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Original Article 

Consequence Modeling and Analysis of Benzene leakage and 
explosion from a poorly sited gas station in the City of Douala, 
Cameroon 

 

Ndoh Mbue I1, Batambock S2 
1Department of Industrial Quality, Hygiene, Safety, and Environment, National Polytechnic School of Douala (NHPSD), University 

of Douala, Cameroon, 2701, Cameroon, 2Energy, Materials, Modeling and Methods Laboratory (E3M); National Polytechnic School 

of Douala (NHPSD), University of Douala, Cameroon, 2701, Cameroon  

ABSTRACT  

 

Introduction: Benzene has long been recognized as highly carcinogenic and the 

most cytotoxic of all air pollutants released by gas stations. Although several 

studies have been conducted on accidents in the process industry, very little work 

has been directed toward the modeling of risks caused by the leakage and explosion 

of toxic substances in gas stations. This knowledge could aid in predicting the vapor 

concentration inside gas station office buildings and neighboring infrastructures 

and in developing corresponding safety measures. The purpose of this study was, 

therefore, to model the consequences of Benzene dispersion following leakage and 

explosion from gas stations, taking the city of Douala, Cameroon as an example. 

Methods: Based on the measured vent emission and meteorological data, the Areal 

Location of Hazardous Atmosphere (ALOHA v.5.4.7) model was used to predict 

the hazard radius of leakage and dispersion of benzene from a tank in different 

seasons. The maps of the toxic and flammable vapor cloud of benzene, evaporation 

rate from a puddle, and the concentration of toxic and flammable vapor cloud 

inside and outside of the station were prepared with the aid of MARPLOT and 

Google Earth software.  

Results: The results showed that the maximum average sustained release rate of 

benzene from a tank was 26 kilograms per minute, with an estimated total amount 

released of 1,340 kilograms per 60 minutes in the dry season. The puddle spread to 

a diameter of 19.8 meters. The predicted threat zone distance from the station in the 

dry season, as compared to the rainy season, had an increase in radius of 12, 20, and 

83m for the red, orange, and yellow zones, respectively. The worst hazard level 

extends primarily in the downwind direction and is predicted to be 31 meters in the 

rainy season in all directions, covering parts of the adjacent settlements and social 

infrastructure.  

Conclusion: The potential scenarios of benzene dispersion from a poorly sited gas 

station in the city of Douala have been modeled and the threat zones estimated. 

Nearby residences and social infrastructures are significantly exposed, with the 

predicted threat zones being more hazardous for the employees of the gas station. 

Further research looking at the impact of combined consequences of gasoline 

emissions may help determine whether the combined effects of benzene with other 

chemicals are cumulative or synergistic.  

Keywords: ALOHA, Benzene, Douala, MARPLOT, Poorly sited Gas station  
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Introduction 

Benzene has long been recognized as a carcinogenic 

substance, and research has shown that it is one of 

the most cytotoxic of all the air pollutants released 

by gas stations and other petrochemical plants. 

Ambient air at gasoline stations contains volatile 

organic compounds from fuel vapors and 

combustions from vehicle engines, including those 

of benzene, toluene, ethylbenzene, and xylene 

(BTEX). Other sources of chronic unburned fuel 

release at gas stations are fuel storage and 

dispensing: vapor release through the storage 

tank's vent pipe and vapor emissions from the 

evaporation of spilled fuel. However small the 

amount of unburned fuel lost during vehicle 

refueling and fuel storage might be, the cumulative 

release of fuel to the environment can be substantial 

if large amounts of fuel are dispensed at gas 

stations. The average benzene content of gasoline 

has been approximately 1%–3% (and up to 5%) in 

the United States,1  and 3%–5% in European 

countries.2  Recent research shows that gas stations 

emit ten times the amount of benzene previously 

recorded.3   

Concerns about gasoline's health and 

environmental hazards extend beyond academia, 

science, and regulation. Benzene exposure has been 

linked to several blood cancers,4  including acute 

myeloid leukemia and acute nonlymphocytic 

leukemia. Studies in South Korea have found some 

differences in the median outdoor and indoor 

concentrations of benzene (9.9 and 6.0 g/m3 or 

about 3.1 and 1.9 ppb respectively) at a variety of 

residences neighboring gas stations. The median 

indoor concentrations were higher at these sites, 

reaching 13.1 and 16.5 g/m3 respectively (about 4.1 

and 5.2 ppb, respectively). Another study 

discovered that benzene and other gasoline vapor 

releases from service stations can be distinguished 

from traffic emissions as far as 75 meters away from 

service stations and that the contribution of service 

stations to ambient benzene is less significant in 

high traffic density areas.5  

The EPA's Toxic Chemical Substance Declaration 

System reported a dimethyl benzene leak at an 

unnamed plant in November 2009, a phosgene leak  

at a chemical complex in December 2009, and a leak 

at a water purification plant in a chemical complex 

in December 2009.6 These leaks had caused physical 

ailments in the surrounding communities, 

necessitating medical attention. In light of recent 

events, if petrochemical plant operators had 

predicted the magnitude of the impact, it would 

have facilitated pre-rescue preparations and 

reduced the extent of the toxic gas's impact on the 

residents.7 This raises the question of the 

consequences of potential benzene dispersion 

following leakages and explosions from storage 

devices in gas stations, especially as most of these 

stations are widely distributed in residential areas 

and very close to social infrastructures. Predicting 

the fluid behavior after release and its emissions 

into the environment is critical for estimating the 

consequences and potential injuries, as well as 

being aware of the maximum safe radius of fire, 

explosion, and toxic substance emissions. 

Furthermore, it can be extremely useful in dealing 

with accidents and emergencies.8   

Several other studies have modeled the 

consequences of fire, explosion, and toxic 

dispersion by using different modeling tools such 

as PHAST (Process, Hazard, Analysis, Software 

Tool),9 ALOHA (Areal Locations of Hazardous 

Atmospheres, U.S. Protection Agency),10 GIS 

software,11  and FLACS (Flame Acceleration 

Software) modeling programs.12  Each formal 

method is founded on a specific mathematical 

theory. However, researchers, for example,13 have 

demonstrated the significance of systematic and 

analytical methods such as the Bowtie method in 

shaping the relationship between hazards and their 

consequences.14 The Bowtie method has been used 

to analyze process accidents in refineries,15  as well 

as to model the propagation of natural gas leaks. 

Whether qualitative or quantitative, the method is 

a useful tool for determining the causes of events as 

well as specifying critical tasks to ensure the 

integrity and effectiveness of ongoing controls. 

However, as a standalone piece of software, it is 

limited in terms of hazard modeling and 

simulation. 

Previous other studies at the Cameroon level on 
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this topic are rare and the few that exist have either 

focused on the consequences of exposure to 

benzene contamination,16 or the compliance of gas 

stations sitting with existing regulations.17 Though 

implicit to functional recovery, consequence 

analysis and modeling has never been a focus for 

local researchers. Added to the necessity of 

implementing emergency response planning in this 

area, this gap overlooks the consequences of 

benzene leakage from tanks at gas stations and 

other hydrocarbons storage areas. With these 

explanations, the purpose of this study was to use 

the ALOHA (Areal Locations of Hazardous 

Atmospheres) model has been chosen to simulate 

the scales of impact (threat zones) in the event of 

benzene release/ dispersion following leakages and 

explosion from a storage device and to observe the 

safety measures required using one of the poorly 

sited gas stations in the city of Douala, Cameroon 

as an example. Two failure scenarios were 

considered: 

▪ A sudden catastrophic failure leading to a Boiling 

Liquid Expanding Vapor Explosion (BLEVE); 

and 

▪ A leak leading to a flash fire or a vapor cloud 

explosion. 

The approach consisted in entering source 

information at a level of concern (LOC) and 

mapping the footprint on a map to show potential 

offsite receptors (e.g., schools, roads) using a 

combination of software (ALOHA, MARPLOT, 

and Google Earth). The research could be useful in 

identifying and improving key performance 

indicators in the areas of health, safety, and the 

environment. 

 

Methods 

The study area is situated on the Wouri estuary, 30 

kilometers from the Atlantic Ocean and not far 

from the Equator, between 4° and 4° 10' North 

latitude and 9° 35' and 9° 80' East longitude. It is 

Cameroon's economic hub as well as the country's 

first city. It is governed by the Douala Urban 

Community and contains 20,220 hectares. Five 

urban municipalities (also known as districts) and 

one rural municipality form the urban community 

of Douala.18  (Fig.1)

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Location of the study area (DLA: Douala) 

Douala was chosen for this study because it is the 

largest city in Cameroon, but also because, it is the 

commercial and economic capital of Cameroon and 

the entire CEMAC region comprising Gabon, 

Congo, Chad, Equatorial Guinea, Central African 

Republic, and Cameroon. Consequently, any 

hazard may impact serious economic and 

environmental loss on the entire region. Douala is 

also an industrial city and one of the fastest 

developing urban areas in Africa and ranks first at 

the national level. According to current estimates 

from the Douala city council, the population of the 

municipality is estimated to at 5,000,000 people 

with an average growth rate of 4.8%. The mean 

annual rainfall is about 36000.mm, while the mean 

annual temperature varies between 240C in the 

rainy season, to about 330C in the dry season. 

Relative humidity varies between 75 to 100%. 

In a previous study,19 we found that of the one 

hundred and fifty-two (152) gas stations unevenly 
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distributed all over the city of Douala, eighty (80) 

are poorly sited, that is, their locations do not 

comply with the dictates of existing regulations. 

These stations have common characteristics in 

terms of size, products, embedded in human 

settlements, at close distances (< 400m) from 

schools, markets, and other social infrastructures, 

and climatic (weather) conditions. Hence, Total 

Bonaberi1 (Fig. 2), was conveniently selected for 

this study.  

This gas station, like other poorly sited gas stations, 

is less than 7m from an always busy-traffic 

congested major road (Route du Lycee), 

neighboring many residences, public and private 

nurseries, primary, secondary, and high schools, 

and other social infrastructures. Additionally, 

people typically spend 15 min to 1 hour at this 

station. 

 

Figure 2: Total Bonaberi1 gas station 

 

 

Data Collection  

Between December 2020 and January 2021, data 

were gathered. There was a site walk-through 

observation, followed by document analysis. Site 

data (source location and tank geometric 

information), atmospheric data (temperature, 

humidity, wind direction and speed, topography, 

and other meteorological parameters) were 

gathered  

• Atmospheric data: One of the random 

parameters impacting the dispersion behavior 

of a leak event is the weather. To account for 

changing meteorological circumstances over 

time, leak occurrences should be recreated 

under various weather settings. Weather data 

were obtained from field investigations. The 

wind rose (Fig 3) for Douala shows how many 

hours per year the wind blows from the 

indicated direction. Example SW: Wind is 

blowing from South-West (SW) to North-East 

(NE). 

• Chemical data: For the model to run, the 

hazardous material released, as well as its 

physical and chemical properties were 

specified. The chemical properties released 

ultimately determined the shape, magnitude, 

and severity of the plume. The HazMat site  

was used as a chemical data provider in this 

study.20 The data includes product 

identification, the nature of the danger, 

physical and chemical properties, security 

instructions, transportation conditions, etc. 
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    (a) Wind-force per Day (Jan. 2000 – Dec. 2021)                  (b) Wind rose for the Douala city   

Figure 3: Wind rose derived from both the agency for Aerial Navigation Safety in Africa and Madagascar 

(ASECNA) and National Oceanic and Atmospheric Administration (NOAA) data for the period of 2008-

2012.18  

• Source data: For this type of data, the exact 

source characteristics such as geometric 

properties, storage capacity, and so on were 

described. This type of information was         

gathered in this study through field visits and 

interviews with HSE and engineering experts at 

gas stations. 

A recapitulation of the data collected is 

summarized as shown in Table 1.

Table 1: Data for the configurations of the release scenario for the seasonal simulations 

Parameters Season 

Dry Rainy 

Air temperature (°C) 33.7 24 

Relative humidity (%) 80 95 

Wind speed (m/s) 2.8 3.5 

Wind direction SW (225) SW (225) 

Elevation of wind speed measurement (m) 4 4 

Atmospheric stability class E D 

Cloud cover (0–10) 7 7 

Total volume released (m3) 500 500 

Model of release Heavy gas Heavy gas 

Total duration (min) 60 60 

  

 

Data Analysis 

The study employs two scenarios:  

• Modeling the domain of benzene toxic vapor 

cloud formation 

• Modeling the domain of benzene flammable 

vapor cloud formation 

It is supposed that the benzene leakage is caused by 

the creation of a hole with a diameter of 100 mm in 

the iron wall of a vertical cylindrical tank with a 

capacity of 5000 liters, in which petroleum products 

are stored. The benzene storage in the tank is equal 

to the ambient temperature (25 °C). 

In addition to creating maps, the concentration of 

benzene toxic and flammable vapor cloud in the 

office building's indoor and outdoor areas was 

estimated. The American Institute of Chemical 

Engineers (AIChE) and Det Norske Veritas (DNV) 

Institute proposed a conventional approach to 

modeling and assessing the consequences in the 

chemical process, oil, gas, and transportation 

industries.21 

To determine the domain of flammable and toxic 

vapor cloud Levels of Concern (LOCs), two main 

criteria were used: 

1. The Lower Explosive Limit (LEL): the minimum 

concentration of a gas or vapor in the air which 



Ndoh Mbue et al. Consequence Modeling and Analysis of Benzene leakage and explosion from a poorly sited gas station in the City of Douala…. 

 6 

can cause a fire in the presence of an ignition 

source (spark, hear, etc.) and is expressed as the 

volume percentage of flammable gas in the air.22 

Based on this criterion, we adopted the LOC 

level for two levels of benzene as stated below.23 

(1) a concentration of 7200 ppm benzene 

equivalent to LEL of 60%. In this case, 

extreme safety precautions against explosion 

are considered, and, 

(2) a concentration of 1200 ppm benzene, 

equivalent to LEL of 10%. In this case, safety 

precautions against explosion are considered. 

2. Acute Exposure Guideline Levels (AEGLs). 

AEGLs used in this study are classified into 

three levels.  

• Level 1: AEGL-1 is the airborne concentration 

(in ppm or mg/m3) of a substance above which 

the general population is expected to 

experience significant discomfort and irritation. 

The effects, however, are not disabling and are 

transient and reversible (AEGL-1 (60 min): 52 

ppm). 

• Level 2: Susceptible individuals may 

experience adverse and severe effects, as well 

as irreversible effects, at this concentration. 

People may lose their ability to escape in this 

case (AEGL-2 (60 min): 800 ppm). AEGL-2 is 

the airborne concentration of a substance 

(expressed as ppm or mg/m3) above which it is 

predicted that the general population will 

suffer irreversible or other serious, long-term 

adverse health effects. 

• Level 3: People may lose their lives at this 

concentration, or exposure at this 

concentration may be fatal (AEGL-3 (60 min): 

4000 ppm). The airborne concentration of a 

substance (expressed in parts per million or 

milligrams per cubic meter) above which the 

general population is expected to experience 

life-threatening health effects or death is 

referred to as AEGL-3. 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

Figure 4: Principle of the method for calculating the thermal effects of fire 

 

 

Geometry of the surface on fire 

▪ Rectangular or circular shape 

▪ Dimensions: calculation of the equivalent 

diameter 

Characteriistics of the product 

• Type of fuel (liquid, solid) 

• Heat of combustion or calorific value 

• Surface combustion rate 

Height of the flame 

▪ Calculation with Thomas’s formula 

Net Emittance – E  

▪  Calculation with the TNO formula 

▪  Fixed value for warehouse fires 

Form factor– F  

▪ Cylindrical or plane model 

▪ Inclinaison of the target surface (verticale, horizontal), inclined) 

Atmospheric attenuation rate -    

Heat flux received by the target –  (kw/m²) 
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ALOHA software (Version 5.4.7), which has been 

built upon the Gaussian dispersion model of 

continuous, buoyant air pollution flumes,25  was 

then used to model the dispersion maps of benzene 

toxic and flammable vapor cloud, determination of 

Max Average Sustained Release Rate averaged 

over a minute or more, the total amount released, 

and diameter of the evaporating puddle following 

the Wiekema's TNO model.26 (Fig. 4) 

The source emission time may vary between limits 

of one minute to one hour.27 ALOHA employs solid 

flame models to compute thermal radiation 

hazards from bleve fireballs, jet fires, and pool fires. 

In these three scenarios, the incident radiant heat 

flux, ɸ(kW/m2), emitted from a surface is computed, 

as follows:  

ɸ = 𝐸. 𝐹. 𝜏𝑎 

Where E is the surface emissive power (kWm-2), F 

is the geometric view factor, and  𝜏𝑎   is the 

atmospheric transmissivity. The severity of injuries 

and the extent of damage caused by thermal 

radiation from a fire is determined by the intensity 

of the incident radiation as well as the duration of 

exposure to that level of heat flux. Because fireballs 

last only a few seconds, the duration of exposure is 

commonly set to be the same as the duration of the 

fireball. ALOHA® threat zone estimates were 

displayed on a map using the Mapping Application 

for Response, Planning, and Local Operational 

Tasks (MARPLOT) software. 

The ALOHA model of dispersion is a free 

application provided by NOAA (National Oceanic 

and Atmospheric Administration) of the United 

States and EPA (Environmental Protection Agency) 

and it is the tool for the assessment of toxic gas 

cloud threat zones recommended by the USEPA. 

The model is capable of simulating the dispersion 

model for over 900 chemicals and is primarily used 

in the simulation of accidental release of hazardous 

substances,28  and the dispersion of chemical vapor. 

The ALOHA software was used for this analysis 

because of its friendly graphical user interface,  and 

because it helps analysts and planners/decision-

makers to carefully visualize what may happen.29 

ALOHA can predict source strength for four 

general classes of chemical releases, or sources:  

• Direct. An instantaneous or continuous release of 

chemical vapors into the air from a single point. 

This is the only option that allows for an elevated 

release. 

• Puddle. A puddle of constant area, containing 

either a non-boiling or boiling liquid. 

• Tank. A cylindrical or a spherical tank at ground 

level with a single hole or leaking valve. Tank 

contents may escape directly into the atmosphere 

or first form a spreading evaporating pool. 

• Gas pipeline. A pressurized pipe containing gas 

is either connected to a very large reservoir or 

unconnected to any storage vessel. 

The first three classes were considered in this study. 

Furthermore, ALOHA employs Levels of Concern 

(LOC) to address the impact of toxic air plumes, 

fires, and explosions on human populations. For 

inhalation hazards, ALOHA’s LOCs are 

concentrations of airborne chemicals associated 

with adverse health effects. It uses two separate 

dispersion models including the Gaussian plume 

model,30  and the heavy gases model,31   for heavy 

gases like benzene.  

After determining the model for estimating gas 

dispersion, ALOHA plots the points a 

concentration higher than Level of Concern, which 

is used to assess the flammable and toxicity threat 

of a chemical release.32  The model assumes that all 

the combustion energy present in the flammable 

part of the cloud contributes to the explosion. If the 

characteristic explosion length is calculated, the 

blast parameters, such as peak pressure and the 

duration of the positive pressure phase at a certain 

distance from the center of the hemisphere are 

derived from the blast chart.  

Results 

The study was conducted to simulate the 

consequence modeling due to toxic materials 

dispersion from poorly sited gas stations in the city 

of Douala, Cameroon. In the first scenario 

considering gas leak, gas station information, and 

atmospheric information, the outcomes of a gas 

leak and emissions from the tank are modeled. The 

predicted averaged release rate during the hour 

after the release revealed that the release of benzene 

from the tank and evaporation from the puddle for 
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up to 60 minutes had a decreasing trend and direction in both seasons (Fig.5). 

