reviews, Ovid MEDLINE(R) and Epub Ahead of
Print, In-Process, In-Data-Review, and Google
Scholar from March 11, 2020 to May 05, 2023. Our
review has been informed by best practices
outlined by the Centre for Reviews and
Dissemination guidelines for combining the
findings of diverse primary studies within a single
review.* In effect, it has been reported through a
rigorous process of transparency, increasing
replication and reliability of the search strategy.
The search strategy employed the following
keywords: “Healthcare professional” OR “front

line workers” OR “nurses” OR “doctor” OR

“physicians” AND “mental health” OR “mental
well-being” OR “psychology*” AND “COVID-19”
OR “pandemic” OR “coronavirus disease,”
explicitly focusing on studies conducted in
Canada. Following the database's search (see
Figure 1), 2185 studies were identified; however,
after incorporating the Canadian context, only 34
studies were retrieved. Among those 34 articles,
11 were deemed irrelevant, and seven were
duplicates, leaving 16 relevant studies for analysis.
Medline, PubMed, APA PsycINFO, and Google
Scholar were also searched using similar
keywords, and six studies were identified using
the predetermined eligibility criteria. In total, 22
studies met the inclusion criteria. Of the 22 studies,
11 were qualitative, nine quantitative, and two
mixed methods. The inclusion criteria included: (a)
studies about HCPs who were employed in
healthcare settings throughout the COVID-19
pandemic; (b) studies that provided an account of
mental health or mental well-being affected by
COVID-19; (c) studies that involved Canadian
HCPs and (d) studies that were written in English
and were published after March 11, 2020
(following WHO'’s declaration of COVID-19 as a
pandemic). Figure 1 demonstrates the flowchart
used for search strategies.

Two co-authors independently screened the titles
and abstracts of the selected studies. Full texts of
articles that successfully passed the initial
screening were subsequently evaluated. In the
event of any disparities encountered during the
screening process, the reviewers engaged in
thorough discussions to reach a consensus and
resolve the discrepancies. Twenty-two studies met
the inclusion criteria and were analyzed using a
thematic analysis approach.5 In this process, each
co-author independently reviewed the full text
and developed their own themes and sub-themes
across the studies. The co-authors met virtually
(on Zoom) to compare and contrast their themes
and sub-themes. This process involved several
meetings on Zoom to critically engage in
discussion of their findings, leading to the

development of common themes and sub-themes.

268


https://www.zotero.org/google-docs/?lGMerO
https://www.zotero.org/google-docs/?Tzs5NB
https://www.zotero.org/google-docs/?nhIfKO

Karki et al. Mental health and well-being of healthcare professionals amid the COVID-19 pandemic in Canada

Studies identified through
databases search: (n = 2185)

Studies excluded based on
inclusion/exclusion criteria:

v

> (n=2151)

Studies included for title
screening: (n = 34)

Studies excluded with reasons:
* Duplicate studies: (n =7)

A

o Irrelevant studies: (n=11)

screening: (n = 16)

Studies included for abstract

A

text review (n = 16)

Studies included for full-

Grey literature (n = 6)

analysis (n = 22)

Total studies included for

Figure 1. Flowchart

Results and major findings
Our analysis generated three major themes and six
sub-themes, which we present and discuss in

subsequent sections.

1. Assessing mental health impacts among HCPs
According to the WHO, mental health is “a state
of well-being in which an individual realizes his
or her abilities, can cope with the normal stressors
of life, can work productively and can make a
contribution to his or her community.”® The
mental health implications of COVID-19 among
HCPs emerged as one of the main themes across
the studies. Before the onset of the COVID-19
pandemic, HCPs were already recognized to
experience a greater occurrence of mental health
challenges in comparison to individuals who are
not in the healthcare profession. The main theme
incorporated two sub-themes. The first sub-theme
focuses on adverse psychological outcomes, whereas
the second sub-theme highlights job burnout and its
impact on the quality of life for HCPs. Both themes
contribute to the negative mental health effects

and psychological distress experienced by HCPs.

1.1 Negative psychological outcomes:

Most studies included in this review have
examined the implications of the COVID-19
pandemic on the mental health and well-being of
HCPs in Canada. For example, a study found that,
of the 3,676 nurses, 38% of the nurses met the
diagnostic threshold for anxiety, 47% for post-
(PTSD), 60% for

emotional exhaustion, and 41% for depression.®

traumatic stress disorder
Another study conducted on 109 critical care
registered nurses in Western Canada during the
beginning of the COVID-19 pandemic found that
the prevalence of PTSD symptoms among the
respondents was 73.3%, significantly higher than
pre-COVID-19 rates ranging from 8.5% to 20.8%.7
The study also revealed high rates of anxiety,
stress, and depression: 67%, 54% and 57%,
respectively.” Additionally, the effect of the
COVID-19 pandemic on mental health was
among 159 Canadian

which revealed that 54% of

oncologists experienced anxiety, 52% experienced

examined medical

oncologists,

depression, and 57% identified personal wellness

as the greatest challenge during the pandemic.?
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An online survey conducted in Canada involving
5998 HCPs to investigate their mental health
during the COVID-19 pandemic, revealed that
over 55% of participants experienced anxiety,
while 42% experienced depression.® The authors
used the Generalized Anxiety Disorder (GAD-2)
screener to assess anxiety systems and the Patient
Health Questionnaire (PHQ-2) for depression
symptoms. These outcomes were associated with
the perceived inadequacy of personal protective
equipment (PPE) and workplace policies. A study
involving 218 Canadian respiratory therapists
revealed concerning rates of mental health
symptoms, indicating that more than 52% of the
participants scored outside the normal range for
depression, 51% for anxiety, and 54% for stress.©
Additionally, 33% of respiratory therapists
displayed indicators of PTSD, and 18% scored
above cut-offs for depression, anxiety, stress, and
PTSD collectively. A study examining the
prevalence of PTSD and psychological distress
amongst intensive care unit workers found similar
results.’! Their findings indicated that 37% of
respondents reported ‘PTSD symptoms,” and 18%
experienced “psychological distress.” Additionally,
women and nurses were identified as high-risk
groups for adverse mental health outcomes.!!
Furthermore, 10 HCPs in long-term care homes
and hospitals expressed anxiety, stress, anger and
fear during the COVID-19 pandemic.’? One of the
participants in the study mentioned above talked
about how stressed she was while working during
the pandemic and how such stress had affected

her overall well-being;:

“I've come home and cried many times. I'm
stressed out. I can’t sleep at night. There’s a
lot of us having trouble sleeping. I try to talk
about it to my husband and he says, “You
need to decompress, and you need to stop
talking about work.” But I say, “Work is such
a big thing for me right now; I need people to
know” (p. 270).12

Furthermore, a study involving 86 HCPs
(including nurses, pharmacists, and physicians) in
New Brunswick found that about 50% of HCPs

reported experiencing depression, and 10%

indicated having suicidal thoughts.”> New
Brunswick had low COVID-19 case counts at the
time of the study, and the results highlight the
significance of evaluating the mental health of
HCPs, even in regions with low infection rates. At
the same time, the findings also raise concerns
about the mental health status of HCPs in
provinces with higher caseloads, as the distress
observed in a relatively unaffected province is
already significant.’® To discern the difference in
health outcomes before and after the COVID-19
pandemic, a study conducted in collaboration
with the Canadian Federation of Nurses Union
investigated the experiences of occupational stress
among nurses.'* The research aimed to establish a
baseline, enabling a comparison of mental health
outcomes for nurses during the pandemic. This
unique approach of establishing a pre-pandemic
baseline allows for valuable comparison in
understanding the specific impact of the COVID-
19 crisis on the mental health of nurses. Such
comparative data is not commonly found in
published research studies, making this study a

valuable contribution to the field.