    

                                 

 

 

 

 

 

 

 

 

Figure 5: Predicted averaged release rate during the hour after which the release begins 

According to ALOHA, the release of vapor into the 

atmosphere lasts approximately 53 minutes, with a 

maximum amount of vapor released at any one 

time of 30.6 kilograms per minute (maximum 

average sustained release rate). In our study, the 

evaporation rate of benzene from the puddle 

formed in the dry season was lower (wind speed of 

2.8 m/s, temperature 33.7°C, vapor pressure of the 

liquid at ambient temperature of 0.12 atm, ambient 

saturation concentration of 184,216 ppm or 11.9%) 

than in the rainy season (wind speed of.3.5 m/s, 

temperature 24°C, vapor pressure of the liquid at 

ambient temperature of 0.18 atm, ambient 

saturation concentration of 119,261 ppm or 18.4%).   

The results related to the domain of formation of 

the benzene toxic vapor cloud (threat zone) at 

different distances from the tank in dry and rainy 

seasons, together with potentially affected areas are 

shown in Fig.6. 

 

 

 

 

 

 

 

 

 

                    (a) Threat zones in the dry season                                (b) Potential affected areas in the dry season 

                     

 

 

 

 

 

 

 

 

(c) Threat zones in the rainy season                            (d) Potential affected areas in the rainy season 

Figure 6: Modeling and simulation of the domain of threat zones (a and c), and potentially affected areas (b and 

d) due to the formation of the benzene flammable vapor cloud at different distances from the tank per season 
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We observe from figure that, although the toxic 

vapor threat zone did cover a few sensitive areas 

with a dense population (the main road that is 

often traffic-congested and full of students in the 

morning and afternoon), it could potentially affect 

surrounding residential areas and school 

(Government bilingual high school Bonaberi) with 

a denser population with a change in wind 

direction in different seasons. 

Based on the findings, the threat zone for benzene 

toxic vapor clouds in the dry and rainy seasons was 

divided into three layers red, orange, and yellow. 

The red zone in both seasons represents AEGL-3, 

which had an exposure concentration of 4000 ppm 

and was dispersed to 19 and 31 m from the tank, 

respectively; the orange zone represents AEGL-2, 

which had an exposure concentration of 800 ppm 

and was dispersed to 56 and 76 m from the tank, 

respectively. Ground-level benzene concentrations 

may exceed the ERPG-2 level within this zone. 

People may experience serious health effects or 

have their ability to escape impaired at 

concentrations above the ERPG-2 level (if they are 

exposed for about an hour). Finally, the yellow 

zone represents AEGL-1, which had an exposure 

concentration of 52 ppm and was dispersed up to 

353 m and 436 m from the tank, respectively, 

during both seasons. 

The maximum average sustained release rate was 

estimated at 26 kilograms/min (averaged over a 

minute or more), with an estimated total amount of 

released being 1,340 kilograms. The puddle spread 

to a diameter of 19.8 meters. The potential 

consequences of benzene toxic vapor cloud 

concentrations at different points and times of 

exposure in the office and outdoor in both seasons 

vary considerably in the downwind direction (Fig. 

7).

  

                                                 

 

 

 

 

 

 

 

 

 

Figure 7:  Concentration Estimates at a point of vapor cloud as a function of time in the office building and 

outdoor 

We infer from the figure that, while both AEGL-3 

and AEGL-2 levels are likely to be attained at about 

54 minutes after the release in the dry season, no 

such phenomenon is likely to occur in the rainy 

season. The concentration of benzene flammable 

vapor cloud in office buildings did not exceed the 

standard of 10LEL in both seasons. However, the 

concentration of benzene flammable vapor cloud in 

the area outside the office building 5 minutes after 

the start of the accident exceeded the 10% LEL 

standard. Further, at a point 35mN (across the road 

from, Government Bilingual High School, 

Bonaberi), and 35mE of the station, the 

concentration of benzene toxic vapor cloud 

exceeded the AEGL-2 standard (800 ppm) only in 

the dry season after 40 minutes of the accident but 

was not the case in the rainy season (Fig 8). 

In our modeling, ALOHA estimates that the pool 

fire would last just under 2 and half minutes.  The 

maximum flame length was 25 meters, and the 

burn duration was about 3 minutes, with a 

maximum burn rate of 727 kilograms/min. The 

release followed a decreasing trend in both seasons. 

The total amount of material burned was1393 

kilograms. The chemical escaped as a liquid and 

formed a burning puddle. The puddle spread to a 

diameter of 13.5 meters. The increase in burn rate 

for the first minute and a half could be attributed to 
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the growing puddle size as the chemical continues to leak from the tank (Fig. 9). 

                   

 

 

 

 

 

 

 

 

 

Figure 8: Concentration estimates at a point of vapor cloud as a function of time in & outdoor office building 

                      

 

 

 

 

 

 

 

 

                                       a                                                                                       b                                                                 

 

Figure 9: Evaporation rate of benzene from the puddle formed in dry (a) and rainy (b) seasons 

 

ALOHA’s threat zone estimate for this scenario 

shows three nearly circular thermal radiation threat 

zones the red threat zone which represents the 

worst hazard level, and the orange and yellow 

threat zones which represent areas of decreasing 

hazard for both seasons (Fig. 10 a & b). 

 

 

 

                           

 

 

 

 

 

 

 

 

Figure 10a: Thermal radiation threat zone from pool fire in the the dry season 
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Figure 10b Thermal radiation threat zone from pool fire in the rainy season 

 

The thermal radiation threat extends a little farther 

in the downwind direction. In both seasons, the red 

threat zone was estimated to extend 28 meters (10.0 

kW/(sq m) = potentially lethal within 60 seconds) 

downwind. In the dry season, the orange threat 

zone extends only about 41 meters (5.0 kW/(sq m) 

=2nd-degree burns within 60 sec), and in the rainy 

season, it extends 42 meters in the upwind direction. 

This slight difference exists probably because the 

wind tilts the flames in the downwind direction, 

leading to a greater thermal radiation threat in that 

direction. The origins (0, 0) on both figures 

represent the center of the puddle. ALOHA 

estimates that the red toxic threat zone - the worst 

hazard level extends primarily in the downwind 

direction, predicted to extend roughly 31 meters 

(4000 ppm = AEGL-3 [60 min]) in the dry season, 

and 19 meters (4000 ppm = AEGL-3 [60 min]) in the 

rainy season respectively in all directions and a 

little farther in the downwind direction (Fig 11). 

                   

                         

 

 

 

 

 

 

 

 Rainy season pool   of fire                                          Rainy season toxic dispersion 

 

                         

 

 

 

 

 

 

 

 

 

Dry season pool of fire                                                Dry season toxic dispersion 

Figure 11: Comparison of the threat zone estimates from both of the scenarios in dry and rainy seasons 
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Figure 12: Summary of threat distances from the Text Summary screens 

The toxic threat is confined primarily to the area 

downwind of the release, and even though the 

thermal radiation threat occurs in all directions is 

shifted downwind from the origin. The threat 

distances from both scenarios are summarized as 

follows (Fig 12). 

If operators of petrochemical plants had performed 

the environmental survey at the initial stage of 

hazard and simulated the pattern of toxic vapor 

dispersion using the ALOHA model by plugging in 

various measurements, the statistics from the 

simulation would not only serve as a useful 

reference for rescue operations but also as a basis to 

notify residents in the affected areas to take 

necessary safety precautions to ensure the safety of 

their lives and properties. Considering the threat 

zone of the toxic vapor cloud, presenting some 

control strategies for the prevention of human 

casualties and equipment damage is essential. The 

most important safety measures to prevent damage 

to the area are as follows (Table 2).  

Table 2: Recommendations based on the results obtained from both scenarios 

ID Prevention barriers  Limitations Action steps for improvement 

1 Operation procedures Operation procedures are not 

updated 

Regularly review and update operation 

procedures; establish Management of 

Change (MOC) procedure 

2 Emergency management No emergency plan to indicate 

emergency evacuation routes; no 

oil spill emergency supplies 

Need for emergency plan and procedures 

that will be regularly reviewed and 

updated; consider emergency procedure 

updates in the MOC procedure; ensure that 

first aid equipment and medicine are 

available per actual needs; ensure that oil 

spill emergency supplies are in place; 

conduct desktop exercise once a week and 

practice once a month 

3 Staff training Insufficient staff ability; 

insufficient staff training 

Develop post-appraisal system; develop 

training program and plan 

4 Routine inspection and 

monitoring 

No specific monitoring plan Regular foundation settlement assessment 

5 Security system Only one gathering place is set for 

emergencies; inadequate persons 

on duty at night 

Add an alternative gathering place; 

increase the site staff on duty at night; 

strengthen site supervision 

6 Fire extinguishing system Only two fire water tanks of 

1500m3 are available; the quality 

of fire water is poor 

Check fire extinguishers and fire hydrants 

once a month; add alternative water supply 

source for fires; forming support groups 

like firefighting teams in the threat zone in 

different seasons, ensure that quantity and 

quality of water conform to the 

requirements for fire protection; assess the 
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effectiveness of fire fighting in case of a 

large pool fire in an oil transfer pump area 

7 Human inspection Inadequate staff Periodic inspection in a fixed route 

8 Alarm and emergency 

shutoff 

No control system of combustible 

gas detectors in the central control 

room; no broadcasting system 

Install an acousto-optic alarm system and 

broadcasting system in threat zones and 

teaching the personnel how to deal with 

such situations, providing emergency 

telephone lines and communication 

devices for better coordination with the 

adjacent industries and habitations, and 

preparing a response plan for emergencies 

can reduce the harmful impacts of toxic and 

dangerous substance release. 

 

Discussion 

This study was performed on 152 gas stations in the 

city of Douala and showed that over half of the gas 

stations were exposed to varying fire risk scenarios. 

Two failure scenarios were considered: a sudden 

catastrophic failure leading to a Boiling Liquid 

Expanding Vapor Explosion (BLEVE); and, a leak 

leading to a flash fire or a vapor cloud explosion. 

Both scenarios were considered for both the dry 

and rainy season inorder to express an opinon on 

the season that could be riskier to decicion makers. 

In the fisrt scenario, the consequences of benzene 

puddle formed in the dry season due to 

evaporation were higher (wind speed of 2.8 m/s, 

temperature 33.7°C, vapor pressure of the liquid at 

ambient temperature of 0.12 atm, ambient 

saturation concentration of 184,216 ppm or 11.9%) 

than in the rainy season (wind speed of.3.5 m/s, 

temperature 24°C, vapor pressure of the liquid at 

ambient temperature of 0.18 atm, ambient 

saturation concentration of 119,261 ppm or 18.4%). 

Our results suggests that wind speed and 

atmospheric stability are the primary factors that 

influence dispersion. Previous research also 

asserted that air movements can move, disperse, or 

trap a pollutant cloud.33 Atmospheric stability is a 

measure of the mixing or turbulence in the 

atmosphere, which depends on the amount of solar 

radiation heating the air near the ground.34  The dry 

season corresponds to stability class the slightly 

stable class, E, while the rainy season corresponds 

to class D: Neutral (Adiabatic), normally occurs 

with moderate to dim sunshine, cloudy conditions, 

and at night, with wind speeds > 3 m/s.35  Because 

the topography of Douala is generally flat, the 

puddle would spread out until it becomes very thin 

in the dry season with the lesser stable class.  

High incoming solar radiation (as would occur on 

sunny days) and low wind speeds characterize 

unstable/neutral conditions (e.g. stability class D) 

and result in high levels of buoyant turbulence. 

Under such unstable conditions, the air 

temperature of the atmosphere near the earth’s 

surface declines rapidly with elevation. Warm 

parcels of air near the surface travel a long distance 

upward before cooling to the temperature of the air 

around it. As warmer air rises, the cooler air that is 

displaced sinks downward. Large-scale, convective 

motions develop that provide substantial vertical 

mixing. On the other hand, stable atmospheric 

conditions (e.g., stability class E), corresponding to 

the dry season, can occur on clear nights with low 

wind speeds. The smaller atmospheric temperature 

gradient that occurs with stable atmospheric 

conditions limits upward convection and reduces 

vertical mixing. In this case, ALOHA might have 

overestimated the real puddle size and evaporation 

rate given that it assumes a perfectly flat surface 

which is not the case in the city of Douala. If the 

puddle were constrained by small depressions in 

the ground, it would not spread out as far because 

the liquid flowing away from the tank would fill up 

the depressions in the ground, and would then be 

smaller in the area and deeper at a slower rate and 

it would take longer to completely evaporate.  

The predicted threat zone distance from the tank 

and /or the station in the dry season, as compared 

to the rainy season, had an increase in radius of 12, 

20, and 83m for the red, orange, and yellow zones, 

respectively. The variation between seasons 

suggests that meteorology might be influencing 

dispersion. This hypothesis correlates with the 
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work of,36 who concluded that wind speed and 

atmospheric stability are the primary factors that 

influence dispersion. Atmospheric stability is a 

measure of the mixing or turbulence in the 

atmosphere, which depends on the intensity of 

solar radiation heating the air near the ground.37  In 

this study, the stability classes were D and E in the 

dry and rainy seasons, respectively. The study's 

findings revealed that the rate of spread of heavy 

gases is much higher in an unstable atmosphere 

than in a more stable atmosphere because airflow 

movement in the axis perpendicular to the ground 

is low and the pollutant spreads more in the 

horizontal axis.38  As a result, dry-season stability 

increases the dispersion distance of benzene toxic 

vapor clouds. 

  For a low-wind release, the cloud will meander a 

lot, and we will be unsure of the snakelike path that 

the cloud will take. Because of the smaller expected 

cloud meander at high wind speeds, the dashed 

lines will be close to the footprint. Plume meander 

refers to the variation of the location of the plume 

centerline (i.e., plume swings back and forth), due 

to turbulent velocity fluctuations. The magnitude 

of the plume meander effect on the time-averaged 

centerline concentration is a function of averaging 

time. The time-averaging effect on plume meander 

dispersion is generally accounted for by the Gifford 

algebraic expression that relates the horizontal 

dispersion coefficient (δ𝑦) for the averaging time 

of interest (t𝑎)  to a known reference horizontal 

dispersion coefficient (δ𝑦 , ref) that is associated 

with a reference averaging time ( t𝑎 , ref).39 This 

phenomenon was observed during both seasons. 

However, in the case of low winds, which are more 

prone to cloud meandering, the area of the dashed 

lines is a complete circle with a radius equal to the 

footprint length, indicating that the wind could 

shift and blow the cloud in any direction. This 

condition was more prevalent during the dry 

season than during the rainy season.  In Douala, the 

prevailing wind directions in both seasons are SW, 

W, ENE, and ESE. However, the direction with the 

strongest wind speed in both seasons is the SW. For 

this reason, the approximate direction of the 

benzene toxic vapor cloud in both seasons was SW.  

We agree with,40 that, in general, the prevailing 

wind direction plays a decisive role in the 

movement of the benzene toxic vapor cloud. In 

general, there are two ideal classes of sources: One 

is an instantaneous source, where the pollutant is 

released into the atmosphere all at once. The other 

type of release is a continuous source, where the 

material is released at an approximately steady rate 

for a longer period.  

ALOHA considers continuous releases lasting up 

to 60 minutes. Other studies,6 for example,6 found 

that benzene and other gasoline vapor releases 

from service stations can be discerned from traffic 

emissions as far as 75 m from service stations and 

that the contribution of service stations to ambient 

benzene is less important in areas of high traffic 

density.  This is probably because vehicle exhaust 

is usually the most abundant volatile organic 

compound (VOC) in urban areas, often followed by 

gasoline vapor emissions from fuel handling and 

vehicle operation. 

From the foregoing, it appears that the exposures to 

benzene and other components of refueling vapors 

and spills experienced by these populations vary 

based on several factors, including the size and 

capacity of the refueling station, spatial variation in 

pollutant concentrations in ambient air, climate, 

meteorological conditions, time spent at varying 

locations of the service station, changing on-site 

activity patterns, physiological characteristics, and 

the use of vapor recovery and other pollution 

prevention technologies. Employees at service 

stations (such as pump attendants, on-site 

mechanics, garage workers, etc.) are among those 

with the greatest exposure to benzene originating 

from gas stations.41 According to,42 these receptors 

spend the most time on site (potentially reflecting 

approximately 40 h per week, for decades) and 

intermittently spend time where vapors from the 

pump are at their highest concentrations, with 

benzene concentrations measuring between 30 and 

230 ppb in the breathing zone. Whether this is 

significantly affecting the physiological and 

biochemical processes of humans (which in turn 

may indirectly affect the productivity potential of 

the enterprise) or the increased benzene in the 

atmosphere is directly affecting the output of 
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workers is difficult to ascertain from this study. 

Conclusion  

The consequence analysis of potential benzene 

dispersion following leakages and explosion from 

storage devices in gas stations in the city of Douala 

has been modeled in the above discussion. The 

approach is comparable to other heuristic methods. 

In some cases, it can be considered as a real-time 

and reliable detection approach, and offers a strong 

potential for better understanding and 

investigating of the environment, especially in 

regions such as sub-Saharan Africa, where existing 

petrol station databases are uncommon and often 

unreliable. Nearby residences and social 

infrastructures are significantly exposed, with the 

predicted threat zone being more hazardous for the 

employees of the gas station. The comparison 

shows that potential risks could be higher in the 

dry season than in the rainy season. The results 

trigger the need for local governments to inculcate 

the interest of the resident population and 

employees of petrol stations as a core concern in 

projects that directly affect local ecosystems. An 

advantage of this algorithm is that cartography of 

potential threat zones is provided together with 

empirical results. The results can be used to help 

manage facility risks by considering decisions such 

as siting buildings and specifying appropriate 

protection against overpressure, thermal radiation, 

and gas ingress, locating fire and gas detectors and 

fire hydrants, land use planning restrictions on 

development around facilities, and emergency 

response planning. The results could also be 

applied to other institutions such as airports, local 

fuel companies, power plants, and large 

manufacturing facilities such as automobiles and 

steel plants that also have bulk storage of 

flammable and combustible liquids. Implementing 

a risk management system that could evaluate the 

main causes and consequences of explosions in gas 

stations, focusing on the identification of 

prevention and mitigation barriers that 

could/should be applied by management to avoid 

and/or mitigate the consequences of explosions 

caused by gas or fuel leaks, can help achieve more 

realistic results. In addition, further research on the 

impact of combined consequences of gasoline 

emissions could help determine whether the 

combined effects of benzene with other chemicals 

are cumulative or synergistic.  
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Effects of Gasoline and Smoking on Lipid Profile and Liver 

Functions among Gasoline Exposure Workers in Iraq 

Mohammed Chinar M1, Al-Sulaivany Bassim A1, Fattah Yousif M1, Al-Habib Omar AM2,  

Haji Mohammed B1 
1 Department of Biology, Faculty of Science, University of Zakho, Kurdistan Region, Iraq,  

2 College of Science, Nawroz University, Duhok, Kurdistan Region, Iraq 

ABSTRACT  

Introduction: The rapid and recent rise in the pandemic of cardiovascular disease im-

plies that the environment plays a significant role. Numerous biological systems, such 

as the cardiovascular, blood-forming organs, liver, and kidneys, can be affected by gas-

oline and smoking. Because filling station employees, repair service workers, gasoline 

truck drivers, and refinery workers are all at a greater risk of being exposed to gasoline 

fumes. Even though gasoline and smoking have been investigated for so many years, 

few studies have looked into the effects of gasoline exposure combined with smoking 

on a variety of physiological mechanisms. As a result, we propose that combining gas-

oline exposure with smoking is a risk factor for cardiovascular diseases and impaired 

hepatic function.  

Methods: The study included 95 male adult volunteers who worked with gasoline and 

were exposed to different fuel derivatives as study group and age and sex-matched 

seemingly healthy non-exposed people as the controls. Questionnaire interviews were 

used to collect socio-demographic data and a standard technique was used to collect the 

blood samples. The levels of cholesterol, HDL4, LDL-C, triglyceride, and VLDL were 

measured, as well as for liver enzymes ALP, AST, ALT, indirect bilirubin, direct biliru-

bin, and total bilirubin were measured.  

Results: Our data suggest that smoking with gasoline exposure causes an increase in 

total and bad cholesterol levels, as well as a significant shift concerning the control 

group in lipid profile and liver enzymes. the exposed group had higher levels of ALP, 

and AST and significantly increased. In the nonsmoker exposed group D-bilirubin de-

creased in comparison to the control and exposed smoker group.  