1.2 Job burnout and quality of life:

The COVID-19 pandemic has globally exerted
pressure on healthcare facilities, significantly
impacting the HCPs quality of life. 10121516 In 2021,
HCPs’ average overtime hours reached the
highest level in over a decade.'s Approximately
236,000 healthcare employees worked overtime,
with an average of 8.2 hours per week of
compensated overtime and 5.8 hours per week of
unpaid overtime. This practice of continuously
exceeding one’s capacity can contribute to job
burnout. A study conducted in 2022 examined the
resilience and psychosocial functioning of
psychiatric and general hospital HCPs to identify
predictors of stress resilience and quality of life in
demanding work environments.’> The study
found that among 240 participants, 26.4% of
respondents scored in the clinical range for
Coronavirus anxiety score (CAS), indicating
significant levels of anxiety associated with the
pandemic.' The nursing profession was identified

as a protective factor that predicted higher
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resilience scores. Moreover, HCPs in both settings

(i.e,  psychiatric and general hospital)
demonstrated comparable levels of psychological

12,15
symptoms.

Furthermore, a study examining the functional
impairment experienced by 178 respiratory
HCPS

difficulties in carrying out their work due to health

therapists revealed that reported
conditions associated with their roles.l® On
average, participants indicated 4.1 days where
they had to lessen their workload due to health
conditions. These findings suggest an indication
of burnout, where HCPs are unable to effectively
perform their tasks amidst the stressful conditions
of the COVID-19 pandemic. The study applied the
World Health Organization Disability Assessment
Schedule (WHODAS) scores, which assesses
functional impairment. The WHODAS scores
were positively correlated with scores for
depression (52%), anxiety (51%), and PTSD
(33%).10 As such, increased levels of adverse
psychological symptoms were linked to a
heightened degree of functional impairment
among the participants.

While many studies have extensively examined
the occurrence of associated risk factors linked
with mental health among HCPs, biological
variables have been virtually neglected.”9111315 For
example, a study analyzed the correlation
between hair cortisol levels and burnout in 467
HCPs (nutritional therapists, occupational
therapists, respiratory therapists, nurses, and
physicians) from Quebec, indicating that 50% of
the participants displayed symptoms of burnout.?”
Burnout revealed symptoms of emotional
depersonalization or exhaustion at least once a
week. Notably, hair cortisol levels significantly
increased by a median increase of 29% after the
onset of the pandemic, indicating a physiological
influence of increased stress and demands on
HCPs. This increase in cortisol was also
statistically associated with burnout, further
supporting the link between stress and
physiological response. Additionally, perceived
organizational support and resilience were

negatively correlated with burnout experienced

by HCPs.7121718 These factors played a protective
role against burnout among the participants. As
such, the study holds great importance in
understanding the impact of the pandemic on
healthcare workers.'” Furthermore, exploring the
changes in HCPs’ stress hormone levels can
provide valuable insights. By identifying
individuals who may be at higher risk based on
their biomarker levels, healthcare organizations
can design targeted interventions and support
systems to address their specific needs. This
personalized  approach  can  significantly
contribute to promoting HCPs” mental health and
well-being during the pandemic.

In an effort to grasp the pandemic's influence on
the quality of life among healthcare professionals,
including but not limited to physicians, nurses,
dentists, and psychologists, the Canadian
government conducted an extensive survey
involving 12,246 HCPs. The results indicated that
95% reported the pandemic's impact on their jobs,
with 85% experiencing heightened work-related
stress during this period.’ Among HCPs not
intending to retire, 17.9% indicated their intention
to leave their job or switch to a different job within
the next three years. Specifically, a higher
proportion of women, 18.5%, were considering a
job change compared to men, 15.5%. Notably, job
stress or burnout was cited by 63.2% of
respondents as the most common reason for
leaving their job, followed by concerns about
mental health at 53% and job dissatisfaction at
48.8%, which is comparable with other studies
mentioned above.!151° During the pandemic, 67%
of HCPs (such as nurses, physicians, ICU
pharmacists, occupational therapists,
physiotherapists, and personal support workers)
reported feeling increased levels of stress at their
workplace, and 37% had considered leaving their
jobs, and more than 50% of HCPs indicated an
increased workload, from working overtime to
being assigned tasks they don't typically handle."
These findings underline the strain experienced
by HCPs during the pandemic, with heightened
stress levels and an overwhelming workload
contributing to burnout and job dissatisfaction.

The desire to leave a job can be attributed to the
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challenging working conditions, having a
negative impact on the quality of life and mental
health of HCPs.10111517.19

2. Dissatisfaction of HCPs with organizational
approaches to COVID-19

The response to the COVID-19 pandemic could
have been improved if governments, public health
agencies, and institutions had adhered to
preventive measures. Consequently, the second
theme identified in this review pertains to HCPs’
discontentment with organizational conditions
throughout the pandemic. Within this theme, two
sub-themes emerged: organizational change and
inadequate access to PPE. These recurring sub-
themes have jeopardized HCPs’ safety and have
been recognized as contributing factors to the

adverse impact on their mental health.

2.1 Organizational change:

Numerous Canadian studies have investigated
the connection between HCPs' distress and
organizational  change.671012182021  Canadian
nurses have reported experiencing anxiety, worry,
distress, or fear attributed to various
organizational factors, such as frequent policy
changes, ambiguous communication, and
difficulty reconciling conflicting messages from
different departments.” In addition, various HCPs
working in long-term care homes and hospitals
have identified inconsistencies in organizational
policies and barriers to implementing necessary
changes amidst the COVID-19 pandemic.”? The
awareness of being at a higher risk of infection due
to inadequate protection led to fear, anger, a sense
of violation and frustration. 91% of respondents
expressed feeling abandoned by the provincial
government.”? Insufficient staffing levels were
recognized as factors contributing not only to the
burnout experienced by HCPs but also
compromised patient safety.