Conclusion: This research concluded that the liver enzymes (ALP, AST, ALT) were 

higher among workers who smoke and are exposed to gasoline than in control subjects, 

similarly, the bad cholesterol also increase. Therefore, people who smoke and are han-

dled with gasoline are at a higher risk of having heart and hepatic diseases. 

Keywords: Bilirubin, Cardiovascular, Cholesterol, Gasoline, Hepatoxicity.  

 

 

Introduction 

Waste management is identified as one of many 

severe environmental problems. Waste problems 

can surely disrupt the environment around the 

community, such as soil pollution. A polluted 

environment will also have an impact on public 

health. There are several causes for the increase in 

waste, specifically the increase in population, the 

level of community activity, the socio-economic 

level of the community, technological advances, 

and also the pattern of people's lives.1  

Technological boosts also increase the amount of 

 

Corresponding author:  

Chinar M. Mohammed 

Department of Biology, Faculty 

of Science, University of Zakho, 

Kurdistan Region, Iraq 

Telephone: 9647507365420 

Email: 

chinar.mohammad@uoz.edu.krd 

ORCID ID: 

https://orcid.org/0000-0001-

5945-550X 
 

Date of submission: 23.02.2022 

Date of acceptance: 12.08.2022 

Date of publication: 01.01.2023 

 

Conflicts of interest: None 

Supporting agencies: None 

DOI:https://doi.org/10.3126/ijosh

.v13i1.43367 

 
 

 

Copyright: This work is licensed 

under a Creative Commons 

Attribution-NonCommercial 4.0 

International License 

 

ISSN: 2091-0878 (Online) ISSN: 2738-9707 (Print) 

mailto:chinar.mohammad@uoz.edu.krd
https://orcid.org/0000-0001-5945-550X
https://orcid.org/0000-0001-5945-550X
https://doi.org/10.3126/ijosh.v13i1.43367
https://doi.org/10.3126/ijosh.v13i1.43367
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Mohammed et al. Effects of Gasoline and Smoking on Lipid Profile and Liver Functions among Gasoline Exposure Workers in Iraq  

 

Int. J. Occup. Safety Health, Volume 13, No 1 (2023), 19-28                                            https://www.nepjol.info/index.php/IJOSH 

20 

waste. It can be seen from the use of personal 

devices and frequently updating them to the latest 

ones.2  

The world population is rapidly increasing 

Gasoline, a highly flammable liquid mixture, is the 

primary contaminant in the environment and is 

mainly utilized for the internal combustion of 

vehicles.1 The majority of them are made up of 

hydrocarbons (aromatic, saturated, and 

unsaturated) and non-hydrocarbons (N, S, O2, 

vanadium, and nickel).2 Because the gasoline vapor 

concentration in the atmosphere (approximately 

2000 ppm) is not healthy when breathed even for a 

brief time (seconds), filling station personnel, 

service station attendants, gasoline truck drivers, 

and refinery workers are all at heightened risk from 

exposure to gasoline fumes.3 The most common 

method of exposure is inhalation, but cutaneous 

absorption is also possible. It is important to note 

that production employees, distribution, and 

gasoline usage are all in danger of acute or chronic 

toxicity.4 

Smoking tobacco involves thousands of 

compounds that have detrimental and poisonous 

effects on the body. Alterations in lipid profile, 

increased insulin resistance, decreased nitric oxide 

(NO) availability, endothelial dysfunction, 

increased insulin resistance, platelet dysfunction, 

high blood viscosity, alternations in fibrinolysis, 

ongoing inflammatory responses with rising 

inflammatory markers, and more recently free 

radicals-mediated oxidative stress play a vital role 

in the mediation of atherothrombosis appear to play 

an important role in the mediation of 

atherothrombotic.5 Smoking cigarettes raises 

plasma catecholamine levels, which causes lipolysis 

and the production of free fatty acids, which the 

liver absorbs. The lipid-driven inflammatory 

disease of the artery wall is known as 

atherosclerosis.6  Low-Density Lipoprotein-

Cholesterol (LDL-C) and Very Low-Density 

Lipoprotein-Cholesterol (VLDL-C) are toxic to cells, 

while HDL-C (High-Density Lipoprotein-

Cholesterol) is a protective factor against coronary 

atherosclerosis.5  Tobacco smoking has been linked 

to higher levels of total cholesterol, triglycerides, 

LDL–C, VLDL, and lower levels of HDL–C, 

according to a previous study.7,8,9 Other research, 

however, has yielded contradictory outcomes.10 

Cigarette smoking appeared to accelerate 

atherosclerosis in part due to its effect on lipid 

profiles.11,12 It's also been discovered that the 

amount of cigarettes smoked is closely tied to the 

chance of developing cardiovascular diseases LDL-

C, IDL-C, and VLDL are all potentially atherogenic 

apoB-containing lipoprotein particles. Non-HDL-C 

is a progressive measure that includes all possibly 

atherogenic apoB-containing lipoprotein particles.13  

The liver is the body's main gland, and it plays a 

variety of roles in the control of numerous 

physiological activities. As a result, fatal liver 

disease could be the major cause of mortality. Drug-

induced liver damage would be one of those life-

threatening disorders that necessitate extensive 

clinical and surveillance assessments.14 Breathing 

small quantities of gasoline fumes can cause nasal 

and throat irritation, as also headaches, dizziness, 

nausea, vomiting, confusion, and breathing 

difficulties. Dermal contact with gasoline can cause 

rashes, redness, and swelling, along with many 

other symptoms. Although allergic reactions 

(hypersensitivity) have been observed, they are 

uncommon.15 Long-term exposure to gasoline can 

cause hepatotoxicity, and the severity of benzene 

poisoning is dependent on the amount, route, and 

length of time of exposure, as well as the exposed 

person's age and pre-existing medical condition.16  

The most typically requested tests for heart and 

liver investigations are lipid profile and liver 

function tests (LFTs).17 As a result, the goal of this 

study was to determine the impact of gasoline 

exposure combined with smoke on the lipid profile 

parameters and liver function tests in gasoline 

station workers in Zakho, Duhok City, Kurdistan 

Region, Iraq.  

Methods 

The study included 95 male adult volunteers from 

Zakho city, who worked with gasoline and were 

exposed to different fuel derivatives and provided 
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informed consent to participate in the research. Age 

and sex-matched seemingly healthy non-exposed 

people from various locations in Zakho served as 

the controls. Participants with the following criteria 

were excluded from the study: people diagnosed 

with cardiovascular disorders, those with a family 

history of malignancies, subjects with chronic renal 

and respiratory disease, individuals on 

corticosteroid therapy, radiotherapy or 

chemotherapy, liver damage or disease, and those 

who were already taking medication that affected 

their cardiovascular and liver functions.  

Questionnaire interviews were used to collect data 

over three months, concentrating on socio-

demographic information, periods of exposure, 

time of working (hours/day), health conditions, and 

habits of smoking. A standard technique was used 

to collect the blood. To reduce errors, the blood 

sample container was tagged with the participant's 

name.  A blood sample was collected from the 

peripheral vein on the arm of each of the volunteers 

by venipuncture using a sterile 10ml needle and 

syringe. 7mls of venous blood was taken and 4mls 

were transferred immediately into a sterile labeled 

plain vial while 3mls were transferred into well-

label potassium EDTA anticoagulant vials. The 

blood in the plain vial was allowed to clot and 

retract. It was centrifuged at 18000g, serum 

extracted, for heart and liver enzyme assay. 

This investigation was carried out after the research 

and ethical committee of Zakho University's 

Department of Biology Faculty of Science proved 

(5/238) its permission. To get authority to conduct 

biochemical analysis in the central laboratories, an 

official letter of request was issued to Bedare 

Hospital. After describing the study's goal, all 

research participants gave their written informed 

consent to participate willingly. 

Data obtained were presented as median ± S.E.M.  

One-way ANOVA followed by Bonferroni post hoc 

test comparison was used to compare among 

control, non-smoking exposure, and smoking 

exposure groups. All statistical tests were two-

tailed and a (P≤0.05) was considered statistically 

significant. All the calculations and statistical 

analyses were performed using GraphPad Prism 7 

(GraphPad Software, San Diego, California, USA). 

 

Results 

The information about the participants' 

demographics was acquired from a record based on 

the service station employees. The participants' 

ages ranged from 23 to 53 years for nonsmokers 

(mean 33.43 years), 31.82 for smokers in the exposed 

group, and 20 to 53 years for the unexposed group 

(mean 40.03 years). Workers were employed for 3 to 

35 years and were exposed to various fuel 

derivatives for at least 10 hours per day (Table 1).  

Figures 1, 2, and Table 2 show the mean level of 

cholesterol (mg/dl), HDL-4 (mg/dl), LDL-C (mg/dl), 

Triglyceride (mg/dl), VLDL (mg/dl), and Liver 

enzymes of workers exposed to gasoline including 

smokers and non-smokers in comparison to the 

unexposed group. The mean results of the exposed 

non-smoker group provided the following values 

for cholesterol (161.9 ± 2.95), HDL-4 (39.03 ±1.23), 

LDL-C (120.2 ±1.16), Triglyceride (177.9 ±37.54), and 

VLDL (20.08 ±1.12). Whereas, in the case of the 

exposed smoker group, mean values of (165.7 ± 

3.19), (39.38 ±1.26), (118.7 ±2.41), (121.2 ±6.55), and 

(23.38±1.39) were obtained for cholesterol (mg/dl), 

HDL-4 (mg/dl), LDL-C (mg/dl), Triglyceride 

(mg/dl), and (VLDL (mg/dl), respectively. For 

Control were cholesterol (126.9 ± 6.01), HDL-4 

(44.98 ±0.64), LDL-C (102.2 ±2.28), Triglyceride 

(107.3 ±2.597), VLDL (22.11 ±1.288). Comparing the 

two sub-groups with the control indicated, the 

(cholesterol, HDL-4, and LDL-C) parameters were 

significantly different, whilethe  parameters for 

(Triglyceride and VLDL) were insignificant. 
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Table 1. Some of the demographic Criteria for Participation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison graph for levels of total plasma cholesterol (A), LDL-4 (B), HDL-C (C), triglycerides (D), 

and VLDL (E) in the Non-smoker (NSE) and smoker (SE) group compared with non-exposed controls (cnt); 

*: p<0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison graph for levels of Liver enzyme: ALP (A), AST(B), ALT (C), IND-BIL(D), D-BIL 

(E), Total Bill (F) in the Non-smoker and smoker group compared with non-exposed controls; *: p<0.05 

 

 

 

Demographic 

Criteria control 

Non-Smoker 

Exposure 

Smoker 

Exposure 

Age 40.03 33.43 31.82 

Weight 75.33 79.64 75.61 

Years/work - 11.43 16 

Exposure hours - 10 10 

packet - NO 1-4 packet 
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Table 2. The effect of gasoline inhalation on lipid profile parameters among smoker and nonsmoker 

gasoline exposure workers 

 

 

Values are means±SEM (n=96), a P<0.05, significant 

change concerning the control group, ***changes 

between P<0.01 and P<0.001, SEM: Standard error 

of the mean, HDL-C, high-density lipoprotein 

cholesterol; LDL-C, low-density lipoprotein 

cholesterol, VLDL: Very-low-density lipoprotein 

cholesterol. 

The blood ALP level for the exposed group of 

smokers was 140.7± 11.85 mg/l higher than the 

exposed group of non-smokers which was 98.14 ± 

4.99 mg/l, both of them were significant when 

compared with the control. On the other hand, the 

AST concentration for the exposed group of 

smokers was 38.1 ± 1.95 mg/l which was 

insignificantly higher than the mean value for the 

non-smokers exposed group 34.93 ±0.49 mg/l, both 

of them were insignificant when compared with 

control. The mean levels of alanine transaminase 

(ALT) of all participants were evaluated. The result 

revealed a significant (P=0.05) increase in ALT in the 

smoker and non-smoker exposed groups 

(34.93±0.49 and 38.1±1.95 mg/l), respectively, when 

compared with the control (26.54 ± 1.98 mg/l). 

However, the D-BILL concentration for the exposed 

group of smokers was 0.2556 ± 0.017 mg/l which 

was insignificantly higher than the mean value for 

non-smokers in the exposed group (0.2082 ±0.02 

mg/l). The result of the study revealed a significant 

decrease (P≤0.001) in the mean IND-BILL in the 

nonsmoker-exposed group. A significant decrease 

was noted between both control and non-smokers 

exposed groups for both total bilirubin and indirect 

bilirubin. Data from Table 3 indicated indirect 

bilirubin in the exposed group of smokers increased 

significantly in comparison to the control. On the 

other hand, the mean of total bilirubin decreased 

significantly in the non-smoker smoke-exposed 

group in comparison to the control (0.911± 0.062 

control, 0.4369± 0.044 non-smokers, and 0.4805± 

0.046 smokers). (Figure 2, Table 3).

Table 3. The effect of gasoline inhalation on liver function among smoker and nonsmoker gasoline exposure 

workers. 

 

 

 

 

 

 

 

 

Values are means ± SEM, a P<0.05, significant 

change concerning the control group, *, ** and *** 

changes between P<0.01 and P<0.0001, SEM: 

Standard error of the mean, ALP: Alkaline 

phosphatase, AST: Aspartate aminotransferase, 

ALT: Alanine aminotransferase, D-BILL: direct 

bilirubin, IND-BILL indirect bilirubin, TOT-BILL: 

Total bilirubin. 

Parameter 
control 

Non-Smoker 

Exposure Smoker Exposure P-value 

Cholesterol (mg/l) 126.9 ± 6.01 161.9 ± 2.95 *** 165.7 ± 3.19 *** < 0.0001 

HDL4 (mg/l) 44.98 ±0.64 39.03 ±1.23 *** 39.38 ±1.26 ** < 0.0001 

LDL-C (mg/l) 102.2 ±2.28 120.2 ±1.16 *** 118.7 ±2.41 *** < 0.0001 

Triglyceride (mg/l) 107.3 ±2.597 177.9 ±37.54 121.2 ±6.55 0.0603 

VLDL (mg/l) 22.11 ±1.288 20.08 ±1.12 23.38±1.39 0.1829 

Parameter 
Control 

Non-Smoker 

Exposure 

Smoker 

Exposure P-value 

ALP (mg/l) 66.92 ± 2.38 98.14±4.99 * 140.7± 11.85 *** < 0.0001 

AST (mg/l) 25.67  ± 1.81 29.45 ± 0.89 37.69 ± 7.24 0.1391 

ALT (mg/l) 26.54  ± 1.98 34.93  ±0.49 ** 38.1 ± 1.95 *** < 0.0001 

D-BILL (mg/l) 0.254 ± 0.02 0.208 ±0.015 0.256 ± 0.017 0.1444 

IND-BILL (mg/l) 0.5385± 0.04 0.2628 ± 0.03 *** 0.3626 ± 0.04  ** < 0.0001 

TOT-BILL (mg/l) 0.911± 0.062 0.4369± 0.044 *** 0.4805± 0.046 *** < 0.0001 
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Discussion 

The risks of gasoline exposure are caused by 

chemicals in the gasoline mixture, such as xylenes 

toluene, ethylbenzene, benzene, and methyl tertiary 

butyl ether (MTBE). The CNS is the most common 

systemic impact of acute gasoline exposure, but 

respiratory tract irritation and hematological effects 

such as anemia and hypothermia can also occur at 

high concentrations. Chronic sniffing of gasoline 

has been linked to cardiac problems, as well as 

gasoline being a hepatotoxic substance.17 Recently, 

it has been indicated by Rahimi et al (2020), that 

gasoline elevated proteinuria, liver enzymes, and 

fatty liver changes among exposed workers.18 

Through an oxidative process known as CYP450 

2E1, gasoline hydrocarbons that are inhaled are 

digested in the liver, releasing free radicals and 

quinine metabolites such as hydroquinone, 

benzoquinone, phenol, and 1,2,4 benzenetriol. By 

these free radicals and hazardous metabolites, lipid 

peroxidation and damage to the hepatic plasma 

membrane are caused.19 Assessment of cardiac 

parameters and liver enzymes may provide 

significant information regarding the effects of 

gasoline and smoke products on the heart cells and 

liver in Iraq because there are no legal guidelines or 

supervision for fuel components.2 

Because of the predictive relationship between 

blood lipids and cardiovascular disorders, 

particularly coronary artery disease, measuring 

blood lipids in the clinical laboratory has become 

increasingly relevant. Total cholesterol, 

triglycerides, HDL cholesterol, and LDL cholesterol 

are frequently measured in lipid profiles during 

health screenings. The total cholesterol, LDL-C, 

increased statistically significantly as a result of this 

investigation. Smoking is linked to significantly 

higher total cholesterol and low-density lipoprotein 

levels in the blood (LDL). Triglycerides were found 

to be greater in the non-smoker exposure group. 

Smoking, on the other hand, lowers HDL 

cholesterol levels in the blood, which is a strong 

preventive factor against the development of 

atherosclerosis. These findings could be linked to 

exposure and inhalation of the hydrocarbon 

component of gasoline and cigarette smoke, both of 

which can produce oxidative stress due to reactive 

oxygen species (ROS). Tobacco smoke contains 

around 5000 hazardous chemical constituents, 

including polycyclic aromatic hydrocarbons 

(PAHs), free radicals, and oxidative gases.20 As a 

result, in addition to inducing ROS intracellularly, 

the components of cigarette smoke suppress 

intracellular antioxidant systems, resulting in 

oxidative stress.21 Pollutants in the environment, 

such as gasoline fumes, have been shown to 

increase oxidative stress in cells. When breathed, 

fumes from petroleum products can be degraded as 

xenobiotics through a sequence of reactions and 

biotransformations. During these reactions and 

biotransformations, ROS are created as undesirable 

by-products. Free radicals, which are produced by 

cigarette smoke, are thought to have harmful 

consequences, causing oxidative stress.22  

Oxidative stress occurs when the cell's ROS and 

antioxidant systems are out of equilibrium.  Under 

healthy settings, the cell produces ROS through 

oxygen metabolism, which is crucial for cellular 

signaling and is also harmless. Excessive formation 

of reactive oxygen species (ROS) causes lipid 

peroxidation, DNA strand breakage, and other 

impairments to the structure and functionality of 

cells when oxidative stress is present.23 Extrinsic 

and intrinsic ROS can accumulate inside cells. 

Inhaled hazardous gases are the principal source of 

exogenous ROS (e.g., cigarette smoke, car exhaust 

fumes, and environmental pollutant). Peroxisomes, 

mitochondrial respiration, the NADPH oxidase 

system, and inflammatory cells, among other 

sources, create endogenous ROS.24 The findings of 

this study, like those of many others, showed that 

cigarette smoke contributes to oxidative stress. In a 

case-control study involving 78 smoking and 82 

nonsmoking men, Karademirci et al.(in press) 

found that the total antioxidant status (TAS), 

vitamin C, and vitamin E values were considerably 

higher in the nonsmoker group than in the smoker 

group. The smokers had increased total oxidant 

status and oxidative stress index values.25 Other 

animal investigations have shown that cigarette 

smoke intake results in diminished and faulty 

antioxidant defense (decreased glutathione 
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peroxidase and superoxide dismutase activity, 

increased lipid peroxidation, and mitochondrial 

dysfunction) that causes a rise in H2O2 production.26 

As a result of this imbalance, oxidative stress caused 

by tobacco smoking causes greater heart damage.27 

The communication of NO with free radicals in 

smoke reduces NO's bioactivity, influencing its 

vasodilatory, antithrombotic, antioxidant, and anti-

inflammatory effects, as well as its effects on 

endothelium permeability and myocardial 

function.18,28 

In recent years, academics have been particularly 

interested in the physiological impacts of gasoline 

and smoking. In four primary studies, demographic 

data, smoking status, and other background 

information were gathered.19 In five investigations, 

the frequency of cigarette smoking was recorded in 

both exposed and unexposed groups.29 In terms of 

liver function measures, our findings revealed that 

non-smokers and smoke-exposed individuals had 

higher ALP, AST, and ALT levels than unexposed 

workers. Furthermore, the average levels of ALP 

and ALT were considerably higher in the smoker 

group, with no significant variations in AST levels 

between the exposed and unexposed groups. 

Smoking has been linked to an increase in liver 

enzymes and the development of chronic renal 

disease.30 Furthermore, smoking has been linked to 

liver cancer and chronic renal disease, as well as an 

increase in liver enzymes.31 Nicotine's poisonous 

components (CO, cyanide, potassium nitrate, 

cadmium, chloroform, vinyl chloride, and copper) 

are to be regarded.32 

Some components of the smoke can inhibit the 

establishment of intracellular junctions, which can 

lead to tissue damage.33 The rates of IND BILL and 

Total BILL were increased, according to the findings. 

Even though D-BILL was not statistically significant, 

it did indicate a little rise in the smoking exposure 

group, suggesting that environmental hazardous 

chemicals may hurt the liver. This data can be 

attributed to enzyme leakage, primarily as a result 

of enhanced cell membrane permeability. In 

addition, the liver is responsible for the metabolism 

of hazardous chemical compounds, which explains 

why the organ is susceptible to metabolic-induced 

hepatotoxicity.34 

In addition, multiple investigations found that 

employees subjected to organic solvents had much 

higher liver enzymes than controls, supporting the 

current findings. Similar to our data, two of the 

investigations have reported an elevation in ALT 

and AST among the exposed than the unexposed 

group.35 Furthermore, another study reported an 

increase in ALT and AST among the exposed group 

and similar concentrations in direct bilirubin and 

ALP in both exposed and unexposed persons.36 

While, on the other hand, Akinosun et al. record 

lower concentrations of ALT, AST, total protein, 

total albumin, and total bilirubin in both exposed 

and unexposed groups.37 Workers in refueling 

stations had higher levels of ALT and AST 

enzymatic activity than those in the control group.38 

Contrary to popular belief, exposure to a variety of 

organic solvents does not affect the levels of liver 

enzymes such as ALT and AST.39 Some 

investigations, however, have found that exposure 

to a mixture of organic solvents did not affect the 

levels of liver enzymes like ALT and AST.40 

Furthermore, the hallmark liver alterations (e.g., 

elevated ALP, ALS, and ALT) are depending on the 

method of administration (e.g., inhalation vs. 

cutaneous absorption), dose, and exposure period.41 

Another study conducted by Mohammed in 

Sulaimaniya City (Iraq) discovered changes in the 

hematological and biochemical profiles of gasoline 

station personnel, smokers, and non-smokers who 

were occupationally exposed to gasoline in 

connection to the observed lead levels.42 

Conclusion  

Based on the findings of this study, we can conclude 

that the harmful effects of gasoline, particularly 

when combined with smoking, are linked to 

negative health effects such as lipid profile 

parameters and liver, and that people who smoke 

are at a higher risk of having heart and hepatic 

diseases. 
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     ABSTRACT  

Introduction: Plastic waste is considered one of the common vital waste problems in 

developing countries such as Indonesia. One proposed alternative way to reduce 

plastic waste is by reusing and recycling it into bricks. Eco-bricks are a form of recycled 

plastic waste that can be used as an alternative building construction material. 

Unfortunately, manufacturing workers do not ergonomically perform this work 

during their working hours. Therefore, it causes inappropriate body postures and 

leads to musculoskeletal disorders easily. This study intends to identify the posture of 

workers in the manufacture of eco-bricks in Indonesia 

Methods: A cross-sectional study was done with purposively selected 32 eco-bricks 

workers from 10 waste bank communities in Central Java and Yogyakarta. Sampling 

was done by snowball method. This research was conducted by interviewing and 

collecting data on body complaints using a Nordic Body Map (NBM) questionnaire. 

Results: All respondents (100%) experienced musculoskeletal disorder complaints 

while producing eco-bricks. Based on the results gained from the Nordic Body Map 

Questionnaire, the common complaints perceived by eco-bricks workers are upper 

neck, lower neck, back, waist, buttock, and bottom. In addition, workers also 

perceived complaints on the right side of the body, particularly the right shoulder, 

right upper arm, right elbow, right lower arm, right wrist, and right hand 

Conclusion: Working postures that are not well-organized in terms of ergonomics 

during the production process of eco-bricks will provoke complaints on the limbs 

caused by the continuous load on the muscles on the right side of the body. 

Keywords: Eco-brick, Nordic Body Map, MSDs, Plastic waste 

 

 

Introduction 

Waste management is identified as one of many 

severe environmental problems. Waste problems 

can surely disrupt the environment around the 

community, such as soil pollution. A polluted 

environment will also have an impact on public 

health. There are several causes for the increase in 

waste, specifically the increase in population, the 

level of community activity, the socio-economic 

level of the community, technological advances, 

and also the pattern of people's lives.1 Technological 

boost also increases the amount of waste. It can be 

seen from the use of personal devices and 

frequently updating them to the latest ones.2 The 

world population is rapidly increasing that it 

produces waste more and getting worrying. 

Various types of waste have been generated in 

various countries, and also numerous 3R programs 

(Reuse, Reduce, and Recycle) have been proposed 

to reduce waste that can affect the environment.3  

Reduce, reuse, and recycle are now recognized as 

important waste management principles around 
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the world to avoid high tipping fees due to a 

scarcity of landfill sites. The significant increase in 

the amount of waste in developing countries has led 

to an increase in environmental impacts and health 

problems.4 Waste reduction in the community can 

be controlled by the community setting into a useful 

product that has economic value.1 

Plastic waste is identified as a prominent problem 

in developing countries such as Indonesia. In this 

instant era, plastic wrappers are easily found 

everywhere. Plastic packaging is widely used in 

everyday life because of its high-performance 

features and low production costs.5 Besides, plastics 

are also made of chemical polymers that cannot be 

degraded naturally so that plastic will not 

decompose even if buried.6 Combinations of 

synthetic polymers such as polyethylene, 

polyamide, polypropylene, polystyrene, 

polyethylene terephthalate, and polyvinyl chloride 

are often used as packaging materials.7 Polymer 

waste such as post-consumption plastic is the main 

component of solid waste that creates a very large 

environmental burden because it is not easily 

degraded.8 Plastic waste can pollute the 

environment caused by carbon bonds, both primary 

carbon and secondary carbon in plastic packaging.9 

Therefore, it is necessary to manage plastic waste 

into new and valuable products.  

Most of the plastic waste in the community is only 

dumped in rivers and the sea. The study found 

around 10 million tons of plastic waste was dumped 

into the sea which ultimately had an impact on 

marine life.10 High-Density Polyethylene (HDPE), 

Low-Density Polyethylene (LDPE) and 

Polyethylene (PET) are the most widely used 

materials for plastic packaging and plastic bottles. 

The process of recycling plastic waste is one way to 

reduce the amount of waste in the community. One 

form of recycling is to make a useful product from 

plastic waste. The products produced from 

inorganic waste processing include wallets, bags, 

plastic flowers, and other forms of crafts.11  

In addition to crafts, plastic waste can also be used 

for various mixtures in the manufacture of asphalt, 

road construction, paving blocks, bricks, and eco-

bricks.12-17 Recycling is one of the technologies that 

can be adopted in waste management after the 

process of preventing, minimizing,g and reusing 

waste 18,19. There are 3 types of low-cost construction 

developed in the construction sector, namely social-

based low-cost construction consisting of 3 

materials like wood plastic composite, tetra pack 

chip panels, and PET eco brick.  

One environment-friendly alternative is to use PET 

plastic bottles to be used as bricks.20Plastics have 

properties that are durable and corrosion resistant. 

Besides, they are also energy efficient, economical, 

have long life spans, and are also lightweight. In 

short, the eco-brick concept might be used as an 

alternative building construction material. Those 

contemplate the reasons why eco-bricks might be 

utilized as a choice for building construction 

materials.6,21-23 Furthermore, the reuse of PET plastic 

bottles as building materials will have a good effect 

on energy savings and also will reduce CO2 

emissions.20 The performance of eco-brick as a 

construction alternative depends on the material 

used and the power to fill the bottle. Construction 

materials using eco-bricks have been used by 

Rohingya refugees in Bangladesh to be adopted as 

houses. 22-24 

Waste management in Indonesia is mostly carried 

out by waste banks. The waste bank becomes of the 

activities to reduce waste by implementing 

community-based of 3Rs. The basic principle of 

waste banks in all provinces in Indonesia is 

collecting, storing, producing, changing behavior, 

and enjoying a clean environment. In the other 

concept of a waste bank, plastic waste can be reused 

for an economic transaction. In the waste banks, all 

PET bottles make some eco-bricks to reduce plastic 

waste to be disposed of in a landfill. 

The eco-bricks have some advantages. Besides their 

strength and durability, eco-bricks are also long-

lasting because of the original nature of the plastic 

which is water-resistant and does not decompose 

easily. However, it takes a long time to produce eco-

bricks. Based on the observations addressed, it can 

be seen that the average time required to compact 

plastic pieces into 1 full bottle is approximately 27 

minutes. Factors that affect its time-consuming 

compacting process are the location of the empty 

bottle holder and placing the filled bottle beyond 

the working range. The basin used for the small 

plastic piece container is only able to accommodate 

as many as 300 grams of plastic pieces so you have 

to repeatedly fill the material into the container and 

scatter tools. 

In addition, during the plastic compacting process, 

most workers complained of pain, including back 

and neck pain due to a half-bent working position 

for a long and constant time. They also complained 

of leg cramps due to sitting on the floor with legs 

folded or cross-legged for a continued period. 
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Besides, the area around the palms of workers also 

experiences calluses (callus). This makes workers 

uncomfortable in carrying out activities. Poor work 

posture will cause disorders of the skeleton or 

disorders of musculoskeletal disorders. 

Musculoskeletal disorders (MSDs) are injuries to 

the muscles, nerves, tendons, ligaments, joints, 

cartilage, or spinal discs. Continuous work and 

improper posture will also increase the possibility 

of MSD risk factors for workers.25 

Several former studies have assessed MSDs in 

various construction fields as well as in material 

handling. Galuh Sista, et al analyzed work posture 

and MSD complaints in batik workers. while 

Widyanti, et al also conducted an ergonomic 

analysis on mothering and child activities. In 

addition, Ijaz, et al conducted a quantitative and 

qualitative assessment of MSD disorders in the 

brick industry in Pakistan.25,26,27 The method used in 

this study is the standard Nordic Body Map 

Questionnaire and RULA. The use of the Nordic 

Body Map Questionnaire method was also 

conducted by Okka, et al. 28 This study was carried 

out by analyzing the body posture of workers in 

SMEs. In addition, Ismayenti, et al also applied the 

Nordic Body Map to analyze fatigue and MSD 

complaints on garment sewing operators.29 

However, there has been no former study 

evaluating the body posture in eco-bricks 

manufacturers. Therefore, this study aims to 

analyze the body posture of workers in the 

manufacture of eco-bricks as many complaints felt 

by operators of eco-bricks. 

Methods 

This research was conducted in Yogyakarta and 

Central Java. There were 32 respondents from 10 

waste bank communities in Central Java and 

Yogyakarta incorporated in this study. This study 

purposively selects 32 respondents by using the 

Slovin method with an acceptable error of 10 

percent. Sampling in this study by snowball 

sampling.  The type of research used in this study is 

observational with a cross-sectional study approach. 

This research was conducted by interviewing and 

collecting data on body complaints using a Nordic 

Body Map (NBM) questionnaire. The NBM 

questionnaire is used for the identification of 

musculoskeletal disorders, the detailed 

questionnaire used can be observed in  Figure 1.

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Nordic Body Map Questionnaire (Source: https://pei.or.id/) 

 

The respondents filled in personal data before 

doing the questionnaire such as name, age, height, 

weight, years of service, and average working hours 

per day. In addition, the researchers explained the 

implementation of the research. Then the 

respondents were asked to fill out an agreement to 

take part in the study. Furthermore, respondents 

were asked to fill out a Nordic Body Map (NBM) 

questionnaire containing 28 extremities that 

experienced musculoskeletal complaints by placing 

a checkmark on one of the MSD complaints options, 

namely no pain, mild pain, pain, and very painful. 

Measurement of Body Mass Index (BMI) is done by 

calculating height and weight. According to WHO 
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BMI was categorized into severely underweight 

(BMI < 18.5), normal (BMI 18.5-24.9), overweight 

(BMI 25-29.9), and obese (BMI 30).32,33  To calculate 

Body Mass Index (BMI), respondents were required 

to measure their height and weight. BMI is 

computed as body weight in kilograms divided by 

the square of height in meters (kg/m2) and is 

categorized into four groups according to WHO. 

The division of BMI according to WHO is 

determined as underweight (BMI < 18.5), normal 

(BMI 18.5-24.9), overweight (BMI 25-29.9), and 

obese (BMI 30). 

Results 

The respondents of this research are 32 eco-brick 

craftsmen in Central Java and Yogyakarta. The 

respondent's character data were analyzed based 

on age, weight, height, working years, operational 

time, and also BMI.  

Subject character data was summarized in mean 

and standard deviation. The measurement of age is 

based on the date of birth written on their national 

ID card, gender is a phenotypic feature that can be 

seen. Detailed data on the characteristics of the 

respondent might be observed in Table 1. While the 

age and gender data are displayed in Table 2.

. 

Table 1: The characteristics data of the respondents 

Description 
Average 

(n=32) 

StdDev 

(n=32) 

Age 44.4 7.8 

Height (cm) 162.0 4.0 

Weight (kg) 67.4 12.8 

experience (year) 3.4 1.0 

Working hours/day  3.1 0.7 

BMI  25.7 5.1 

 

Table 2: The age and genders of the respondents 

Variable Characterization Frequency 
Percentage 

(%) 

Age 

20-30 1 3% 

31-40 9 28% 

41-50 16 50% 

51-60 6 19% 

Gender 
Male 6 19% 

Female 26 81% 

 

 

Figure 2: Distribution of Body Mass Index of respondents according to WHO 

 

The results of the BMI distribution show that 6% of 

respondents are underweight, 47% of respondents 

are in the normal category, the overweight category 

of respondents has a value of 22%, and 25% of 
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respondents are in the obese category Figure . The 

BMI of each population has a different value, this 

depends on environmental factors, such as the 

amount of physical activity and diet. A high 

percentage of BMI reflects a higher risk of disease.34 

The Body Mass Index of eco-bricks makers ranges 

from 17.15 to 36.51. 

Furthermore, the results of the grouping of all 

respondents might be observed in Table 3. Table 3 

presents the complaints experienced by 

respondents. Most of those who belong to the 

category of underweight, normal, overweight, and 

obese had complaints in 3 parts of the body. They 

are the neck, shoulders, and back. Meanwhile, most 

workers who belong to the normal category have 

complaints about the right shoulder. 

 

Table 3: Classification of complaints experienced by the respondent 

 

BMI 
Neck Shoulder 

Back 
Upper Lower Left Right 

Underweight 

(n = 2) 
2 2 0 2 2 

Normal 

(n = 15) 
4 15 0 15 15 

Overweight 

(n = 7) 
7 7 0 7 7 

Obese 

(n = 8) 
8 8 0 8 8 

 

 

Based on the results of the Nordic Body Map questionnaire filled up by the respondents, it was also found 

that there are several complaints about the members of the workers' bodies can be seen in Table 4. The detailed 

prescribed complaints might be seen and analyzed in Figure 3. 

  

Table 4: Distribution of complaints by respondents 

 

No Part of body 

Complaints 

Not Pain 
Moderate 

pain 
Pain 

Very 

Painful 
Total 

N % N % N % N % N % 

1. Upper neck 0 0 6 19 26 81 0 0 32 100 

2. Lower neck 0 0 1 3 31 97 0 0 32 100 

3. Right Shoulder 0 0 2 6 30 94 0 0 32 100 

4. Back  0 0 1 3 31 97 0 0 32 100 

5. Right Lower arm 1 3 3 9 28 88 0 0 32 100 

6. Waist 0 0 1 3 31 97 0 0 32 100 

7. Buttock 0 0 2 6 31 97 0 0 32 100 

8. Bottom 0 0 2 6 30 94 0 0 32 100 

9. Right Elbow 1 3 28 88 3 9 0 0 32 100 

10. Right Upper arm 2 6 1 3 29 91 0 0 32 100 

11. Right wrist 1 3 3 9 28 88 0 0 32 100 

12. Right hand 0 0 1 3 31 97 0 0 32 100 
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Figure 1: Nordic Body Map questionnaire results 

Figure 3: Nordic Body Map questionnaire results 

 

Statistical analysis was assessed using the chi-

square test. The statistical analysis was done using 

SPSS produced p value >0.05, which means that 

there is no relationship between gender with body 

parts grievance. It is also possible that it is the result 

of a habit of working with a workload that exceeds 

the limit of muscle strength. Also, their work 

posture is unusual, and their body part moves away 

from their natural position on a continuous and 

long-term basis because the space for movement is 

limited and the equipment used is still traditional.  

The p-value > 0.05 means that there is no 

relationship between gender with body parts 

grievance. It is also possible that it is the result of a 

habit of working with a workload that exceeds the 

limit of muscle strength. Also, their work posture is 

unusual, and their body parts move away from 

their natural position on a continuous and long-

term basis because the space for movement is 

limited and the equipment used is still traditional. 

The p-value is more than 0.05 which indicates that 

the BMI is not as significant with body parts 

grievance. But in the back, waist, and right-hand p-

value is less than 0.05 which means BMI was 

significant with pain in the back, waist, and right 

hand. Eco-brick workers have several complaints 

Around the palms. Workers also experience 

calluses that cause discomfort in carrying out 

activities Figure 4.  The body position of the 

ecobrick maker can be seen in Figure 5. 
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Table 5: The association between Gender and pain in body parts  

Variables 

Gender 

  

Body grievances 

p-values Yes No 

  N %   % 

Upper neck 
Male 5 16 1 3 

0.885 
Female 25 78 1 3 

Lower neck 
Male 6 19 0 0 

0.625 
Female 25 78 1 3 

Right 

Shoulder 

Male 6 19 0 0 
0.483 

Female 24 75 2 6 

Back 
Male 6 19 0 0 

0.625 

Female 25 78 1 3 

Right Lower 

arm 

Male 6 19 0 0 
0.304 

Female 22 69 4 13 

Waist 
Male 6 19 0 0 

0.625 
Female 25 78 1 3 

Buttock 
Male 6 19 0 0 

0.625 
Female 25 78 1 3 

Bottom 
Male 6 19 0 0 

0.483 
Female 24 75 2 6 

Right Elbow 
Male 1 3 5 16 

0.497 

Female 2 6 24 75 

Right Upper 

arm 

Male 6 19 0 0 
0.382 

Female 23 72 3 9 

Right wrist 
Male 5 16 1 3 

0.732 
Female 23 72 3 9,4 

Right hand 
Male 6 19 0 0,0 

0.625 
Female 25 78 1 3,1 

 

Table 6: The association between the BMI and pain in body parts  

Variables 
Body 

grievances 

  BMI p-

values   underweight Normal Overweight Obese 

Upper 

neck 

Yes 
N 2 11 5 8 

0.338 
% 6 34 16 25 

No 
N 0 4 2 0 

% 0 13 6 0 

Lower 

neck 

Yes 
N 2 14 7 8 

0.760 
% 6 44 22 25 

No 
N 0 1 0 0 

% 0 3 0 0 

Right 

Shoulder 

Yes 
N 1 14 7 8 

0.057 
% 3 44 22 25 

No 
N 1 1 0 0 

% 3 3 0 0 

Back Yes N 1 15 7 8 0.001 
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% 3 47 22 25 

No 
N 1 0 0 0 

% 3 0 0 0 

Right 

Lower 

arm 

Yes 
N 1 12 7 8 

0.139 
% 3 38 22 25 

No 
N 1 3 0 0 

% 3 9 0 0 

Waist 

Yes 
N 1 15 7 8 

0.001 
% 3 47 22 25 

No 
N 1 0 0 0 

% 0 0 0 0 

Buttock 

Yes 
N 2 15 7 7 

0.377 
% 6 47 22 22 

No 
N 0 0 0 1 

% 0 0 0 3 

Bottom 

Yes 
N 2 14 7 7 

0.768 
% 6 44 22 22 

No 
N 0 1 0 1 

% 0 3 0 3 

Right 

Elbow 

Yes 
N 0 1 0 2 

0.339 
% 0 3 0 6 

No 
N 2 14 7 6 

% 6 44 22 19 

Right 

Upper 

arm 

Yes 
N 1 14 7 7 

0.185 
% 3 44 22 22 

No 
N 1 1 0 1 

% 3 3 0 3 

Right 

wrist 

Yes 
N 1 14 7 6 

0.159 
% 3 44 22 19 

No 
N 1 1 0 2 

% 3 3 0 6 

Right 

hand 

Yes 
N 1 15 7 8 

0.001 
% 3 47 22 25 

No 
N 1 0 0 0 

% 3 0 0 0 

 

 

                         

 

 

 

 

 

 

 

            Figure 2: Callus in the hand worker                   Figure 3:  Body Position of eco-brick worker 
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Discussion 

The findings from the Nordic body map survey 

revealed that there is no relationship between 

gender and body parts grievances. But the 

relationship between BMI and body parts 

grievances was statistically significant with pain in 

the back, waist, and right hand. Being overweight 

and obese are some of the common health problems 

that greatly affect medical conditions. Elevated BMI 

conditions have been identified as an independent 

risk factor that can lead to musculoskeletal 

disorders (MSDs).35 Research from Viester, et al 

illustrates that BMI conditions affect several body 

parts, including the neck, shoulders, and back.36 In 

this study, the complaints of respondents who 

answered moderate pain, pain, and very painful 

were grouped as complaints of having overall 

musculoskeletal symptoms, while those who 

answered not pain were classified as having no 

musculoskeletal symptoms. It is well known that 

people with a higher body mass index (BMI) have 

more musculoskeletal pain than people with a 

lower BMI. BMI is an independent risk factor for the 

development of MSDs, as well as an increase in 

MSD prevalence over 12 months.37 

When the body moves, it uses ATP (adenosine 

triphosphate) and calcium energy to contract 

muscles. When muscles use ATP for contraction, it 

is directed by anaerobic metabolism, or fuel 

metabolism without oxygen, which causes fuel 

damage and the formation of lactic acid. Muscle 

pain is caused by an accumulation of lactic acid. 