Furthermore, the mental health scores of HCPs
were reported to be higher when they rated
organizational =~ support or  preparedness
negatively.® This included factors such as
confidence in how the organization handled the
policy
transparency in policy decisions, and availability

pandemic, frequency of changes,

of resources, all of which indicated a need for
improved workplace policies and practices to
provide better support for HCPs during the
COVID-19 Additionally,  the

vaccination rollout has emerged as an important

pandemic.

factor concerning organizational support during
the pandemic, particularly among Canadian
physicians. In a survey conducted by the
Canadian Medical Association (CMA) with 1,648
practicing physicians, the majority reported
heightened anxiety and fatigue related to COVID-
19.18 When HCPs were asked about factors that
negatively impacted their mental well-being, 62%
reported concerns about the vaccine rollout, 64%
mentioned social restrictions, and 63% expressed
uncertainty about the future. Among the
physicians surveyed, 20% expressed that Canada
should prioritize coordinating an effective vaccine
distribution strategy to improve its response to the
pandemic. However, 60% felt that the ‘federal
government's ability to secure vaccine supplies
was poor,” while over 50% gave equally low
ratings to their territorial or provincial
government's handling of the vaccine rollout.!s
Numerous family physicians expressed their
willingness to assist with vaccine distribution but
reported not being informed about how to do so.
This has resulted in frustration with the
organizations overseeing the management of the
pandemic,

studies.61218

echoing findings from  prior
Interviews conducted with respiratory therapists
reveal a range of opinions during the pandemic,
including disagreements among staff, increased
workloads, burnout, conflicts with management,
the initial fear of contamination, anxiety about
obtaining vaccines for their families, and
frustration with the vaccine rollout and
prioritization of certain worker groups over
others.’® A study of 18 clinicians in Canadian
Pediatric Eating Disorder programs during the
COVID-19

challenges in managing increased patient volumes

pandemic revealed significant
without adequate resources.? Consequently, the
workload for these professionals substantially
increased during the pandemic, which is

consistent with other studies.’®1? Additionally,
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HCPs such as physicians, nurses, occupational
therapists, and respiratory therapists were
reported to face potentially morally injurious
events when the community transmission of
COVID-19 significantly escalated, resulting in a
drastic increase in their workload and limited
ability to provide quality care.? Alongside the
increased workload, many healthcare settings also
experienced decreased staffing levels.19222324
Policies mandated that staff members with
COVID-19 symptoms or close contact with
infected individuals could not work, further
exacerbating the staffing shortage. Thus, HCPs
were left responsible for caring for a larger

number of patients than they could safely manage.

2.2 Inadequate access to PPE:

Several studies highlighted the insufficient
availability of Personal Protective Equipment
(PPE) for HCPs.6912212 A study conducted in
Ontario investigated the connection between the
perceived sufficiency of PPE and the mental well-
being of 5,988 HCPs.” The study found that there
were high unmet needs for PPE: only 42.9% of the
needed face shields and 29.1% of the needed N95
masks were met. Overall, less than 20% of the
participants had their PPE and infection control
requirements fulfilled. Furthermore, there was
also a high prevalence of general anxiety disorder
symptoms among HCPs who did not have their
PPE and infection control requirements met.°
These findings reflect the distress experienced by
HCPs who are risking their lives to provide care
while lacking adequate support and protection
from their organizations.

In a study of 159 Canadian medical oncologists, it
was discovered that 33% did not have any
routinely used PPE, while 13% reported sporadic
usage, often  because their institutions
discouraged using protective measures beyond
handwashing and physical distancing.® Only 4%
of respondents reported regular use of N95
respirator masks. The study also highlighted
concerns about PPE access, with 69% of medical
oncologists expressing uncertainty about having
adequate PPE at their workplace during the

pandemic. Moreover, 61% of participants lacked

confidence in their institutions' support during
this challenging time.® These findings align with a
survey conducted by the Canadian Medical
Association, which revealed that 75% of
physicians expressed uncertainty about PPE
availability.#® As such, it is essential to advocate
for increased efforts to procure PPE and ensure
HCPs are adequately informed about the
availability of essential protective equipment.
Another study examined the perception of PPE
amongst 10 HCPs working in long-term care
homes and hospitals and found similar findings
that the HCPs expressed dissatisfaction with the
level of protection they were provided.
Specifically, the HCPs had requested N95
respirators when encountering suspected or
confirmed cases, but their requests were mostly
denied. They felt that decisions regarding the
distribution of PPE were unfair and that their
workplace did not prioritize their safety. The
absence of clear guidance following the

declaration of the pandemic, insufficient
protective guidelines, and a lack of preparedness
intensified feelings of abandonment and
frustration among HCPs. The respondents also
expressed being left to fend for themselves not
only against COVID-19 infection but also against
mental distress and burnout.!1617 Several HCPs
pointed out that the policies implementing PPE
practices to minimize the risk of exposure to
COVID-19 had unintended consequences, making
it challenging or even impossible to respond
promptly to emergencies.?! Moreover,
organizational decisions aimed at conserving the
limited quantity of PPE were perceived by HCPs
as unjust, as they seemed to prioritize certain
HCPs over others, placing some individuals at a
higher risk of infection. For instance, one
participant mentioned that their organization
withheld PPE supplies for nurses on the mental
health team, opting instead to reserve it
exclusively for emergency room nurses.?!

Another study aimed to qualitatively explore the
stressors experienced by 74 HCPs (including
nurses, physicians, counselors, and therapists)
during the COVID-19 pandemic.?? One significant

concern raised by HCPs was the unavailability of
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safe PPE, particularly due to instances of receiving
defective PPE in the past. This experience of
inadequate protection can be traumatic, especially
during a pandemic where stringent safety
measures are crucial for the well-being of both
HCPs and patients. In addition to their attempts to
ensure safe patient care requirements, Canadian
nurses reported experiencing psychological
distress.” Higher mental health scores were also
observed for negative ratings of access to supplies

and PPE.6 As such, these studies demonstrate an

association between HCPs" organizational
conditions and the adverse impact on their mental
health.67,10,12,1820,21 Thus, implementing

organizational support measures can effectively

enhance the mental well-being of HCPs.

3. HCPs' concerns for themselves and loved ones
HCPs have demonstrated unwavering dedication
in carrying out their clinical and compassionate
duties, often in hazardous working conditions.
Throughout this process, they have expressed
concerns about their safety, struggled with
uncertainty regarding the transmission of the
virus to others, experienced isolation from their
friends and families, and grieved the loss of loved
ones.2 Consequently, the final theme that
emerged is the infection risk faced by HCPs
during the pandemic and the subsequent impact
on themselves and others. Within this theme, two
sub-themes were identified: Professional stressors
faced by HCPs and Personal stressors as they strive
to fulfill their roles beyond the confines of their

workplaces.

3.1 Professional stressors:

Research studies conducted in Canada have
highlighted the genuine apprehension regarding
infection among HCPs. Amongst 159 Canadian
medical oncologists surveyed, over 70% were
worried about ‘contracting or transmitting the
viruses’ to their friends and family.68 Significant
connections between adverse mental health
impacts and unsafe work environments among
nurses have also been established during the
COVID-19 These
encompassed the fear of exposure to COVID-19,

pandemic.¢ impacts

the likelihood of transmitting the virus, and the

possibility of infecting loved ones within the
household. Similarly, nurses expressed worries
about falling ill with COVID-19 or inadvertently
bringing the virus to their families.” These findings
collectively underscore the genuine worries
experienced by HCPs regarding infection risks
and their potential consequences. Another study
found that HCPs, including nurses, physicians,
counselors, and therapists, expressed significant
fear of COVID-19, which hindered their
interactions with patients.?? For some HCPs, fear
extended beyond personal safety and
encompassed the uncertainty and demands of
ensuring the well-being of their patients. Moral
distress was also identified among HCPs when
their efforts to provide care to vulnerable patients
were undermined by uncertainty within
workplace policies. Some HCPs prioritized the
needs of others, often resulting in the neglect of
their well-being.

Additionally, the experiences of 21 HCPs
(including nurses, physicians, psychologists,
pharmacists, and physical therapists, among
others) as they witnessed and encountered their
own grief and loss during the pandemic were
investigated through journal entries.?s These HCPs
shared accounts of their patients’ deaths due to
COVID-19. However, they also expressed
experiencing their losses at an intensified level,
without having the time to emotionally process
these losses due to the demands of the pandemic.
Additionally, HCPs faced losses in the form of
missed opportunities and disruptions.?> Other
HCPs shared how encounters with patients in
palliative care resulted in fear of infecting others,
leading to self-imposed isolation. Fearing the
transmission of the virus, HCPs found themselves
suppressing their frustrations, affecting their
emotional well-being and exacerbating feelings of
loneliness and grief without a supportive
highlight the

emotional toll faced by HCPs as they struggle with

community. These findings
grief and loss both personally and professionally
throughout the pandemic.

During the COVID-19 pandemic, moral injury
also emerged as a significant challenge faced by 32

frontline long-term care staff.?¢ It encompassed
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various distressing experiences, such as feeling
unsupported by management, witnessing
residents passing away alone, confronting a lack
of preparedness, enduring personal loss or trauma,
and dealing with inadequate support following
morally injurious events. Each HCP recounted at
least one instance of moral injury they had
encountered. In these narratives, a prevailing
sense of helplessness was identified as a
significant component of their experiences,
highlighting the profound impact of moral injury
on the well-being and professional lives of HCPs
during the pandemic.?

Additionally, the potential association between
personal and work-related concerns and the
resultant psychological distress was assessed
amongst 455 intensive care unit workers during
the COVID-19
respondents, 76% of the HCPs had direct contact

pandemic.” Among the
with confirmed or suspected cases of COVID-19
patients, and 36% reported frequent exposure to
the virus. 60% of respondents indicated that their
job put them at a higher risk of exposure to
COVID-19, and 58% expressed fear of contracting
the virus. However, 56% accepted the risk of
contracting the virus as part of their job. The study
also found that 76% of the respondents expressed
concern about the risk of transmitting the virus to
their family, 52% to their close friends, 50% to their
work colleagues, and 35% to their patients.!! These
findings highlight the significant concerns and
fears experienced by HCPs during the pandemic
as they continue to provide care while risking
infection.

HCPs in critical care units had also recounted
experiences where ventilator support was
initiated for patients, even when it went against
the patients’ expected survival outcomes.! This
contradicts the principles of patient-centered care,
which prioritize addressing individual needs and
empowering them to actively participate in their
healthcare decisions.”? This resulted in HCPs
feeling a sense of failure when their patients were
ventilated against their expressed wishes, and
they experienced a burden of responsibility for not
advocating more strongly on behalf of the patients.

Such actions contradicted the moral obligation of

HCPs to provide patient-centered care with
dignity. Participants in the study reported
instances where their professional judgments
were disregarded, particularly when patients
experienced harm or death. Furthermore, HCPs
felt that their employers acted unsupportive
toward their well-being. A participant shared an
example, stating, "I asked for support from my
manager to help deal with burnout and was called
over-the-top and mentally ill by senior
management."?! This perception led HCPs to
believe that the management placed less emphasis
on their well-being and prioritized cost-saving
measures, aggravating their frustrations. It
underlines the need for supportive leadership,
ethical decision-making, and a culture that
prioritizes both patient and employee well-being

within healthcare organizations.

3.2 Personal stressors:

In the study with 455 intensive care unit workers,
social stigma emerged as a concerning issue,
where 54% of respondents have experienced
avoidance from others due to their job, while 62%
of the
acknowledged by society and 45% by their

respondents felt appreciated and
hospital.” Only 36% expressed confidence in their
employer’s ability to provide adequate medical
support if they contracted COVID-19, and 21% of
HCPs reported resorting to alcohol, marijuana, or
other recreational drugs as coping mechanisms.
This indicates a problematic situation where HCPs
had to rely on substance use rather than receiving
the necessary social support.

It was also evident that HCPs (such as nurses,
physicians, counselors, and therapists, among
others) played multiple roles beyond their
professional  responsibilities.??  Participants
highlighted the challenges they faced in juggling
various roles and responsibilities, and they had to
utilize available resources to alleviate some of
these struggles. For instance, some participants
resided in intergenerational households that
included young children and vulnerable elderly
adults, adding further complexities to their lives.
Additionally, HCPs who had family members
residing  abroad

experienced  prolonged
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separation and disconnection due to pandemic-
related travel restrictions.?? These accounts shared
by participants emphasized that, alongside their
frontline HCP roles, they also encountered
multiple demands akin to those experienced by
the broader general population. However, their
personal stressors often remained hidden by the
predominant discourse surrounding their
professional demands.

The demands of providing care in their own home
have created a complex dilemma for HCPs.22 On
the one hand, they are unpaid workers in their
personal lives while having to maintain their
challenging roles as HCPs at work. The
cumulative impact of these intersecting stressors
has had significant consequences on the mental
and physical health of HCPs. They have
experienced bodily pain, sleep disturbances,
anger, anxiety, burnout, emotional exhaustion,
suicidal ideation, and burnout. The Work and
Wellness Survey from Ontario nurses revealed
that 60% of respondents indicated high levels of
stress.? Another study also highlights the
immense toll that stressors have taken on HCPs,
underscoring the urgent need for support and
interventions to address their mental health and
well-being.?

The experiences of discrimination and racial
microaggressions among Asian healthcare
workers in the United States and Canada were
also prevalent amidst the COVID-19 pandemic.*
Racial discrimination refers to any form of
discrimination directed at individuals based on
their skin color, race, or ethnic group.®
Microaggressions, on the other hand, are subtle
and unintentional interactions or behaviors that
convey a bias towards historically marginalized
groups.®2 Asian HCPs, including nurses, physical
therapists, physicians, midwives, pharmacists,
and paramedics, have reported elevated levels of
racial discrimination alongside the stress of
working in healthcare facilities during the
pandemic.® The primary perpetrators of the
microaggressions were members of the public, but
participants  also  reported instances  of
microaggressions from patients and colleagues.

Many participants reported experiencing overt

microaggressions relating to COVID-19 that
resembled traditional forms of racism.*® These
microaggressions encompassed cases of direct
avoidance, such as demands to be attended by a
non-Asian doctor, along with derogatory racial
stereotypes. As such, the participants reported
feelings of anger, fear, and despair, as well as
engaging in rumination over the incidents.
Additionally,

hypervigilance and worrying about their safety.

participants expressed
All participants reported feeling discontent in
regard to how the pandemic was managed by
their workplace and the leadership of their
countries.  Moreover, participants  voiced
disappointment over the ignorance and lack of
attention given to Asian issues and the systemic
failure of North American leadership during the

pandemic.30.33343536

Discussion and recommendations

This paper provides a critical review of the mental
health of HCPs during the COVID-19 pandemic.
However, the studies published to date are
homogenous, resulting in a limited understanding
of the challenges to mental well-being HCPs
endured throughout the pandemic. The limited
research methods do not uncover some of the
nuanced experiences HCPs encounter. Future
research needs to address the following
knowledge gaps.