Muscle complaints occur when the muscles 

continue to contract without the possibility of 

relaxation.38 

Several studies on MSDs complaints experienced by 

workers showed its impact on the back and 

shoulder muscles. This complaint is often 

experienced by workers who carry out constant 

movements without taking a rest for several hours. 

In this study, out of 32 respondents from waste 

bank workers, it was found that 100% of the 

respondents experienced MSDs complaints. This 

questionnaire was filled out by asking for 

complaints for 1 year doing the same job. 

Musculoskeletal disorders (MSDs) are a major 

health problem in the working community, with 

low back pain (LBP) being one of the most common 

MSDs. MSDs have a high impact on individual 

workers, due to problems such as pain and 

limitations in daily activities. This MSDs' complaint 

is the result of repetitive movements that are carried 

out continuously.30 

Based on Figure 3, the most common complaints felt 

by eco-brick workers are on the upper neck, lower 

neck, back, waist, buttock, and bottom. In addition, 

workers also feel complaints on the right side of the 

body, particularly the right shoulder, right upper 

arm, right elbow, right lower arm, right wrist, and 

right hand. The complaint on the right is due to the 

rest on the right side of the body while working on 

the waste banks.39,40 Besides, the back is one of the 

body parts that are vulnerable because of the 

mechanism of the human body, the tissues, 

structures of the vulnerable spine, and bring in the 

weight-bearing muscle aspect. Work postures that 

are not ergonomic will drive workers to do a 

coercive attitude during their work. The working 

position of eco-brick workers is less ergonomic and 

there is a continuous load on the muscles on the 

right side of the body. This will result in trauma and 

a form of injury that is manifested by pain or 

tingling, swelling, and muscle weakness.37,41 There 

is a possibility that waste bank workers experience 

MSDs due to the habit of doing work with a 

workload that exceeds the limit of muscle strength. 

This study can be used as a surveillance program 

for risk implications for eco-brick workers. 

However, the prevention of MSDs can be 

performed by attending ergonomic training 

programs and doing starching breaks in the 

muscles so that workers get more comfort in their 

workplace. 

Conclusions 

The results of the analysis showed that all eco-brick 

workers experienced MSDs complaints. Besides, 

based on the results of the Nordic Body Map 

Questionnaire, the common complaints felt by eco-

brick workers are on the upper neck, lower neck, 

back, waist, buttock, and bottom. In addition, 
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workers also feel complaints on the right side of the 

body, particularly the right shoulder, right upper 

arm, right elbow, right lower arm, right wrist, and 

right hand. in addition, the BMI analysis showed 

the complaints experienced by 32 respondents can 

be categorized into 4 BMI categories, namely 

underweight, normal, overweight, and obese. Eco-

brick workers who are included in the normal 

category have complaints in the form of a right 

shoulder. In short, workers categorized as 

underweight, normal, overweight, and obese have 

neck, shoulder, and back complaints. Further 

detailed research is warranted for this area of study 

using detailed ergonomic assessments. 
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Safety Data in a Hospital: A Retrospective Study 

 
Solmaz M1, Solmaz T2 

1Tokat Gaziosmanpaşa University Tokat Vocational School of Health Services, Tokat, Turkey 

2Tokat Gaziosmanpaşa University Faculty of Health Sciences, Department of Nursing, Tokat, Turkey 

ABSTRACT  

Introduction: Occupational accidents are increasing every year around the world. The 

fact that accidents will be repeated as a result of not learning the lessons is constantly 

forgotten. Occupational accidents should be examined based on the "Root Cause" ap-

proach. Within the scope of the information obtained as a result of the analysis studies 

on the causes of occupational accidents, the institutions need to make a plan to prevent 

the reoccurrence of the accidents. This study was carried out retrospectively to examine 

the root cause analysis process of occupational accidents that occurred in a state hospital 

and to examine how it was applied in the health facility. 

Methods: The population of the research consists of occupational accident records that 

occurred in a state hospital between January 2018 and April 2021. (N=156). In the analysis 

of the data; Root cause analysis forms and number-percentage distributions were used 

to identify all factors that could cause a particular problem. 

Results: Of those who had occupational accidents, 67.94% were women, 45% were 

nurses, 25 were cleaning staff and 3% were physicians. Fifty percent of the accidents oc-

curred in inpatient services, 15% in emergency services, and 15% in intensive care units. 

Causes of accidents; needle-stick injuries (71.8%) are the most common occupational ac-

cidents. These injuries are followed by slipping and falling (14.7%).   

Conclusion: By establishing a safety culture that monitors occupational accidents at the 

institutional level, evaluates their consequences, and develops precautions, the probabil-

ity of occupational accidents will decrease. And the costs and compensations that will 

occur after the accident will decrease, and labor and service/production losses will be 

prevented. 

Keywords: Accident, Health employee, Root-cause analysis, Safety 

 

 

Introduction 

Occupational health and safety is the systematic 

and scientific work carried out to determine the con-

ditions that affect health and safety caused by vari-

ous reasons during the performance of the work 

and to protect employees from the harmful effects 

of these conditions.1 Negative states such as occupa-

tional accidents and occupational diseases are the 

situations that arise as a result of the ineffective im-

plementation of occupational health and safety.  

Post-accident investigations are as important as pre-

venting work-related accidents. It is important to in-

vestigate occupational accidents, identify and elim-

inate hazards, reveal the deficiencies in the materi-

als and equipment used, reduce the treatment and 

compensation costs that will occur after the acci-

dent, prevent labor losses, to prevent the events that 

may cause accidents in the future and to improve 

the morale of the employees. 

Various methods such as five cause analysis, root 

cause analysis, fault tree analysis, event tree analy-

sis, step (time-ordered stages of complex events), 
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barrier analysis, and bowtie analysis are used in ac-

cident and incident investigations. 

Root cause analysis covers the determination of the 

main reason for the origin of the errors and the 

measures to be taken to prevent the errors from re-

curring.2 It is a problem-solving process to investi-

gate an incident, problem, error, accident, or non-

compliance that has occurred. In all standards of 

quality management systems and problem-solving 

approaches related to the extent and depth of cor-

rective and preventive measures, the realization of 

root cause analysis has been emphasized.3 

The subject of root cause analysis is the event and 

its causes, not individuals. In this approach, the aim 

is not to find out who is negligent, but to make im-

provements in the system by reviewing all the 

events.4 With the analysis studies to be carried out, 

it is aimed to find the root causes of the problems, 

learn the source of the problems, ensure the correct 

understanding of the problems and ensure positive 

behavior changes at the knowledge level, and pre-

vent time loss due to corrective and preventive ac-

tions taken before reaching the source of the prob-

lems. 

The root-cause analysis benefits the organization by 

identifying the underlying causes of a problem en-

countered. This approach offers a long-term per-

spective for improving management processes. If an 

effective root cause analysis and subsequent im-

provement studies are not carried out, the probabil-

ity of recurrence of the error is high. Root cause 

analysis also prevents the same problem from re-

peating itself in the future. It should also be noted 

that a problem may often have more than one re-

lated or unrelated cause.5 Root Cause Analysis is the 

most widely used analysis tool to investigate health 

care safety-related incidents, either as a technique or 

as part of continuous improvement efforts.6 

Fishbone diagram (Ishikawa diagram), brainstorm-

ing, Pareto diagram, scatter diagram, flowcharts, 

histogram, tree diagram, control charts, etc. are 

some of the analysis tools used.7 The fishbone dia-

gram is the most widely used in health care. 

Root cause analysis is used to identify possible 

causes of a particular problem or condition. It can 

visually present the causes of the problem by using 

statistical methods and based on the results of the 

analysis, in a way that can reach the causes of the 

event and reveal the cross-relationship between the 

resulting results and the causes that give rise to 

them.8-10 

In this context, the research was conducted to exam-

ine the root cause analysis and process after an oc-

cupational accident in a state hospital and to exam-

ine how it was applied in the health facility and the 

causes of occupational accidents. 

Methods 

The hospital-based retrospective study was carried 

out by evaluating the occupational accident records 

that occurred in a state hospital and reported to the 

Provincial Directorate of Social Security. The popu-

lation of the research consists of 156 health workers 

who had an occupational accident between January 

2018 and April 2021. 

Data were obtained by using the occupational acci-

dent notification forms and root cause analysis 

forms used in the institution. Occupational groups, 

the place where the injury occurred, the event that 

caused the injury, and the tool that caused the injury 

were included in the evaluation. The collected data 

were evaluated using percentage calculation. 

In the study, the "fishbone" method, which is a root 

cause analysis method for detecting all factors that 

may cause a particular problem and confirming the 

factor that will affect the problem the most, was 

used.11 

The problems were determined and the important 

reasons causing the problem were listed, and pri-

mary causes and sub-causes were studied. 

To carry out the research, its ethical suitability was 

approved and evaluated by the Social and Human 

Sciences Ethics Committee of Tokat Gazi-

osmanpaşa University, and written permissions 

were obtained from the Ministry of Health and the 

Tokat Provincial Health Directorate. 

Results 

The percentage distribution of occupational acci-

dents by year is shown in Table 1. The reasons 

stated in the occupational accident and root-cause 

analysis form were examined, and the source of the 

problem was searched by giving priority to the find-

ings. Of those who applied to the occupational 

health and safety unit due to a work accident; 

67.94% were women, 45% were nurses, 25% were 

cleaning staff and 3% were physicians. Looking at 

the location of the accident, 50% occurred in inpa-

tient services, 15% in emergency services, and 15% 

in intensive care units. 

In the way, the accidents occur; needle stick injuries 

(71.8%) are the most common occupational acci-

dents, followed by slipping and falling (14.7%). 

When the tools that cause sharps and stab wounds 

are examined; needle tip (45.5%) is in the first place, 

followed by branule (19.6%) and lancet (14.2%). 

Considering the causes of needle stick injuries ac-

cording to occupational groups; it was seen that the 
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nurses were trying to close the needle tip, the pa-

tient moved during the procedure, and the needles 

on/inside the sharps box were full during waste sep-

aration. The reason for the injury of the cleaning 

personnel is; that it was seen as throwing a sharp 

tool into a medical waste bag and forgetting a sharp 

tool in the environment during cleaning operations. 

It was determined that the fall-collision accidents 

reported in the second rank occurred mainly in the 

cleaning personnel, caused the most loss of work-

force, and the most common reason was due to the 

slippery floor. When the causes of work accidents 

are examined, it is seen that the main reason is inat-

tention (37.18%). This is followed by non-compli-

ance with the rules (27.56%). 

  Table I: Distribution of employees by socio-demographic characteristics and application periods 

 Employees (n) Percentage (%) 

Gender   

Woman  106 67.94 

Man 50 32.06 

Marital status   

Married 102 65.38 

Single 54 34.62 

Title   

Doctor 5  3.21 

Nurse 71 45.52 

Midwife 12 7.69 

Cleaning staff 40 25.64 

Health officer 5 3.21 

Security worker 3 1.92 

Anesthesia Technician 3 1.92 

Laboratory Technician 4 2.56 

Other* 13 8.33 

Educational Status   

Primary education 20 12.83 

High school 31 19.87 

Associate degree 18 11.53 

Licence 87 55.77 

Accident cause tool   

Needle tip 55 35.26 

Branule 22 14.11 

Lancet 16 10.27 

Bistoury 2 1.28 

Suture needle 2 1.28 

Insulin shot 7 4.48 

Other** 12 7.72 

Work Place   

Inpatient Service 78 50 

Intensive care 24 15.38 

Emergency 24 15.38 

Operating room 7 4.48 

Policlinic 6 3.84 

Hospital Garden 5 3.21 

Laboratory  5 3.21 

Other ** 10 6.4 

Causes of the accident   

Carelessness 58 37.18 

disobeying the rules 43 27.56 

Tiredness 8 5.12 

Lack of maintenance 3 1.92 

Irregularity 5 3.22 
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Inexperience 1 0.65 

Other **** 38 24.35 

       * Computer operator, servant, clinical support staff, etc.) 

** Microtome, spiral, scissors, glass etc.)     

*** Corridor, machine shop, laundry     

**** Insufficient lighting, visual impairment, slippery floor etc. 

 

Discussion 

Healthcare workers are a professional group that 

interacts a lot with patients and their relatives dur-

ing the diagnosis and treatment processes. Unfor-

tunately, they encounter many work accidents and 

occupational diseases while carrying out these pro-

cedures. 

In our study, most of those who had occupational 

accidents were women. In this situation; it is 

thought that nurses form the main frame of the 

health care services process and the majority of 

nurses are women. In some studies, it was observed 

that the gender with the most occupational acci-

dents was female.12-15 Needle stick injuries were the 

most common occupational accident (71.8%). In an-

other study, this rate was found to be 82.2%.16 

The second most common occupational accident 

was slip-fall injuries. Contrary to our study, in the 

study of Wåhlin et al., threat and violence (18.6%) 

were the second most common injuries. Slip-fall 

(8.1%) occurred less frequently.14 In the study con-

ducted by İnci et al., 13% of occupational accidents 

were found to be falls and 36% to be sharp injuries. 

The rate of falls and injuries is similar to our 

study.17 

According to the data obtained by the CDC, the 

number of the needle tip and percutaneous injuries 

increases every year in healthcare workers, and 

385,000 injector injuries occur in hospital workers 

every year and an average of 1000 needle-stick in-

juries per day. In the USA, it is estimated that there 

are around 600-800 thousand applications for simi-

lar injuries per year, half of which are not re-

ported.18 

Our study determined that the most common type 

of injury was needle tip injuries (45.5%). Similarly, 

in the study of Kurttekin and Taçgın, it was found 

that the most common injury was caused by the 

needle tip.19  Similarly, a study conducted in India 

revealed that the nurses’ most common occupa-

tional injury is needle syringe injuries and it oc-

curred commonly during needle recapping.20 

In a study investigating the behaviors that cause 

needle-stick injuries in nurses, trying to close the 

caps of the injectors and the inability to remove the 

needles stand out as the most important problems. 

Similarly, in our study, it was observed that most 

of the needlestick injuries occurred while trying to 

close the needle tip.21 

Insufficient questioning of the post-injury ap-

proach makes it challenging to reach healthy data. 

Therefore, this study aims to prevent or reduce ac-

cidents by determining which occupational acci-

dents the employees are most exposed to and the 

leading causes of these accidents. 

Conclusions 

If an effective root cause analysis and subsequent 

improvement studies are not carried out, the prob-

ability of recurrence of the error is high. Incorrect 

determination of root cause will lead to incorrect 

determination of corrective actions and this will not 

be the definitive solution of corrective action. Thus, 

the probability of the problem reoccurring will con-

tinue. Performing root cause analysis also prevents 

repetition of the same determination by repeating 

it in case the same problem occurs. Instead of mask-

ing the problem, permanent solutions are pro-

duced to prevent the problem from becoming 

chronic. 

More than one factor is likely to cause a single prob-

lem to occur. In this case, the reasons that may be 

the source of the problem should be listed. After the 

causes are determined, the subparts or branches of 

each cause, if any, should be named. For example, 

what could the reason for 'Personnel' also be listed? 

Problem-based data and information should be col-

lected. Then, after all the sub-causes are sorted, all 

the data is analyzed by brainstorming and so on.                   

Meaningless reasons and ideas are eliminated and 

the cause or reasons that are the source of the prob-

lem are reached. While a 5-cause analysis may be 

sufficient to find the source of any problem, this 

method will not be sufficient in a complex and 

multi-factorial process. In this case, the fishbone di-

agram provides a useful framework for revealing 

the factors and causes that simultaneously affect a 

problem within the framework of the cause-effect 

relationship. 

Today, although the rate of needle-stick injuries has 

decreased significantly with approaches such as 

the use of disposable medical equipment (injector, 

scalpel, lancet, etc.), blood collection with the vac-

uum tube, and the use of puncture-proof waste 

boxes for sharps, it is still at a very high rate of 50-

70% in our country maintains its importance.22 
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Post-occupational accident investigation is im-

portant. According to the provisions of the Regula-

tion on Occupational Health and Safety Commit-

tees, one of the principles of meeting Occupational 

Health and Safety Committees in workplaces is oc-

cupational accidents.23 With this meeting, the cause 

of the work accident is investigated, and the cause 

of this accident is tried to be found and solutions 

specific to the cause are suggested. In this way, it is 

tried to prevent the recurrence of the accident. If the 

same errors/ınfolence ıs repeated; 

1- Why the root found may be faulty. 

2- Both the root cause and the action may be wrong.  

It is thought that if the board meetings are carried 

out in parallel with the cause-precaution by remov-

ing the necessity of creating the documents and 

making them effective after the work accident, the 

probability of repetition of work accidents will de-

crease, and the costs and compensations that will 

occur after the accident decreases, and the loss of 

labor and service/production will be prevented. 

Also, Occupational health and safety professionals 

investigating occupational accidents should be 

given in-service training to determine the root 

causes of the accidents and eliminate the root 

causes, select field-specific personnel or increase 

their knowledge and experience. 

Acknowledgments 

M. Solmaz contributed to the study conception and 

design, acquisition of data, interpretation of data; 

drafting of the article or reviewing it critically for 

important intellectual content; and giving final ap-

proval of the version to be published. T.Solmaz 

contributed to the study conception and design, 

analysis, and interpretation of data. 

 

References 

1. Erol S. İş Sağlığı ve Güvenliği Konusunda İşveren, 

Çalışan ve Devletin Rolü [The role of employer, em-

ployee and state about occupational health and safety]. 

ASSAM International Refereed Journal. 2015;2(4):86-

103. Turkish. Available from: 

https://dergipark.org.tr/en/pub/assam/is-

sue/32281/358441 

2. Kaya ŞD. Root Cause Analysıs: Examples of Scenario. 

Gümüşhane Üniversitesi Sağlık Bilimleri Dergisi. 