The research methods employed in many studies
are largely homogenous, primarily relying on
online self-report surveys and descriptive
statistics to categorize participants into mental
health disorders.6#1! This might have limited
participants’ ability to express concerns beyond
the scope of the questionnaires used. Thus,
research findings are interpreted through the
researcher's lens, limiting the representation and
contextualization of participant experiences.¥
Alternatively, the qualitative research designs
included in this review revealed unique findings
not captured by other methods. For example, one
study conducted semi-structured interviews,
revealing the anxiety, fear, worry or distress of
frontline long-term care and hospital staff with

regard to managing their commitments to self and
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family.”? Thus, this design enables a broader
understanding of the impacts affecting the mental
health of HCPs. For example, as stated in one of
the studies, a nurse working in a large urban
hospital talked about how the stress of working
during the pandemic is affecting her overall well-
being and even family relationships: "I've come
home and cried many times. I'm stressed out. I
can’t sleep at night. There’s a lot of us having
trouble sleeping" (p 270).1> Thus, studies utilizing
structural approaches (e.g., feminist approach)
can bring a unique viewpoint in contrast to
conventional research approaches on issues such
as the mental health and well-being of HCPs, a
profession that is heavily female-dominant.!

Similarly, various studies collected limited
information,

demographic missing  the

opportunities to  determine  demographic
differences.89117 For instance, a study examining
the impacts of the pandemic on medical
oncologists in Canada only collected minimal
demographic information such as practice setting,
years in practice and province of practice.® This
limited information hinders the exploration of
mental health concerns across gender and racial
backgrounds. Considering that racialized
individuals experience poorer mental health
outcomes related to COVID-19, demographic
information should be included to understand the
similarities between HCPs. To gain a deeper
understanding of HCPs’ experiences, it is crucial
to apply a feminist perspective.!' Majority of
participants in the Canadian studies identified as
female, reflecting the gender composition of
HCPs.?2 These HCPs, especially nurses, are often
hailed as “heroes” during the COVID-19
pandemic; however, no improvements have been
implemented regarding their well-being and pay
equity.? Since 2019, HCPs in Ontario have been
advocating for the repeal of Bill 124, a policy that
imposes wage restrictions of a maximum of 1% on
predominantly female HCPs, while frontline
professionals which are predominantly male, such
as, firefighters and police officers are not subjected
to the same limitations.* This gender disparity in
Canadian healthcare calls for a feminist political

economy approach to address both structural

inequities and the mental well-being of HCPs.
Our analysis revealed that most studies were
based on a medical model to identify mental
health symptoms.®821516 Such a model primarily
focuses on physical causes but largely ignores
environmental or psychological causes. In other
words, these studies have prioritized symptom
identification and treatment rather than
investigating underlying factors of psychological
distress. Various studies assessed anxiety,
depression, PTSD, burnout, and stress symptoms
using psychometric instruments or indicators
among Canadian HCPs during the pandemic.1015
Although these studies offer valuable insights into
the mental health effects of COVID-19 on HCPs,
their focus on symptoms and treatment overlooks
the wide range of factors that may contribute to
HCPs’ psychological distress.

Furthermore, several studies acknowledged that
insufficient information impeded their ability to
compare mental health status between pre-
pandemic and mid-pandemic levels.68121517 For
example, Havaei et al. (2021) found a high
prevalence among nurses for PTSD, anxiety,
depression, and increased emotional exhaustion.
However, the authors are unable to make a causal
relationship due to the absence of pre-pandemic
workplace conditions and mental health impacts.
Stelnicki et al. (2020) is the only article
encountered that references a survey sent to
nurses pre-pandemic, which could serve as a
baseline for comparing pre-pandemic and mid-
pandemic occupational stress levels among nurses
in Canada.’* As such, future research should
involve tracking HCPs” mental health over more
extended periods (i.e., longitudinal study) during
the pandemic. These suggestions provide a
glimpse of numerous directions for future
research on this novel topic.

Overall, the insights provided in this review
emphasize the importance of considering the
research findings and recommendations in
developing and implementing health policies and
practices to support HCPs and prioritize their
mental health. By acknowledging the mental
health

structural inequities, and embracing a feminist

impacts, addressing systemic and
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political economy approach, we can create an
environment that promotes the well-being and
resilience of HCPs, leading to improved
healthcare outcomes for both HCPs and patients

in Canada.

Conclusions

The global impact of COVID-19 has affected
healthcare systems worldwide, with HCPs
experiencing mental health implications. This
paper endeavoured to explore the mental health
and well-being impacts of the pandemic on HCPs
in Canada. Most of the studies reviewed in this
paper primarily followed a medical model
approach, which tends to emphasize authority
and medical perspectives. However, it is
important to note that alternative research
methods, including those from social work

perspectives, have the potential to contribute
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Introduction

ABSTRACT

Paramedics are registered health professionals in numerous countries. Whilst
ambulance services must prioritize their patients, they also require personnel to
be healthy to perform at their utmost to provide optimal patient care.

Ambulance transport is associated with predictable and likely preventable
occupant hazards. These include injuries, serious infections, high rates of
musculoskeletal diseases, stress, and mental health problems.

This review article aims to identify the occupational risks in an ambulance
service, assess their impact on the health of employees, and explore control
measures that can be implemented to reduce the risks and improve the safety
of healthcare workers and patients. It underscores the significance of
implementing robust risk management strategies to safeguard the well-being of
EMS professionals and their patients. Drawing from established risk
management principles, it offers insights into hazard prioritization and control
measures. It emphasizes the importance of proactive measures such as
ergonomic design, infection control, and noise reduction, as well as the need for
ongoing training and support for EMS workers.

Ultimately, this comprehensive review article explores the hazards associated
with ambulance work across different income-level countries and offers
practical solutions to enhance the safety and effectiveness of this critical
healthcare service.

Keywords: Control measures, Emergency medical service, Hazards,

Occupational health and safety, Risk factors.

The word "ambulance" has its origin in the Latin
word ‘ambulare’, which means ‘to walk or to
move about’. In medieval times, the term
‘ambulant” was used to refer to a hospital that
provided medical care to patients who could still

walk or move around.!

In the early modern period, the French adopted
the word “ambulance’ to describe a military field
hospital that was staffed by trained medical
personnel and used to provide emergency medical

care and transport for wounded soldiers. This

Int. ]. Occup. Safety Health, Volume 14, No 2 (2024), 282-293

concept of the ambulance as a mobile medical unit
was later adopted by other countries, and the term
‘ambulance’” became widely used to refer to a
vehicle used for transporting sick or injured
mid-19t

ambulance services began to emerge, particularly

people. In the century, civilian
in urban areas where horse-drawn carriages were
used to transport patients to hospitals. In the late
19t and early 20t

ambulances became

centuries, motorized

more common, and

ambulance services began to be organized on a
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more formal basis. During World War I and World
War II, advances in medical technology and
transportation led to significant improvements in
the care of injured soldiers, and many of these

advances were later adapted for civilian use.!

Nowadays, ambulances are equipped with a wide
range of medical equipment and are a critical
component of emergency medical services (EMS)
around the world. Ambulance personnel are
essential first responders in the community,
providing rapid and life-saving advanced medical
care to patients in need, during transport to
hospitals or other medical facilities. Across
different countries, they are known by a variety of
terms such as paramedics, emergency medical
technicians, emergency medical personnel,
emergency dispatch personnel and call-takers.
Their role is to directly provide or coordinate the
communication of response for out-of-hospital or
pre-hospital emergency medical care in the

community.?

However, working in an ambulance car can be a

hazardous occupation, exposing healthcare
workers and patients to a variety of potential risks.
These hazards can include traffic collisions,
biological hazards, ergonomic hazards, noise, and
emotional stress. The risks associated with these
hazards can have serious consequences for the
health and safety of both healthcare workers and
patients. Therefore, it is important to understand
the potential hazards and risks associated with
working in an ambulance car and to implement
appropriate control measures to minimize the risk

of harm.3

In this review article, we will examine the hazards
associated with working in an ambulance car,
whether in low-, middle- or high-income
countries and explore the control measures that
can be implemented to reduce the risks and
improve the safety of both healthcare workers and

patients.

Risk management in the ambulance car
EMS professionals treat approximately 22 million

patients each year in the United States of America

(USA), and most of the care delivered by EMS

involves ambulance utilization, whether
transporting patients to the hospital or responding
to a call.* The ambulance can be a challenging
work environment, with potential hazards to both
patients and healthcare providers.> The out-of-
hospital setting is unique to health care and
presents many challenges to providing safe, high-
quality medical care in emergencies. The
challenges of the prehospital environment require
thoughtful design of systems and processes of care.
Risk management (RM) is a formalized proactive
process that has been used in a range of
occupational settings, including firefighting and
mining, to reduce workplace hazards and
injuries. Organizations use formal RM to manage
risks and hazards through identification,
assessment, and prioritization of risks for
mitigation and intervention. RM follows a cyclical
set of three phases, including hazard scoping, risk
assessment, and implementation of controls

within a feedback loop (Figure 1).6

ISO 31000 is a risk management standard
published by the International Organization for
Standardization (ISO). It was first released in 2009
and offers a collection of recommendations
designed to help firms streamline risk
management. The risk management process
typically begins with a risk assessment. Included
in the risk assessment is the identification of risk,
an analysis of the risk, and an evaluation of that
risk. Following the risk assessment, an
organization will decide what risk treatment to
approach and then monitor and review the risk
and results. Fundamentally, the risk management
process endeavors to identify risk and then
implement a management system to minimize the
chance of that risk occurring or, if the risk does
occur, to reduce its harm and assure a speedy

recovery.’

The goal of this review article is to apply risk
assessment processes in an ambulance car to
identify risks and hazards associated with EMS
practices and determine potentially effective

control measures.
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Figure 1: An overview of the Risk Management process, adapted from

ISO 31000:2009.¢6

Risks and hazards identified in the ambulance
car

EMS personnel encounter a hazardous and
difficult

ambulance while providing lifesaving and life-

work environment in a moving
sustaining emergency patient care. The most
common occupational hazards in an ambulance
car are traffic accidents and collisions leading to
injuries due to emergency response driving;

biological hazards due to exposure to pathogenic

microorganisms leading to serious occupational
infections such as hepatitis B and C or Acquired
Immunodeficiency Syndrome (AIDS); ergonomic
hazard

musculoskeletal injuries due to unsafe patient

leading to physical strain and
handling; physical hazard such as noise in
ambient work environment which may cause
harm and stress to workers; and psychological
hazard leading to occupational stress, burnout

and fatigue among ambulance personnel (Table 1).

Table 2: Summary of hazards and their potential associated risks

Hazards

Associated Risks

Emergency Response (Lights & Siren)

Biological Hazard (Pathogens)

Traffic accidents & collisions leading to injuries

Nosocomial infections, Infectious diseases like Human

Immunodeficiency Virus (HIV), Hepatitis B, and Hepatitis C

Ergonomic Hazard (Physical strain)
Physical Hazard (Noise)

Psychological Hazard (Stress)

Musculoskeletal Disorders (MSDs), Chronic pain
Noise-Induced Hearing Loss (NIHL), Stress

Mental health issues, Post-traumatic stress disorder (PTSD)

Emergency response driving is cited as a major
risk factor in many studies. Custalow and Gravitz
reported that 91% of emergency vehicle collisions
in Denver occurred under lights and sirens, and
the association is driven by generally higher
speeds and reduced reaction times during
emergencies.? High speeds reduce the driver’s

ability to react to hazards, to safely control the

vehicle, and to navigate traffic. A growing body of
research demonstrates that ambulance crashes are
common. Deadly events may be preventable with
attention to the ambulance's external design and
the internal

configuration of the rear

compartment.’

Ambulances can conceivably be a potential source
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of different pathogenic microbes by virtue of their
role in transporting patients from a scene to a
healthcare facility. Not only the patients but also
the paramedical staff and relatives of the patients
may be exposed to various pathogens, some of
which may cause serious infections and diseases.!
A regional study examined the levels of bacterial
contamination in Welsh ambulances over 12
months on a monthly schedule. The results
showed a variety of microbes at unacceptable
levels were present in the samples before cleaning
of emergency vehicles, re-emphasizing the need
for more stringent infection control programs.!!
Another study also showed that the EMS
ambulances of the Kingdom of Saudi Arabia (KSA)
can carry pathogenic bacteria that are hazardous
to the paramedical personnel, as well as, to the
patients that are transported within these
ambulances. The pathogens isolated, such as
Bacilli, Staphylococci, and Enterococci can pose a
substantial risk for nosocomial infections, not only
for patients who have weak immune systems but
also for personnel. In addition, these pathogens
can also be transmitted to new patients or relatives

who may travel along with the patient.!

Paramedics can be exposed to blood when treating
trauma victims who may be experiencing
uncontrolled bleeding. Exposure of paramedics to
blood can also occur from a sharp injury, such as
a needlestick after use on a patient or a cut from a
contaminated sharp object while performing
advanced life support procedures under
unpredictable, adverse conditions. A national
survey of paramedics was conducted in the USA,
between 2002-2003, to measure the incidence of
exposure to blood among paramedics. The survey
showed that 22% of paramedics had at least one
exposure to blood in the previous year.'2!® The
sharps injury rate for paramedics was also high
compared with most hospital workers. Also,
exposure of broken skin to blood was extremely
high among paramedics. Human
Immunodeficiency Virus (HIV), Hepatitis B Virus
(HBV), and Hepatitis C Virus (HCV) are all
bloodborne pathogens that are transmitted

through broken skin; thus, these exposures should

be medically evaluated immediately (some
treatments, such as for HIV exposure, should be
started as soon as possible, preferably within
hours). Infected workers who  remain
undiagnosed could place other people at risk of

infection.!4

In an attempt to ensure timely treatment for their
patients, paramedics often place their bodies in
high-risk situations. This means paramedics make
choices to lift, pull, or push heavy loads all the
time. As a result, paramedics have one of the
highest overall risks for musculoskeletal injuries
among healthcare workers. Roberts et al
demonstrated that paramedics had between 3.5-
and 13 times greater risk of lower back injury
compared to nurses.’ In the USA, ergonomic risk
factors, such as excessive physical effort, awkward
postures, or repetitive movements, were the
leading causes of injuries amongst EMS workers,
of which 90% were attributed to lifting, carrying,