2017;6(4):247-51. Available from: 

https://dergipark.org.tr/tr/download/article-

file/388852 

3. Mülayim Y, İntepeler S. Bir Üniversite Hastanesinde 

Düşmelerin Sıklığı Ve Kök Neden Analizi [Root cause 

analysis and frequency of fallings in a university hos-

pital]. Ege Üniversitesi Hemşirelik Yüksek Okulu 

Dergisi. 2011; 27(3), 21-34. Turkish. Available from: 

https://dergipark.org.tr/tr/pub/egehemsire/is-

sue/49352/630394 

4. Hand M, Seibert S. Linking Root Cause Analysis To 

Practice Using Problem-Based Learning. Nurse Educ. 

Wolters Kluwer Health. 2016; 41(5): 225-7. Available 

from: https://doi.org/10.1097/NNE.0000000000000256 

5. Tunca F, Utlu Z.  İş Güvenliğinde Kök, Neden - Sonuç 

İlişkisi [Root cause effect relationship in occupational 

safety]. İstanbul Aydın Üniversitesi Dergisi. 

2016;8(31): 1-14. Turkish.. Available from: 

https://dergipark.org.tr/tr/pub/iaud/is-

sue/40585/487714 

6. Jones RW, Despotou G. Root Cause Analysis and 

Health Informatics. 14th International Conference on 

Informatics, Management and Technology in 

Healthcare (ICIMTH); 2016 Jul 1-3; Athens. Amster-

dam: IOS Press; 2016; 226:131–134. Available from: 

https://doi.org/10.3233/978-1-61499-664-4-131 

7. Ineci E. Hastane Yöneticilerinin Toplam Kalite Yöne-

timine İlişkin Algılarının Belirlenmesi Konusunda Bir 

Araştırma [A Research on determining the perceptions 

of hospital managers related to total quality manage-

ment] [master’s thesis]. Nicosia (Cyprus): Near East 

University; 2018. 119p. Turkish. 

8. Eraydın C, Tezcan B, Koç Z. Hasta Düşmelerinin 

Değerlendirilmesinde Balık Kılçığı Yöntemi ile Kök 

Neden Analizi [Root Cause Analysis For Evaluating 

The Patient Falling With Fishbone Method]. Journal of 

Health and Nursing Management. 2019; 6(3):267-72. 

Turkish. Available from: 

https://doi.org/10.5222/SHYD.2019.82905 

9. Ilie G, Ciocoiu CN. Application of Fishbone Diagram 

to Determine the Risk of an Event with Multiple 

Causes. Manage Res Prac. 2010;2(1):1–20. Available 

from: https://mrp.ase.ro/no21/f1.pdf 

10. Akansel N, Palloş A. Hemşirelik Öğrencilerinin Bakım 

Planı Hazırlamada Yaşadıkları Güçlüklerin Kök 

Nedenlerinin İncelenmesi [Dificulties experienced by 

nursing students in the development of nursing care 

plans: Root cause analysis]. ACU Sağlık Bil Derg. 2020; 

11(2):269-75. Turkish. Available from: 

https://doi.org/10.31067/0.2020.265. 

11. Wong KC. Using An Ishikawa Diagram as a tool to as-

sist memory and retrieval of relevant medical cases 

from the medical literature. Journal of Medical Case 

Reports. 2011;5:120-3. Available from: 

https://doi.org/10.1186/1752-1947-5-120 

12. Alamgir H, Yu S, Drebit S, Fast C, Kidd C. Are Female 

Healthcare Workers At Higher Risk Of Occupational 

İnjury? Occup Med (Lond). 2009; 59(3):149-52. Availa-

ble from: https://doi.org/10.1093/occmed/kqp011 

13. Solmaz M, Solmaz T. Experiences With Needle-Stick 

And Sharp Object İnjuries For Healthcare Workers İn 

A State Hospital İn Tokat Province, Turkey. Int J Oc-

cup Hygiene.2017,9(3):142-8. Availble from: 

https://ijoh.tums.ac.ir/index.php/ijoh/article/view/269 

14. Uğurlu Z, Elbaş HNÖ, Günay A. Hemşirelik Hiz-

metlerine Bağlı Çalışan Sağlık Personelinin Maruz 

https://dergipark.org.tr/en/pub/assam/issue/32281/358441
https://dergipark.org.tr/en/pub/assam/issue/32281/358441
https://dergipark.org.tr/tr/download/article-file/388852
https://dergipark.org.tr/tr/download/article-file/388852
https://dergipark.org.tr/tr/pub/egehemsire/issue/49352/630394
https://dergipark.org.tr/tr/pub/egehemsire/issue/49352/630394
https://doi.org/10.1097/NNE.0000000000000256
https://dergipark.org.tr/tr/pub/iaud/issue/40585/47714
https://dergipark.org.tr/tr/pub/iaud/issue/40585/47714
https://doi.org/10.3233/978-1-61499-664-4-131
https://doi.org/10.5222/SHYD.2019.82905
https://mrp.ase.ro/no21/f1.pdf
https://doi.org/10.31067/0.2020.265
https://doi.org/10.1186/1752-1947-5-120
https://doi.org/10.1093/occmed/kqp011
https://ijoh.tums.ac.ir/index.php/ijoh/article/view/269


Solmaz et al. Evaluation of Root Cause Analysis from Occupational Health and Safety Data in a Hospital: A Retrospective Study  
 

46 

 

Kaldığı İş Kazalarının İncelenmesi [Investigation of 

Occupational Accidents Health Workers in Nursing 

Services Are Exposed To]. FLORA. 2020;25(2):220-7. 

Turkish. Available from: 

https://doi.org/10.5578/flora.68792 

15. Wåhlin C, Kvarnström S, Öhrn A, Strid EN. Patient 

And Healthcare Worker Safety Risks And İnjuries. 

Learning From İncident Reporting. European Journal 

of Physiotherapy. 2020;22(1),44-50. Available from: 

https://doi.org/10.1080/21679169.2018.1549594 

16. Engin DÖ, İnan A, Demir ZA, Dağlı Ö, Karagül E, 

Özyürek S. Occupational Exposures Among 

Healthcare Workers: A Teaching Hospital Sample. 

Journal of Microbiology and Infectious Diseases. 

2014;4(2):64-8. Available from: 

https://dergipark.org.tr/en/pub/jmid/is-

sue/9946/123040 doi: 

https://doi.org/10.5799/ahinjs.02.2014.02.0129 

17. İnci E, Bilişli Y, Hizay D. İş Kazalarına Maruz Kalan 

Sağlık Çalışanlarının Bildirimlerinin Değer-

lendirilmesi: Üniversite Hastanesi Örneği. Sağlık 

Akademisyenleri Dergisi [Assessment of notifications 

by healthcare staff suffering from occupational acci-

dents: case of university hospital]. 2016;3(3),83-8. Turk-

ish. Available from: 

https://dergipark.org.tr/en/pub/sagakaderg/is-

sue/46736/586245 doi: https://doi.org/10.5455/sad.13-

1477513701 

18. Akgün S. Sağlık Sektöründe İş Kazaları [Work acci-

dents in health sector]. Health Care Acad J. 

2015;2(2),67-75. Turkish. Available from: 

https://dergipark.org.tr/tr/pub/sagakaderg/is-

sue/46750/586379 doi: 

https://doi.org/10.5455/sad.2015131442264595 

19. Kurttekin A, Taçgın E. Sağlık Hizmetlerinde İş Ka-

zaları ve Kesici-Delici Alet Yaralanma Araştırmaları 

Üzerine Bir Değerlendirme [An Evaluation on Occu-

pational Accidents in Health Services and Cutter-Drill-

ing Instrument Injury Investigations]. Sağlıkta Perfor-

mans ve Kalite Dergisi. 2020;17(2),135-82. Turkish. 

Available from: 

https://dergipark.org.tr/tr/pub/spkd/is-

sue/53376/540078 

20. Lalrinzuala, Elizabeth H. Risks and Safety of Women 

Healthcare Workers in Aizawl District, Mizoram, In-

dia. International Journal of Occupational Safety and 

Health. 2022;12(2),111–6. Available from: 

https://doi.org/10.3126/ijosh.v12i2.39794 

21. Pournaras S, Tsakris A, Mandraveli K, Faitatzidou A, 

Douboyas J, Tourkantonis A. Reported Needlestick 

And Sharp İnjuries Among Health Care Workers İn A 

Greek General Hospital. Occup Med (Lond). 1999; 

49(7): 423-6. Available from: 

https://doi.org/10.1093/occmed/49.7.423 

22. Demirdağ H, Yılmaz M, Gündüz O. Bir Devlet Has-

tanesinde Kesici Delici Alet Yaralanmalarında Öğren-

cilerin Yaralanma Sıklığı ve Kök-Neden Analizi [In-

jury frequency and root cause analysis of students in 

sharp injuries in a state hospital]. Ege Üniversitesi 

Hemşirelik Fakültesi Dergisi. 2018;34(2):23-9. Turkish. 

Available from: https://dergipark.org.tr/en/pub/ege-

hemsire/issue/38978/365684 

23. İş Sağlığı ve güvenliği kurulları hakkında yönetmelik 

[Regulation on Occupational Health and Safety 

Boards]. Resmî Gazete Tarihi: 18.01.2013 Resmî Gazete 

Sayısı: 28532. Turkish. Available from: 

https://www.resmigazete.gov.tr/eskiler/2013/01/20130

118-3.htm 

https://doi.org/10.5578/flora.68792
https://doi.org/10.1080/21679169.2018.1549594
https://dergipark.org.tr/en/pub/jmid/issue/9946/123040
https://dergipark.org.tr/en/pub/jmid/issue/9946/123040
https://doi.org/10.5799/ahinjs.02.2014.02.0129
https://dergipark.org.tr/en/pub/sagakaderg/issue/46736/586245
https://dergipark.org.tr/en/pub/sagakaderg/issue/46736/586245
https://doi.org/10.5455/sad.13-1477513701
https://doi.org/10.5455/sad.13-1477513701
https://dergipark.org.tr/tr/pub/sagakaderg/issue/46750/586379
https://dergipark.org.tr/tr/pub/sagakaderg/issue/46750/586379
https://doi.org/10.5455/sad.2015131442264595
https://dergipark.org.tr/tr/pub/spkd/issue/53376/540078
https://dergipark.org.tr/tr/pub/spkd/issue/53376/540078
https://doi.org/10.3126/ijosh.v12i2.39794
https://doi.org/10.1093/occmed/49.7.423
https://dergipark.org.tr/en/pub/egehemsire/issue/38978/365684
https://dergipark.org.tr/en/pub/egehemsire/issue/38978/365684
https://www.resmigazete.gov.tr/eskiler/2013/01/20130118-3.htm
https://www.resmigazete.gov.tr/eskiler/2013/01/20130118-3.htm


Int. J. Occup. Safety Health, Volume 13, No 1 (2023), 47-54                                      https://www.nepjol.info/index.php/IJOSH 

 

 

 

 

Original Article 

Postural stress and risk conditions in manual load handling of 

Chilean industrial workers 
Urrejola-Contreras GP1, Pérez-Casanova DC2, Pérez-Lizama MA1, Gary-Zambra B3 

 

1 Escuela de Ciencias de la Salud, Universidad Viña del Mar, Chile.  
2 Huérfanos 1977, Santiago de Chile, Chile. 
3 Escuela de Ingeniería y Negocios, Universidad Viña del Mar, Chile.  

ABSTRACT  

Introduction: Although, there is a current regulatory framework for optimal manual 

handling of loads to preserve health conditions in the industrial sector, technical 

assessment and the use of certain instruments are still required for the diagnosis of 

occupational hazards. This study aimed to identify the occupational hazards associated 

with manual load handling in industry workers and estimate those resulting from 

postural stress.  

Methods:  Fifty-two (52) industry workers took part in this cross-sectional study. All 

participants were evaluated using the Manual Handling Guide and the Reba assessment 

tool.  Subjects were characterized, and risks associated with different tasks were detect-

ed. 

Results: 59.6% of workers were between 18 and 45 years old. Lifting, lowering, and 

transporting loads activities had a repetitive task risk of 94%, exceeding the weight limit 

in 85.7% of cases. Pushing and pulling activities, mostly showed a working postural risk 

of 82% and a high perception of initial effort (Borg> 8). Reba score warned to intervene 

immediately in both types of tasks. 

Conclusion: Risk from the manual handling of loads found in this study constitutes an 

alert that suggests reviewing compliance with the current regulation, as well as effective 

use of working pauses and the improvement of strategies to minimize physical efforts 

used by workers. 

Keywords: Ergonomic assessment, occupational health, posture load, work risk 

 

 

Introduction 

Important work procedures and processes are as-

sociated with manual load handling (MLH), most 

of which are involved in productive sectors such as 

agriculture, construction, and industry.1 An im-

portant aspect that has caught the attention of oc-

cupational health units, ergonomics departments, 

and public health centers is the collection of data 

that relate risks associated with MLH with postural 

load and the prevalence of musculoskeletal disor-

ders in workers.2,3 

Although the approach to occupational health in-

cludes various disciplines, the study of the work-

place continues to be a powerful diagnostic tool, as 

work in the industrial area continues to present 

serious problems about the adoption of poor harm-

ful postures to carry out productive tasks.4 In fact, 

there are several instruments and methods availa-

ble for the assessment of risk because of postural 

stress, including its application in different work-

ing environments5,6 to identify forced postures 

adopted by workers and use this information to 

design workplace adjustments as well as to pro-

mote hazard management strategies to minimize 

stress on the locomotor system.7   

In Chile, management derived from the analysis 

regarding load handling hazards in workers al-

lowed the incorporation of new regulations about 

maximum weight to be lift by humans into the 

labor code in 2005 by law 20.001, which is ruled by 

the guide of manual handling risk assessment, 

however, it was modified through law 20,949; 
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which reduced to only 25-20 kilos for maximum 

MLH limit in adult men and those under 18 years 

of age and /or women respectively since 2016 

through the technical guide for assessment and 

control of risks associated with manual load han-

dling.8 Despite the existence of current regulations 

on risk assessment in MLH; recent studies have 

shown that the working population is exposed to 

work overload variables, physical-biomechanical 

factors, and perception of musculoskeletal discom-

fort;9 and in other cases it is noted that the maxi-

mum legal load limit should not be interpreted as a 

safety health value.10 

This study aimed to evaluate the risk present in 

tasks that include manual load handling, as well as 

postural load in industrial workers. 

Methods 

This is a cross-sectional study that took place in a 

furniture and mattress factory in the metropolitan 

region (Santiago de Chile) between April and Au-

gust 2019 and by request of the Occupational Safe-

ty and Health Administration (Law 16.744). 

The company has 180 workers with an indefinite 

employment contract and the investigation was 

carried out in a branch office that included 80 

workers (the biggest of this company).  

Workers in this area primarily perform mattress 

manufacturing activities through quilting, edge 

definition, and assembly processes. Finally, they 

carry out the closure and the product is packaged 

to distribute to commercial stores for later sale. The 

manufacturing and assembly areas included in this 

study require manual load handling activities 

through lifting, lowering, transporting, pushing 

and dragging tasks. 20 workers were excluded 

from this study due to administrative work activi-

ties. 

The study included 60 male workers. To calculate 

the sample size of a finite population, the following 

formula was used: 

Where: n: Sample size to consider; N: Population 

size; Z: Statistic that depends on N; p: Probability 

of occurrence of the occupational risk t; q: Probabil-

ity that the event does not occur q = (1-p) and e: 

Error. For this study, a significance level of 5% was 

considered, so that Z corresponds to: 1.96. Finally, 

a margin of error of 5% was used. Calculations 

established a size sample of 51.7. Therefore, the 

sample finally consisted of 52 subjects. Workers 

were separated into two groups according to their 

functions and tasks performed after the evaluation 

(interview and job observation); 35 subjects per-

formed lifting, lowering and transportation tasks, 

while 17 performed pushing and pulling activities. 

Subject selection considered the following inclu-

sion criteria:  men between 18 and 65 years old, 

subjects who worked 44 hours a week, presented 

an indefinite employment contract, and whose 

tasks included lifting, lowering, transporting, 

pushing, and pulling actions. Subjects perform 

functions for 8 hours a day and a 1-hour break was 

established for rest and feeding. Exclusion criteria 

involved working in the administration depart-

ment or those with jobs outside the branch office. 

Tasks performed by workers were mostly carried 

out manually and physically, however, some of 

them used the help of machinery. 

The assessment involved a technical visit by a pro-

fessional with training in ergonomics and 3 years 

of experience in assessing risks associated with 

work and in the implementation of the current 

technical standard for manual load handling. The 

evaluation considered the Reba observational 

method, based on the observation of postures used 

in the execution of the task in the subject's work-

place. The observation is captured by images. In 

addition, a 20-minute interview was conducted 

with each worker in which a structured question-

naire was applied on basic aspects related to age, 

sex, type of tasks performed, number of hours and 

breaks during the working day, and exposure 

times. The questionnaire was reviewed by experts 

in job evaluation. In addition, the technical guide 

for the evaluation and control of risks associated 

with manual handling of the load was applied. The 

information collected was recorded in an excel 

spreadsheet for later analysis. This made it possible 

to analyze the jobs individually. 

Additionally, according to the type of tasks per-

formed by the workers, the advanced ergonomic 

instrument Reba11 was used to specify the risk as-

sociated with the postural load. This tool includes a 

systematic full body assessment of the postural risk 

to which the worker is exposed and involves dy-

namic and static postural load factors as well as 

person-load interaction by examining separately; 

right and left upper and lower extremities, trunk 

position, and variation of posture in the cervical 

region.12 Later, the data collected were compared 

and analyzed.  
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The work was reviewed by the university’s ethics 

committee and was approved according to the 

ethical criteria, instruments applied, and protection 

of the information. Confidentiality certificates were 

used for each of the participants authorizing the 

subsequent use of the data resulting from the eval-

uation with full protection of the information of the 

company and each of its workers.  

Data of the number of workers by type of task, the 

percentage of vertebral asymmetry, and the deficit 

in maintaining the vertical position during lifting, 

lowering and transportation tasks were described 

as discrete variables. Likewise, for the tasks of 

pushing and pulling, the Borg scale was described 

as the percentage of poor posture. On the other 

hand, the comparison of the repetition of the activi-

ty between both types of tasks was analyzed ac-

cording to the student’s test.  

The Reba method was used to evaluate the obser-

vation of the posture of each body segment of both 

hemibodies during a task from the analysis of the 

images obtained in the workplace. Based on obser-

vation and image analysis, Reba suggests scores, 

and the sum of them gives a final score for each 

hemibody, which will be categorized according to 

the level of risk suggested by the method (Fig 1 A - 

B). Data obtained from the Reba score suggested 

levels of intervention for each hemibody and was 

compared according to the student’s test.  

 

 

 

 

 

 

 

                      Group A                                                                            Group B 

Figure 1A.  Reba group A and B body diagrams 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1B.  Reba Scoring Sheet 
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Results 

A total of 52 persons participated in this study. The 

largest number of workers were engaged in activi-

ties involving lifting, lowering, and carrying loads 

in comparison to pushing and pulling activities. 

For both activities, there was greater involvement 

of workers between 18 and 45 years of age. Regard-

ing task description, evidence showed a greater 

number of tasks evaluated, involving lifting, lower-

ing, and transporting loads, which also presented a 

lower average time duration corresponding to 

40.64 seconds. However, the longest exposure time 

was longer for the tasks that involved pushing and 

pulling activities, reaching an average of 84.27 

minutes. Regarding the presence of observed risk 

conditions, repetitiveness in both activities was 

positive, reaching 94% for lifting, lowering, and 

load transport activities. In its counterpart, the 

highest static load was observed in 82% of pushing 

and pulling activities. However, there are no signif-

icant differences in repeatability between these two 

types of tasks (t-test, p> 0,05). The postural instabil-

ity factor was only observed in two-thirds of the 

workers during lifting, lowering, and carrying 

loads, meanwhile, it was absent in pushing and 

pulling activities (Table 1). 