or transferring a patient and/or equipment.'¢

Noise is a ubiquitous potential hazard to our
bodies. The World Health Organisation reported
that 16% of hearing loss in adults is attributed to
occupational noise.'” Noise-induced hearing loss
(NIHL) is a sensorineural hearing loss, explained
by a permanent threshold shift of hearing
sensitivity. International standards recommend
an ‘equivalent sound pressure level of 85 dB(A) at
8-h working day average as the exposure limit for
occupational noise’, to preserve the personnel’s
hearing when working in a noisy environment.
Several studies gave evidence that noise creates
physical and psychological stress, commonly
presented as reduced assessment, sleep
disturbances, cardiovascular dysfunction and
mental health alteration. Ambulance service
workers are exposed to noise during their shifts in
ambulance vehicles, and the noise level varies
during signal and non-signal trips, and with
different speed levels.® A study showed that the
Latvian and German ambulance service personnel
demonstrate an exposure to hazardous noise level
of approximately 85-90 dB(A) during signal trips,
which reaches and partly exceeds the exposure
limits of 85 dB(A)."” Another study also
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demonstrated that the noise exposure levels

among prehospital personnel in Denmark
exceeded the recommendations described in the
European Regulative for Noise (>80 dB(A)).
Although no evidence of occupational hearing
loss was demonstrated in the EMS personnel,
however a reduced function of the outer sensory
hair cells was found in the EMS group following
missions.? High noise levels can also contribute to
serious workplace accidents and injuries. Noise
can reduce workers’ awareness of what is
happening around them, including signals,
alarms, and verbal warnings. Studies show that
repeated exposures to sounds that are 85 A-
weighted decibels (dBA) or higher can cause stress
and fatigue, as well as several health problems
including ringing in the ears (tinnitus), high blood
cardiovascular

pressure (hypertension) and

disease.2!

The nature of ambulance work, the uncontrolled
and often unpredictable environments, the
everyday experience of trauma, and the
cumulative nature of that trauma all play a key
role in the development and impact of mental
distress and psychological injury among EMS
personnel.??* In addition to the nature of the work,
organizational and occupational factors such as
workload, work demands, shift work, limited time
for debriefing or downtime, the hierarchical
nature of supervision, and the lack of recognition
are clearly shown to have effects on the well-being
of ambulance personnel that are as significant as,
if not greater than, the nature of the work itself.
Moreover, several studies have addressed the
prevalence of post-traumatic stress disorder
(PTSD) symptoms in ambulance services to be

much higher than in the general population.?

Hazard Effect/Consequences

1
(Minor)
First aid case;
exposure to
minor health
risk; little to no
economic costs
incurred.
Likelihood
4 The incident occurs
. with regularity and will
(Almost continue to occur 7 (M)
Certain) (>75% likelihood)
The incident has
3 occurred frequently,
and is expected to (
(Likely) occur 4 L)
(30-75% likelihood)
The incident has
-] happened at some
= .| time (infrequently),
(Possible)| and will occur under 2 (L)
some circumstances
(10-30% likelihood)
The incident has
happened in the past
1 (rarely), and may 1 L
(Unlikely) | occurin exceptional ( )
circumstances
(<10% likelihood)

2 3 4
(Moderate) (Major) (Maximal)
Medical
treatment; lost
time injury; Loss of quality Single/Multiple

reversible of life; fatalities; health
impact on irreversible impactis
health; health impact; ultimately fatal;

economic costs | economic costs
are moderate. are high.

exposure to
major health
risk; economic
costs are low.

8 (M)
5 (M) 9 (M)
3(L) 6 (M)

Figure 2: Hazard matrix used in ranking and prioritizing risks and hazards identified

in the ambulance car.6

Ranking and prioritizing risks and hazards
identified in the ambulance car

The risks and hazards in the ambulance car were
prioritized and ranked using a risk matrix

approach commonly employed in formal risk

assessments. Risk matrices rank hazards based on
a product of two domains: the likelihood of the
considered hazard to occur; and the severity of
bodily injury or harm produced if the hazard

occurred.? An ordinal likelihood score is assigned
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for each hazard on a scale from 1 (unlikely) to 4
(almost certain). Severity was qualitatively
assessed and scored on an ordinal scale from 1
(minor) to 4 (maximal) (Figure 2). Risks with a
ranking of 1 — 4 (in green) were assigned as ‘low
priority’, 5 -9 (in yellow) as “‘medium priority’, 10
- 13 (in orange) as ‘high priority’, and 14 - 16 (in
red) as ‘extremely high priority” (Figure 2). Risks
and hazards ranked as ‘high’ to ‘extremely high’
should be prioritized first for immediate

intervention.

The above-mentioned hazards have been
evaluated based on their severity and likelihood
and assigned a risk level. Based on the risk
assessment matrix (Figure 2), the highest priority
hazards are emergency response, biological
hazard, and ergonomic hazard, all of which have
been assigned a ‘high risk’ level (Table 2). These
hazards should be addressed with particular
attention and resources to minimize the risk of

harm to patients and healthcare workers.

Table 2: Summary of hazards, potential risks, and their priority ranking

Hazards Potential Risks

Severity Likelihood Risk Level

Emergency Response  Traffic accidents & collisions

(Lights & Siren) leading to injuries Major Likely High (12)
Biological Hazard Nosocomial infections,
(Pathogens) Infectious diseases like HIV, Major Likely High (12)
Hepatitis B and C
Ergonomic Hazard MSDs, Chronic pain
Moderate  Almost certain High (11)
Physical Hazard NIHL, Stress Minor Likely Low (4)
(Noise)
Psychological Hazard ~ Mental health issues, PTSD ~ Moderate Possible

(Stress)

Control measures to reduce the risk

Before discussing control measures to reduce the
potential risks, it is important to take a step back
and think about the hierarchy of controls.
Occupational Safety and Health Administration
(OSHA) considers the hierarchy of control, as a
way to determine what controls would be feasible

and most effective (Figure 3).

e Eliminate: This is the preferred method and
most effective solution. It is controlling the
hazard at the source.

e Substitute: If elimination is not possible,

consider substituting or replacing the known
hazard with a material, process, or equipment
that is less hazardous.

e Engineering controls: A strategy involving
denying access to the hazard by installing
physical barriers. This could be a redesign of
equipment or work processes to reduce the
frequency of performing dangerous tasks. Or
the isolation of the hazard by installing screens

or barriers around hazardous areas.

e Administrative & work practice controls:

When exposure to the risk is not, or cannot be
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minimized by other means, you should
introduce safe work practices, as well as
training and education in order to reduce the
risk.

e Personal Protective Equipment: Introduce PPE
to increase protection and when other measures

are not practical.

To prevent hazards associated with working in an
should

implement control measures that can reduce the

ambulance car, healthcare workers

risk of exposure to potential hazards (Table 3).

N

SUBSTITUTION

ENGINEERING CONTROLS

ADMINISTRATIVE &
WORK PRACTICE CONTROLS

Figure 3: Hierarchy of control.?”

Table 3: Summary of selected control measures to reduce the risks associated with hazards in the

ambulance car

Hazards Potential Risks Control Measures
Emergency Traffic accidents & collisions Modification of rear compartment, secure
Response leading to injuries equipment in place, use seatbelts and helmets,
education about traffic laws, follow safe driving
practices, use driving assistance technology
Biological Hazard Nosocomial infections, Frequent fumigation techniques, use of safety
Infectious diseases like HIV, devices, use appropriate personal protective
Hepatitis B and C equipment, follow infection control standard
procedures
Ergonomic MSDs, Chronic pain New ergonomic design of rear compartment,
Hazard use lifting equipment and proper body
mechanics, job rotation and take regular breaks
to rest and stretch
Physical Hazard Wear appropriate hearing protection (ear muffs
NIHL, Stress or earplugs), turn off unnecessary alarms and
sirens, active noise reduction, better insulation
of ambulances
Psychological Social support systems, receive regular
Hazard Mental health issues, PTSD debriefings and counselling, education on stress

management techniques

Unfortunately, conventional ambulance designs

have been suboptimal and often place EMS
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personnel in health-compromising situations,
contributing to their high rates of injury, fatality,
and early retirement. For example, conventional
ambulances were not conducive to seatbelt usage
because the patient and supplies were out of reach
for seated and restrained EMS personnel. Further,
the limited work surfaces resulted in EMS
personnel using their seats or their patients'
bodies to hold supplies, including sharps. Both the
unrestrained EMS personnel and supplies could
become dangerous projectiles in a collision and
could result in serious injuries.!® Failure to use
current methods of occupant protection for each
occupant or to secure equipment effectively can
result in catastrophic outcomes for all occupants.
Therefore, attention must be given to
modifications to the rear compartment, including
rounded corners on cabinets, straps to secure
equipment thereby preventing projectiles, and the
installation of airbags. Results of crash tests
showed that EMS personnel and patients in the
rear compartment have to be restrained by
seatbelts and that seatbelts should even be worn
when administering care. The patient should be
always restrained by a vacuum stretcher because
the risk of expulsion and impact against a sharp
corner of a storage compartment is high. Medical
equipment and stretchers in the rear compartment
are an additional risk during a crash and fixations
must be stronger than belts and tested in crash
tests. It would be preferable if each piece of
medical equipment was provided with a quick-
release system. Seatbacks should be placed
parallel to the road and secured by seatbelts
anchored in three points. There is an urgent need
for the dissemination of this safety information
and to development of data-driven performance-
based safety standards and designs.?® Education
and knowledge are also critical elements in the
prevention of ambulance crashes. One study
indicated that EMS personnel may not possess
adequate knowledge of traffic laws pertaining to
driving an ambulance with lights and sirens.
Technology is making significant inroads into
assisting drivers in carrying out their duties.
Notably, several investigators have explored

driver monitoring and feedback systems to help

change dangerous driving behavior. Devices are

available that can alert drivers entering
intersections to the presence of other vehicles,
notify them when they are too close to a vehicle (to
prevent a collision), and warn drivers when they

are about to run off the road.?

A study confirmed the importance of evaluating
the frequency and efficiency of various fumigation
techniques as an ambulance is a potential
reservoir for microbial transmission to patients
and staff. Comprehensive education and infection
control programs that help in understanding
disease transmission and the etiology of infections
are important for paramedics. This will decrease
the transmission of nosocomial infections due to
better infection control processes by all the staff
and cleaning personnel. There is a definite need
for stricter implementation of ambulance
disinfection programs with more frequency.
Many occupationally acquired infections can be
limited by proper awareness programs, training
initiatives, and  stringent

ambulances.’® Studies show that 80% of

guidelines  for

needlestick injuries involved the use of non-safety
devices by EMS personnel, and the main predictor
for the use of safety devices was whether
employers provided them. Major factors for eye
and nose exposures to blood included: the patient
vomited, spit, or coughed; the patient was
uncooperative, combative, or being resuscitated;
or the blood/body fluid splashed. Although more
than 80% of paramedics said their employers
provided safety goggles and face/surgical masks,
most splashes to the eye or nose occurred when
protection was not used. Paramedics need more
training on how to use personal protective
equipment (PPE), better-designed PPE, or
additional PPE to protect themselves. Note that
paramedics had significantly fewer exposures to
blood if their supervisors emphasized following
Standard Precautions and if paramedics were

evaluated on following safety procedures.!*

Carpal tunnel syndrome, tendinitis, rotator cuff
injuries, muscle strains, and other work-related
musculoskeletal disorders (MSDs) such as these

can be prevented. By implementing ergonomic
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solutions in the workplace, you can help reduce
the number and severity of work-related MSDs.
The standard ambulance's interior design is
unsatisfactory based on perceived discomfort and
postures that constrain paramedics and medical
staff, resulting in unsafe treatment of patients,
mainly when being transported. In order to
increase risk prevention, ergonomically optimized
stretchers should be utilized. Several concrete
changes in the design of the ambulance are also
recommended in order to reduce the
extraordinarily high strain on the paramedics and
to increase the safety and user-friendliness of the
system during a rescue operation. The new
ergonomic design should aim to less effort needed
during the transport of the patient, which, at the
same time, means lower physical strain on the
paramedics’ backs and their hand—arm—shoulder
systems. Where engineering controls are unable to
be implemented, it may be appropriate to consider
administrative or work practice controls that
establish efficient processes and procedures, such
as requiring a two-person lift when materials
exceed a certain weight or are awkward in
shape/size, and establish a job rotation system to
minimize the duration of continual exertion,
repetitive motions, and awkward postures,
allowing the employee to use different muscle

groups.?

Education of the ambulance workers about
preventive measures to reduce noise hazards, the
importance of NIHL development and its health
risks, as well as regular audiometry check-ups, are
needed. Moreover, there are several ways that
noise levels can be monitored such as using
personal protective devices like filter-type
earplugs, planning to avoid streets of bad quality,
which produce excessive noise or need prolonged
signal use due to crowded traffic, acoustic
insulation and soundproofing to doors, walls and
ceilings, and positioning sirens as far away as
possible from the personnel, e.g., front of the
spoiler.” If elimination or reduction of the noise to
a safe level is not possible, simple changes in
scheduling and operations can significantly

decrease the total amount of noise exposure for

each worker. Examples of administrative control
measures that can be implemented include
adapting work procedures to minimize the
number of workers exposed to noise and the
duration of their exposure, and training workers
to be aware of noise hazards, providing them with
strategies to limit exposure, and encouraging
them to avoid activities which would increase
their exposure.?’ The most stressful emergencies
according to paramedics are critical and traumatic
situations such as road accidents, emergencies
with children, family members, or other people
they know, and situations where the location is
unknown or there is not enough information
about the situation. The majority of ambulance
personnel must be able to deal with potentially
traumatic events reasonably well, and they use
different strategies depending on the moment and
the situation. Nonetheless, social support is an
important protective factor against the negative
effects of potentially traumatic events and
occupational stress. Besides family and friends,
the support given by work colleagues and
supervisors is an important emotional support
source and may reduce the severity of PTSD
symptoms, burnout, and psychological distress.
Another strategy to cope with emotional stress is
to promote among EMS personnel, through
training and educational sessions, health habits
and psychosocial skills, such as communication
skills, psychological first aid, stress management,

teamwork and decision-making skills.3

Conclusion
In conclusion, the ambulance system, by the wide
range of services it provides and the increasing
number of accepted claims, is a job characterized
by multiple occupational health hazards for its
employees and patients. These hazards include
traffic accidents due to emergency response,
biological hazards, ergonomic hazards, noise, and
emotional stress. To prevent harm to healthcare
workers and patients, it is important to implement
control measures to reduce the risk of exposure to
these hazards. Control measures can include
following  safe

driving  practices, using

appropriate personal protective equipment, using
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lifting equipment and proper body mechanics,

and receiving regular debriefings and counseling.

By using a risk assessment table and risk
assessment matrix, it is possible to identify and
prioritize the hazards and control measures
needed to reduce the risk of harm. By addressing
the highest priority hazards, healthcare workers

can improve their safety and the safety of their
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