 

Table I: Characterization of the activity carried out by a worker 

Workers characterization Lifting, lowering, transport Pushing and pulling 

 n n 

Total number of workers 35 17 

Age 18 to 45 years 20 11 

Age> 45 years 15 6 

   

Task characterization n n 

Number of tasks 10 7 

 Mean ± SD Mean ± SD 

Task duration (seconds) 40.64±38.57 96.36±73.11 

Exposure time (minutes) 41.58±35.13 84.27±52.90 

   

Risk conditions present in 

workers 

% (n) % (n) 

Repeatability factor 94 (49) 58 (30) 

Static postural load on one or more 

parts of the body 

65 (34) 82 (43) 

Postural instability 65 (34) 0 (0) 

 

When examining the weight load limit according to 

the current regulation, 85.7% of subjects developed 

their task with excess load, being more prominent 

in lifting, lowering, and transportation activities. 

Between 70 and 100% of subjects evaluated experi-

enced risk conditions associated with their type of 

task. For the lifting, lowering, and transportation 

activities, asymmetry of the spine and the deficit in 

maintaining the vertical position were observed.  

 

 

For pushing and pulling activities, showed a high 

perception of initial effort (Borg> 8), and poor pos-

ture. When comparing both types of tasks, the du-

ration of the work cycle and time exposure were 

considered for analysis. Using these data, the aver-

age number of repetitions for each worker estimat-

ed according to their performed activities was 103 

times for lifting, lowering, and transport, and 86 

times for pushing and pulling (Fig 2). 
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Figure 2. Load limit, risk conditions and repeatability of the activity.  

A. 85.7% of the workers who carry out lifting, lowering, and transport are over the load limit, while 100% of the work-

ers who carry out the push and pull activity are over the load limit. B. Presence of asymmetry (100%) and vertical 

position (77%) in lifting, lowering and carrying and presence of poor posture (82%) and effort (94%) in pushing and 

pulling. C. Repeatability in work activity both for lifting, lowering and transporting (103 times) and for pushing and 

pulling (86 times). Data are represented as means ±SEM. 

When analyzing the risk estimation for postural 

load using the Reba assessment tool when applied 

to both hemibodies, the same trend was observed 

in terms of the achieved score and suggested levels 

of action for lifting, lowering and transportation 

activities as well as for pushing and dragging. A 

slightly higher score out of 12 points was recorded 

for lifting, lowering, and carrying compared to the 

pushing and pulling activities, which cataloged 

risk as “very high”. Regarding the level of action 

suggested when comparing the two groups of 

tasks, the same trend was observed on both sides 

of the body, suggesting an “immediate interven-

tion” (Fig 3). 

When analyzing and comparing the breakdown of 

the scores obtained by applying the Reba method 

for each body segment and the variables of 

load/strength and type of grip in each group of 

evaluated tasks, it was evidenced that for lifting, 

lowering and transporting the highs Overall scores 

were derived from the higher contribution made 

by the referred score of the arm segment, while for 

pushing and pulling activities the higher score is 

due to the higher estimate of trunk load, and levels 

of load/force used. In both types of tasks, the load 

estimation turned out to be homogeneous for each 

right and left half body (Fig. 4). 

 

Figure 3. REBA score and level of action by laterality.  

The evaluation of the risk estimates for postural load determined that, for the activity of lifting, lowering and transport, 

both for right and left laterality it obtained a score out of 11 with a level higher than 3, which suggests immediate inter-

vention. For the push and pull activity, the REBA score (10,8 right laterality and 11,2 left laterality) associated with 

action levels 3,5 and 3,8 respectively indicate the need for immediate intervention. Data are represented as means 

±SEM. 
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Figure 4. Scoring of the REBA method by the task group 

A. Higher scores were observed in the arms, forearms, and wrist, while for group B the segments that gave the highest 

score in the assessment correspond to the trunk, neck, and legs, in both considering the level of load/force exerted and 

type of grip. Data are represented as means ±SEM. 

 

Discussion 

The novelty of this study is that a highly variable 

and versatile work system is assessed in terms of 

the tasks performed by the subjects and allowed 

each of them to be specifically evaluated. The fore-

going was based on the difference and specificity 

of the tasks performed by the subjects, where not 

all perform the same activity in the same work 

circuit, and also the tasks performed by each of the 

workers vary during the work circuit. The selected 

instruments were appropriate in characterizing the 

sample and in investigating the risk conditions 

present in both groups of tasks examined. In the 

first place, although there is repetitiveness both in 

lifting, lowering and transportation, as well as for 

pushing and pulling activities, the differences 

found may be related to the different productive 

rhythms, whereas in the case of lifting, lowering, 

and transportation, the duration of work cycle is 

practically double.13 A second relevant aspect, 

common for both types of activities, is the presence 

of risk as a result of postural load, static load, 

and/or unstable posture. In this sense, the risk con-

ditions were related to the asymmetry of the spine, 

the difficulty to maintain a vertical cervical posi-

tion and the adoption of poor posture and/or func-

tional compensation during a task 14, fringes were 

also found in other studies in which the main issue 

originates from poor technique and/or training for 

workers regarding the use of mechanical ad-

vantage for their body segments to perform motor 

skills.15 

On the other hand, for pushing and pulling activi-

ties, considerate is worth noting that most workers  

 

scored initial effort with the Borg scale> 8, while 

85.7% of subjects who participated in lifting, lower-

ing and transportation activities reported having 

approached the human load limit (25 kilograms). 

Although workloads used for both activities are 

within the norm, they require a great effort from 

the worker to put a load into motion 16,17.  

Regarding evaluation using the Reba assessment 

tool for both types of activities for each hemibody, 

data revealed different score contributions accord-

ing to the body region involved in the process. 

Once again, the score resulting from the load mag-

nitude and/or the exerted force stands is highlight-

ed in both activities. For lifting, lowering and 

transportation, the highest score by body segment 

was observed in the arms, forearms, and wrists, 

which could be explained to a greater extent by 

working angles of 45 and/or 90 degrees in the lat-

eral and frontal planes, in addition to movements 

in another plane such as rotations 18, working an-

gles that are responsible for imposing greater load 

and stress on the tissues involved.19. In its counter-

part, for pushing and dragging, the topographic 

regions mostly involved in the scoring were the 

trunk, neck, and legs, which are regions commonly 

implicated in maintaining a posture in a flexing, 

antigravity pattern and/or used for coupling be-

tween the body and load.20  A study on ergonomics 

evaluation of manual lifting task on biomechanical 

stress conducted in India showed that heavier 

weights produced higher stresses than lower 

weights, and the loading rate was found to be same 

at waist or knee level. It was observed to be linear-
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ly increasing after waist level.21 

The study proposes the following measures which 

should be adopted by occupational health units to 

improve working conditions: a) evaluate and train 

the best technique to perform different tasks to 

make more efficient use of biomechanics and me-

chanical advantage22, b) evaluate mechanical assis-

tance to push loads of greater magnitude or the 

conformation of task teams to minimize the initial 

push and/or drag effort 23, c) review and incorpo-

rate the use of working pauses combined with the 

rotation of workers in different jobs to reduce the 

repetitiveness component and improve the recov-

ery of tissues and joint structures involved in the 

execution of activities, and by reducing the stress 

imposed on the musculoskeletal system in the 

tasks performed.24 

A limitation of this study was not to consider or 

preliminarily assess clinical aspects such as signs 

and symptoms associated with musculoskeletal 

disorders and organizational aspects, including 

those that determine the productive rhythms, crite-

ria that would have allowed to clarify if the detect-

ed risks compromise occupational health as well as 

the development of sustainable work 25. 

Another limitation was the size of the sample 

(n=52), however, this study considers it important 

for future or continuity work to increase the sam-

ple by assessing other company branches and the 

inclusion of women to improve representativeness, 

and be able to transfer the obtained results to other 

productive sectors with more statistical signifi-

cance. 

In this sense, the main implications and applica-

tions of the study show that in terms of risk pre-

vention associated with the manual handling of 

loads, the implementation of the technical guide 

for the evaluation and control of risk factors could 

include sections in which variables are established. 

of risk for different tasks because not all present 

the same risks, for example in the observed varia-

bles of postural load, and repetitiveness. A better 

application could be to separate and classify the 

type of tasks and from this categorize the risks as 

well as their evaluation, management, and control 

measures. 

Conclusion 

This work concludes the presence of associated 

risks derived mainly from the postural load in the 

manual load handling, as well as indicators that 

constitute an alert, including the absence of paus-

es/rest times or a change of activity during the 

work cycle. Although there is a current regulation 

on the weight limit for of loads, it is wise to review 

its compliance through audits and by finding ways 

to minimize the physical efforts used by workers. 
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Original Article 

Risk factors of sleep-disordered breathing among Public 

Transport Drivers of Kochi, India 

Shadananan V1, Sapna Varma NK1, Prabha  RD1, Ajith VV1 , Ghosh P1 
1 Department of Orthodontics & Dentofacial Orthopedics, Amrita School of Dentistry, Amrita 

Vishwa Vidyapeetham, Kochi, 682041, India 

ABSTRACT  

Introduction: Sleep-disordered breathing (SDB) appears to be a major occupational 

health concern among transport drivers as it increases the chance of road traffic crashes.  

The study aimed to determine the prevalent risk factors of sleep-disordered breathing in 

public transport drivers of Kochi, India. 

Methods: A descriptive cross-sectional study was performed among 50 public transport 

drivers who satisfied the inclusion criteria and were categorized as high and low-risk 

groups using the STOP-BANG questionnaire. Physical examination recorded neck 

circumference, waist-hip ratio, body mass index, blood pressure, and facial profile. 

Excessive daytime sleepiness was evaluated using the Epworth sleepiness scale. Mann 

Whitney and Chi-square tests were used to test for significance. Logistic regression was 

also done by including the significant variables. 

Results: The high risk (n= 27) and low-risk groups (n=23) were identified. Among the 

high-risk group; age, body mass index, neck circumference, blood pressure, snoring, and 

tiredness showed statistically significant results (p<0.05) when compared to the low-risk 

group. Excessive daytime sleepiness was present among 29.6% of high-risk subjects. 

Logistic regression confirmed that age (OR=1.176; p=0.001) and body mass index 

(OR=1.348; p=0.050) were independent predictors of developing a high risk of SDB. 

Conclusion: Among public transport drivers in Kochi, India; older age and increased 

body mass index were significant contributing factors for developing sleep-disordered 

breathing. Obstructive sleep apnea (OSA), whether diagnosed or undiagnosed, is a major 

public health concern and a proven risk factor for vehicle crashes. Applicants for public 

transport driver's licenses should be thoroughly examined for the risk of OSA/SDB. A 

standardized screening protocol for OSA risk assessment should be advisable for public 

transport drivers to ensure road safety. 

Keywords: Obstructive sleep apnea, Public transport drivers, Sleep-disordered breathing, 

STOP-BANG questionnaire. 

 

 

Introduction 

Obstructive sleep apnoea (OSA) is a disease 

characterized by collapsed upper airway with 

restricted or full cessation of airflow. Characteristic 

features of OSA include disruptive snoring, 

nocturnal hypoxemia, and excessive daytime 

sleepiness due to recurrent episodes of full/partial 

pharyngeal blockage during sleep.1 OSA could be 

due to sleep-disordered breathing (SDB) and has 

been correlated with negative cardiovascular health 
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outcomes, risk of vehicle crashes, and 

impaired quality of life and social living.2  

Obesity and associated factors like high body mass 

index (BMI), altered neck circumference (NC), and 

waist-to-hip ratio (WHR) are all considered risk 

factors for OSA.3 Polysomnography which is the 

gold standard in diagnosing OSA is an expensive, 

time-consuming test which cannot be routinely 

done among the public which necessitates the need 

for screening tests like the STOP-BANG 

questionnaire and Epworth Sleepiness scale for 

evaluating the risk factors for OSA.4 

Driving is a complex process that requires constant 

interaction with the road and the environment.5 

Excessive daytime sleepiness (EDS) may be 

described as a situation wherein the subject is 

unable to keep themselves fully awake during the 

wakeful period of the sleep-wake cycle. Recent years 

have seen a gradual increase in the number of fatal 

and non-fatal motor vehicle crashes in the country. 

Tregear et al and Huhta et al reported persons with 

undiagnosed OSA have an increased risk of falling 

asleep during driving and may cause crashes when 

compared to healthy individuals.6,7 This warrants 

the need to identify the high-risk factors for 

developing SDB among drivers. Thus, the study 

aimed to determine the prevalent risk factors of SDB 

among public transport drivers of Kochi, India. 

Methods 

A descriptive cross-sectional study was conducted 

among 50 male public transport drivers in Kochi, 

Kerala, India from June to August 2021. Based on the 

results of percentage predicted neck circumference 

and BMI among OSA by Agrawal et al and with 10% 

relative precision and 95% confidence, the minimum 

sample size came to 17 and 2 respectively.8 Since the 

highest value was 17, the minimum sample size 

would be 50 subjects, which would give an 

estimated 99% confidence. 

Male public transport drivers in the age group of 18-

60 years with professional driver’s licenses and 

enrolment at any local transportation enterprise in 

Kochi, Kerala were selected for the study. Of the 68 

individuals approached for the study, 50 consented 

to participate (response rate of 73.5%). Subjects who 

denied voluntary participation, and who had any 

recent upper airway surgery, respiratory 

malignancy, congestive heart failure and renal 

failure were excluded from the study. 

The Institutional ethical committee at Amrita 

Institute of Medical Sciences, Kochi (IRB-AIMS-

2020-161) approved the study protocol. Participants 

who gave consent and satisfied the inclusion criteria 

were selected for the study. Their demographic 

details, medical history, and years of working as 

professional drivers were recorded. 

A previously validated Modified STOP-BANG 

questionnaire4,9 was used as a screening tool for 

assessing the risk factors of SDB. Physical 

examination was done to record neck circumference 

(NC), waist-hip ratio (WHR), Body mass index 

(BMI), blood pressure and facial profile. 

The STOP-Bang questionnaire is a simple, reliable 

screening tool, which can be effectively used for 

identifying the risk factors for OSA in a cost-

effective manner. This questionnaire includes eight 

screening criteria such as a history of snoring, 

daytime tiredness, observed apnea, high blood 

pressure, body mass index > 30 kg/m2, Age > 50, 

Neck circumference > 40 cm, and male Gender. 

Patients with a score of <3 were categorized as the 

low-risk group and patients with scores ≥ 3 were 

classified as a high-risk group.9 

Excessive daytime sleepiness was assessed using the 

Epworth Sleepiness scale (ESS).4 ESS is a self-

administered questionnaire that measures daytime 

sleepiness based on the chances of falling asleep in 

eight different situations. The final score of 11 or 

more indicates excessive and severe daytime 

sleepiness.  

Using standardized processes and equipment, 

anthropometric data were collected. The height was 

measured to the closest half-centimeter. The weight 

was measured in barefooted subjects to the nearest 

0.1 kilograms. BMI calculation was done with the 

equation: BMI = weight in Kg / (height in meters)2  

Based on BMI categorization, participants were 

classified into: normal weight (≤24.99 kg/m2), 
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overweight (25 - 29.99 kg/m2), and obese (≥30 

kg/m2).10 Measurement of circumferences to the 

closest 0.5 cm was done with a non-stretch 

measuring tape. NC was measured between the 

mid-cervical spine and the mid-anterior neck, with 

the individual standing erect, face in the Frankfort 

horizontal plane, and shoulders relaxed.11 The 

midpoint between the highest point of the iliac crest 

and the last floating rib was used to calculate the WC. 

The circumference of the hips was measured at their 

widest point. The WHR was computed (cm) by 

dividing the waist circumference (cm) by the hip 

circumference (cm).12 According to the World 

Health Organization, a WHR of 1.0 or above 

increases heart diseases risk and other illnesses 

connected to obesity in both men and women, so 

they were categorized into two groups; the no-risk 

group with a WHR of less than 1 and a risk group 

with WHR >/= 1. The participant's blood pressure 

(BP) was measured while the patient was seated in 

a comfortable position with proper back support. 

Standardized mercury sphygmomanometers were 

used. The systolic and diastolic BP (SBP and DBP 

respectively) above 140 mm Hg and 95 mm Hg 

respectively were classified as risk categories. The 

facial profile was recorded clinically. Glabella, 

subnasale and soft tissue pogonion were evaluated. 

Based on the facial profile participants were 

categorized as convex, straight and concave.  

Statistical analysis was done with IBM SPSS version 

20.0 software. Frequency and percentage were used 

to express categorical variables. The mean and SD as 

well as the median and interquartile range were 

used to depict numerical variables. The statistical 

significance of the mean value difference of all 

continuous variables between groups in terms of 

risk was tested using the Mann-Whitney test. Chi-

Square with continuity correction was used to 

examine the statistical significance of the 

relationship between Profile, Snoring, Tiredness and 

risk.  To find the significant predictors of SDB, 

logistic regression analysis was applied. Statistically 

significant values had a p-value of less than 0.05. 

Results 

In the study, 50 participants were screened using the 

modified STOP-BANG questionnaire. Then they 

were categorized as high-risk and low-risk groups 

based on their score. A score of more than >3 

indicates high risk and <3 as low-risk subjects. 

Out of the 50 participants, 23 subjects (46%) were 

grouped as high-risk and 27 subjects (54%) in a low-

risk group. The mean age and BMI of the high-risk 

group were 48.96±7.01 and 24.91±3.77 respectively; 

whereas for the low-risk group the mean age and 

BMI were 39.96±7.40 and 23.15±1.44. EDS was 

identified in 29.6% of high-risk subjects using ESS. 

By comparing the two groups (low and high risk) 

age, BMI, neck circumference, and Systolic and 

diastolic blood pressure showed statistically 

significant results (p<0.05). (Table 1 & figure1) 

Table 1: Comparison between high and low-risk groups 

 

 

 

 

 

*p<0.05 statistically significant 

Variable Risk Median (Q1, Q3) p-value 

Age Low Risk 40(34,45) 0.001* 

 High Risk 52(46,54)  

Body Mass Index Low risk 23.5(23.07,24.02) 0.006* 

 High risk 24.5(23.5,26.06)  

Neck circumference Low risk 39(38,40) 0.003* 

 High risk 40(39,41)  

Waist hip ratio Low risk 0.98(0.98,0.99) 0.224 

 High risk 0.98(0.97,0.99)  

Systolic BP Low Risk 125(122,127) 0.004* 

 High risk 131(128,145)  

Diastolic BP Low risk 82(81,84) 0.045* 

 High risk 85(82,87)  
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Fig.1: Risk factors in low and high-risk groups 

 

Out of the 50 participants, snoring was present in 10 

subjects and 40 were non-snorers. All the 10 snorers 

identified were grouped into the high-risk group 

based on the scores. Among the 40 non-snorers,13 

were high-risk subjects and 27 were low-risk 

subjects. 

Tiredness was also reported among 10 participants 

who were grouped as high-risk subjects and among 

40 participants who reported an absence of tiredness, 

16 were grouped into high risk and 24 were grouped 

into low-risk. The comparison showed that both 

snoring and tiredness were statistically significant 

parameters (p<0.05) (Table 2). The comparison of 

facial profile and Waist Hip ratio among the two 

groups did not show a statistically significant 

difference. 

 

Table 2:  Association of the profile, snoring and tiredness among low and high-risk groups. 

 

 

 

 

 

       *p<0.05 statistically significant 

 

The variables showing significant differences were 

included in the logistic regression model and the 

odds ratio was obtained (Table 3).  Older age and 

increased BMI were associated with OSA. The risk 

of being in the high-risk group of OSA was 1.17 

times more in participants with >50 years of age 

(p=0.001) and 1.35 times more when BMI 

was >30kg/m2 (p=0.05). Other variables were NC 

(OR 1.65), systolic BP (OR 1.06), and diastolic BP (OR 

1.03) were not independent risk factors. 

 

Risk factor Low-risk n (%) High risk n (%) p-value 

Profile Convex 16 (51.6) 15 (48.4) 0.665 

Straight 11(57.9) 8 (42.1) 

Snoring Absent 27 (67.5) 13 (32.5) 0.001* 

 Present 0 (0) 10 (100) 

Tiredness Absent 24 (60) 16 (40) 0.037* 

 Present 0(0) 10 (100) 
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Table 3: Univariate analysis of risk factors of OSA 

 

 

 

 

 

 

 

 

 

*p<0.05 statistically significant 

 

Discussion 

In this study, the predictive risk factors for OSA 

identified among the high-risk group of public 

transport drivers were age and BMI.  

Road traffic crashes have become a significant 

public health issue since they are a preventable 

cause of mortality.13 Among the various factors 

causing motor vehicle crashes, excessive sleepiness 

as a result of OSA has a significant position.14 It is 

often characterized by a partial or complete collapse 

of the upper airway during sleep leading to 

hypoxemia and sleep fragmentation. Thus, these 

patients with OSA have abnormal neurocognitive 

and psychomotor abilities, excessive drowsiness 

and fatigue, which all affect their driving skills.14,15 

Previous studies have shown that drivers with 

untreated OSA have a 1.2 to 4.9 times higher risk for 

road crashes and adequate treatment using CPAP 

therapy reduces this risk.16 Hence, to ensure the 

safety of drivers there exists an increased need to 

identify and screen the possible risk factors of OSA. 

The study was performed among male public 

transport drivers as previous literature on the 

Indian population has shown three times higher 

prevalence of OSA among males when compared to 

females and the majority of the public transport 

drivers were male. According to Reddy et al and 

Dubey et alprevalence of high-risk OSA increases 

with age.17,18 This was in accordance with our study 

in which the median age was 52 years (p<0.05) in the 

high-risk group as opposed to the low-risk group, 

which had a median age of 40 years. The odds of 

developing OSA were higher as age increases (OR 

1.17) and has emerged as a strong risk factor. 

The results of the present study also showed 

increased BMI (OR 1.348) causing obesity as another 

important independent risk factor for developing 

OSA. Neck circumference even though was 

increased in the high-risk group when compared to 

the low-risk group and was not found to be an 

independent risk factor (OR 1.65) for OSA. A 

previous study by Basoglu et al. identified a 

proportional relationship in OSA patients with 

increased neck circumference to greater daytime 

sleepiness leading to more chances of road traffic 

crashes.19 The increased NC has also been reported 

as a predictor of severe OSA severity, with marked 

central fat deposition.11 Many theories have been 

proposed to explain how fat accumulation increases 

the risk of OSA. As fat deposits around the 

pharyngeal region (neck region) it leads to an 

increased risk for upper airway collapsibility and 

central obesity (abdominal fat) also causes a 

decrease in lung volume and residual functional 

capacity leading to weakened caudal traction 

causing pharyngeal collapse.20 

Blood pressure records of the study population 

revealed a significantly higher value (p<0.05) for 

systolic and diastolic BP among high-risk subjects 

but were not found to be an independent risk factor. 

Phillips et al also have previously reported elevated 

blood pressure as an important risk factor for OSA, 

and that OSA can be an important secondary cause 

of hypertension.21 Elevated systolic and diastolic 

Variable Odds Ratio (OR) 95% of CI of OR p-value 

Age 1.176 1.070-1.292 0.001* 

Body Mass Index 1.348 0.994-1.827 0.050* 

Neck Circumference 1.650 1.121-2.428 0.011 

Systolic BP 1.066 1.007-1.129 0.028 

Diastolic BP 1.030 0.962-1.103 0.397 
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pressure caused by apnea-hypopnea episodes keeps 

the mean blood pressure levels high at night and 

also during the daytime even when the breathing is 

normal. 

A facial profile also could be an important 

component in diagnosing risk factors of OSA. 

Banabihl et al postulated in their study that a convex 

profile was more common in patients with OSA.22 

Convex profile because of mandibular 

retrognathism has an increased chance of upper 

airway collapse. The subjects in the high-risk group 

in our study also predominantly demonstrated a 

convex profile (48.4%) but were not statistically 

significant. Also, all those participants who 

reported snoring and tiredness were identified to be 

in the high-risk category. Berger et al found that 

patients with snoring had an increase in the 

apnoea/hypopnoea index over time which led to 

OSA.23 Conversely, Chotinaiwattarakul et al 

reported a substantial reduction in patients’ 

complaints of tiredness with good adherence to 

Continuous positive air pressure (CPAP) for OSA.24  

There is a higher prevalence rate of crashes among 

SDB patients and they have an increased risk of 

morbidity and mortality, particularly due to 

excessive daytime sleepiness and cardiovascular 

diseases.  EDS assessed subjectively by the Epworth 

sleepiness scale showed 29.6% among high-risk 

individuals. The results of the study indicate a 

marked overall association of SDB with high-risk 

factors for OSA. OSA patients are often tired and 

sleepy during the daytime and also contribute to 

neurocognitive deficits which can further impair 

their driving performance leading to road traffic 

crashes.25 Additionally, a drowsy driver fails to 

assess the hazardous situations while driving due to 

impaired decision-making. The alarming higher 

percentage of high-risk group subjects in a smaller 

study sample of public transport drivers of the 

Kochi population necessitates screening of larger 

samples of public transport drivers. Proper 

awareness and screening of public transport drivers 

in coordination with transport authorities and 

health agencies regarding SDB may ensure the 

safety of both drivers and passengers. Thus, it is 

important to conduct systematic screening 

procedures among public transport drivers for 

identifying sleep-disordered breathing while 

driving license is being issued or renewed for 

ensuring road safety. 

Conclusion 

Sleep disorders are highly prevalent among public 

transport drivers leading to poor quality of sleep 

and motor vehicle crashes. In this study, older age 

and increased BMI indicating obesity were shown 

to be significant independent risk factors for 

developing OSA. Thus, the study findings 

emphasize the need to conduct screening protocols 

and awareness programs for identifying sleep 

disorders among public transport drivers for 

improving their general and psychological well-

being and thus reducing road traffic crashes. 
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Original Article 

Sharp injuries during clinical training among medical students in 

the University of Peradeniya, Sri Lanka 

Dalugama C1, Gamage K1  

                                                                                       1Faculty of Medicine, University of Peradeniya, Peradeniya, Sri Lanka 

ABSTRACT  

Introduction: Medical students are exposed to blood and body fluids during their clinical 

training which increases the risk of transmission of blood-borne infections. The objective 

of the study is to assess the prevalence, knowledge, attitude and practices regarding 

sharp injuries among final medical students of the University of Peradeniya, Sri Lanka 

Methods: A survey was done among 210 final-year medical students of the University 

of Peradeniya with a self-administered online questionnaire including demographic 

information, experience, knowledge and reporting behavior following sharp injuries.  

Results: Response rate was 80% (n=168). Sharp injuries were experienced by 22.6%. Most 

of the sharp injuries were sustained during venepuncture (39.5%). The majority (58.9%) 

did not adhere to universal precautions as they did not anticipate the event. One-third of 

the students (31.6%) did not know about universal precautions. Most of the students 

(68.4%) who had a sharp injury did not seek post-exposure assistance or prophylaxis. 

The majority of this group thought there is no risk (64%). Twenty-five students have not 

completed the full course of the hepatitis B vaccine. More than half (51.8%) of the fully 

vaccinated group were unaware of their immune status.  The majority (67.3%) believed 

that their knowledge is not adequate regarding the prevention and management of 

needle stick injuries. The majority (97%) believed more emphasis should be given to 

knowledge and practice regarding sharp injuries. 

Conclusion: The knowledge, attitude and practices of medical students regarding the 

prevention and management of sharp injuries were unsatisfactory. Poor awareness 

was observed regarding immune status following hepatitis B vaccination among 

medical students.  

Keywords: Blood-borne infections, Health care workers, Medical students, Sharp injuries, 

Sri Lanka 

 
 

Introduction 

Healthcare workers (HCWs) including medical 

students are at a higher risk of exposure to 

infectious agents during clinical work. This 

includes exposure to contaminated sharp 

instruments which increases the risk of 

transmission of various blood-borne infections 

including HIV, Hepatitis B and C and many others. 

Sri Lanka has a low level of HIV epidemic, with 

HIV prevalence below 0.1% which is well below 

other South Asian countries including India.1    

Prevalence of Hepatitis B is less than 2% and 

Hepatitis C has an intermediate level prevalence in 

Sri Lanka.2-4 But this recent change in social 

structure and proximity to India makes Sri Lanka 

very vulnerable to blood-borne infections.5  
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The health system in Sri Lanka is free for all and it 

caters ever-increasing number of patients with 

various medical conditions. The recent Covid 19 

pandemic and an increasing number of dengue and 

leptospirosis patients have saturated the capacity 

in health care. HCWs are overburdened with the 

increasing patient numbers and the high number of 

clinical procedures carried out. The risk of 

occupational exposure to blood and blood products 

is invariably increased in HCWs who are 

overworking with many patients. The use of 

universal precautions before a clinical procedure 

and recommended practices after a possible 

exposure to blood or body fluids are practices at a 

lower level in developing countries.6-8 This could be 

multifactorial including a lack of knowledge, lack 

of supervision, or unavailability of necessary 

personal protection equipment (PPE). 

Medical students in their clinical years are expected 

to carry out many hands-on clinical procedures as 

a part of their curriculum. They are involved in 

clinical procedures such as blood draws, 

intravenous cannulation, and surgical procedures 

in the theatre and labor room. During these 

procedures, students are vulnerable to getting 

exposed to blood and body fluids. There are many 

factors contributing to this including, lack of 

practice and experience, and poor knowledge and 

practice about universal precautions.9,10 After an 

exposure, practice of post-exposure prophylaxis 

and proper notification to relevant bodies are also 

not commonly seen.  

The objective of this study is to assess the 

prevalence of exposure to blood and body fluids 

among final-year medical students at the 

University of Peradeniya. In addition, we have 

assessed knowledge, attitudes, and practices of 

universal precautions practiced and post-exposure 

prophylaxis. Knowledge of infections in 

occupational exposures and vaccinations to 

prevent infections were assessed.  

Methods 

A cross-sectional descriptive study of final-year 

medical students was carried out in 2022. Ethical 

clearance for the study was obtained by the Ethical 

Review Committee of the Faculty of Medicine, 

University of Peradeniya. The students in the 

sample were in the final year doing the second 8-

week rotation of professorial appointment. There 

were 210 students registered in the batch. The link 

for the google form containing the questionnaire 

was forwarded to all the final year medical 

students via email.   Along with the google form, 

an information sheet was forwarded explaining the 

purpose of the study. The questionnaire contained 

102 items in the form of multiple-choice questions 

(MCQs) and short answer questions. English 

medium was used in the questionnaire. These 

questions assessed different domains of the 

objectives including prevalence, knowledge, 

attitude and practices regarding the prevention 

and management of sharp injuries. The frequencies, 

percentages and prevalence rate were calculated. 

Chi-square test was used to assess the significance 

when relevant. 

Results 

The response rate was 80% (n=168) and among 

them 54% were females. All participants were in 

the age group of 25-30 years (mean age 26.3). More 

than one-third (44.6%) reported not having any 

formal teaching and training on the prevention of 

needle stick injuries as a part of the curriculum. 

Among participants, 22.6% had sustained a sharp 

injury during clinical procedures. There is no 

statistically significant difference in exposure to 

blood or body fluids between males and females 

(P=0.2). 

Most of the exposure to blood-borne infections 

was in the form of percutaneous injury by sharp 

instruments (86.8%). Others (13.2%) had exposure 

to body fluids and potentially infective material. 

Most of the needle stick injuries were sustained 

during venepuncture (39.5%). Nearly one-fourth 

of needle stick injuries were during performing or 

assisting surgery. More than one-fifth (21%) had a 

percutaneous injury during suturing of 

episiotomies (Figure 1). 
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Figure 1- Type and frequency of sharp injuries 

 

 

Attitude and practices regarding preexposure 

precautions 

Only 52.6% of students who had a sharp injury 

believed that they practiced universal precautions 

during the clinical procedure. Most of the students 

(89.5%) used gloves during the procedure. Among 

this group, 58.9% reported not using universal 

precautions as they did not anticipate the event. 

One-third of the students (31.6%) in this group did 

not know about universal precautions. Reasons 

that the student provided for non-adherence to 

universal precautions are summarized in figure 2

.  

 

  

 

 

 

 

 

 

 

 

 

Figure 2- Reasons for not following universal precautions 

 

 

Attitude and practices regarding postexposure 

prophylaxis 

Among the students who had a sharp injury, 84.2% 

washed the prick site with runny water. Two 

students did not do anything specific. A small per 

cent of the exposed group followed measures that 

are not recommended such as scrubbing, 

squeezing, and applying antiseptics. 

Most of the students (68.4%) who had a sharp 

injury did not seek post-exposure assistance or 

prophylaxis. The majority of this group thought 

there is no risk (64%). Eight students have taken a 

detailed history from the source person and 

decided that there is no additional risk (Figure 3). 

Among students who have sought post-exposure 

assistance, the majority informed ward sister 

(n=16) and the infection control unit (n=15). But 

only 11 students had their exposure documented 

and notified. Three students were started on post-

exposure prophylaxis (PEP) for HIV after the 

exposure.  

  

31.60%

5.30%

5.30%

57.90%

10.50%

21.10%

I did not know about universal precautions

I was not aware of the consequences.

My ward did not have  adequate facilities (such as
gloves/sharp bins )to follow the precautions.

I  did not anticipate the event.

I did not have any formal practice/ teaching about
universal precautions.

Seniors did not use universal precautions, so i was
reluctant to follow.
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Figure 3- Actions occurred after sustaining a needle stick injury 

 

Knowledge about blood-borne infections 

Most of the students were aware that Hepatitis B 

(n=167) and HIV (n=165) can be transmitted 

through sharp injuries. But only 73.2% of the 

study group were aware that Hepatitis C can be 

transmitted by a needle prick injury.  

Among final-year medical students, 14.9% (n=25) 

have not completed the full course of the hepatitis 

B vaccine although most of them (97%) were 

aware that the hepatitis B vaccine is 

recommended for HCWs. More than half (51.8%) 

of the students who had the full course of hepatitis 

B vaccine, were not aware of the hepatitis B 

antibody status and 41.1% did not know where to 

go to get their antibody levels checked. Twenty-

nine students (17.3%) were not aware or had 

heard of post-exposure prophylaxis.  

Only one-third of the students (32.7%) believed 

that their knowledge is adequate regarding the 

prevention and management of needle stick 

injuries. The majority of the students (95%) 

believed that more emphasis on improving the 

knowledge and practice regarding sharp injuries 

should be given in the clinical curriculum 

Discussion 

The medical students are having a hands-on 

exposure to a wide variety of clinical procedures 

during their clinical appointments as a part of the 

medical curriculum. Some of the procedures were 

directly supervised by the doctors such as 

assisting in major surgery, but some are not 

directly supervised such as suturing episiotomies 

or venepuncture. Some clinical procedures are 

taught to medical students by junior doctors (e.g. 

house officers) or nurses in informal ways such as 

venepuncture and episiotomy suturing. Lack of 

experience and practice makes them more 

vulnerable to getting exposed to blood and body 

fluids during these procedures. This mainly 

involves sustaining sharp injuries leading to an 

increased risk transmitting of blood-borne 

infections. This study showed a significant 

proportion of medical students getting exposed to 

sharp injury during clinical procedures and 

unsatisfactory pre-exposure precautions and post-

exposure prophylaxis.  

In a study done in Sri Lanka in 2008 among 

medical students at the University of Colombo, 95% 

of the students had one or more sharp injuries.11 

But among 168 final-year medical students at the 

University of Peradeniya, only 22.6% had a sharp 

injury during their clinical training. An in-depth 

analysis needs to be done to identify factors for 

this difference. But the final year medical student 

batch we studied in 2022 completed their 3rd and 

4th clinical years amidst the Covid Pandemic, 

which probably affected their clinical exposure. A 

reduction in the number of clinical procedures a 

student carries out would invariably lead to a 

reduction in sharp injuries sustained. But this 

needs to be supported with further data and 

research. 

Most of the sharp injuries sustained by students 

were during venepuncture. A significant number 

of students had sharp injuries during episiotomy 

15.8%

57.9%

68.4%

57.9%

78.9%

57.9%

84.2%

0 2 4 6 8 10 12 14 16 18

Medical student was started on post exposure…

Patient was conselled by docotr and blood taken…

Blood of the medical student was sent for HIV and…

Hepatitis B antibidies were checked

Infection control unit was informed

Documentation of the incidence

Ward sister was informed
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suturing and assisting surgery. Most medical 

students gain the skill of venepuncture through 

junior doctors or nurses and episiotomy suturing 

through junior doctors. They do not have any 

formal teaching or hands-on skills training 

sessions in a skills laboratory on these procedures. 

After minimal training, they tend to perform these 

procedures unsupervised.12 Therefore, they carry 

a high risk of sustaining sharp injuries 

inadvertently.  

Universal precautions during a clinical procedure 

should be taught, supervised, and reinforced 

among medical students. It should be an essential 

component of the medical curriculum.13  Skills 

laboratories available in the universities and 

hands-on training sessions on universal 

precautions can be easily introduced and students 

can be trained. Among the medical students who 

sustained sharp injuries nearly one-third were not 

aware of the universal precautions. Among those 

who did not use universal precautions, many did 

not anticipate sharp injury. And some reported 

that they were reluctant to use universal 

precautions as they were not practiced by the 

seniors.  

Most of the students (97%) were aware of hepatitis 

B vaccination is recommended for HCWs, but 15% 

of the students in the final year have not 

completed the full course of vaccine. Among 

students, 58.9% knew that only some people 

develop protective antibodies against the 

Hepatitis B vaccine, and more than half of the 

students did not have their hepatitis B antibody 

level checked. This is significant as vaccination 

induces antibodies only in 85% of people and it 

may give a false sense of security to the student 

about security.14 Among these students, 41.1% did 

not know where to go to get the antibodies 

checked. This is an important aspect that needs to 

be addressed and students should be motivated to 

get their hepatitis B immune status checked.   

Post-exposure prophylaxis is known to 

significantly reduce the transmission of blood-

borne viral infections such as hepatitis B and HIV, 

provided that they are started promptly after a 

risk assessment.15,16 In this study, we found a 

significantly low level of reporting and seeking 

assistance after a sharp injury. The vast majority 

(68.4%) did not seek any post-exposure assistance 

or prophylaxis. The main reason was the 

perception of the medical students that there is no 

additional risk. Some students have talked with 

the source patient and reassured themselves as no 

risk. Reporting to ward sister and infection control 

unit remained at a low level and low level of 

notification and documentation were noted 

among students.  

Conclusions 

We found that the knowledge, attitude, and 

practices of medical students regarding the 

prevention and management of sharp injuries are 

not satisfactory. Poor awareness was observed 

regarding confirming immunity following 

hepatitis B vaccination among the medical 

students.  

The study emphasizes that medical students 

should receive comprehensive pre-clinical 

training on universal precautions and post-

exposure management of sharp injuries. 

Universities can use skill laboratories to improve 

student’s hands-on skills to give confidence and 

competence before dealing with patients. 

Adopting a strategy to improve hepatitis B 

vaccination and assessing the immune status 

during the pre-clinical years of the medical 

student would minimize the risk of hepatitis B 

transmission.  

Limitations 

Clinical exposure of the studied student batch was 

somewhat compromised due to the Covid 

pandemic in Sri Lanka and this might have 

affected the lower incidence of sharp injuries. 
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Original Article 

Assessment of noise-induced hearing loss (NIHL) of weaving 

factory workers in West Bengal, India - a pilot study 

Patel J 1, Ghosh T1 
1Ergonomics and Exercise Physiology Laboratory, Department of Health and Wellness, Sri Sri 

University, Cuttack, Odisha 754006, India 

ABSTRACT  

Introduction: Excessive noise exposure is one of the majorly considered occupational 

stressors for industrial workers. The operation of steel weaving machinery producing a 

high level of noise such as weaving machines, crimping machines, and hydraulic press 

machines for a prolonged period increases the risk of developing noise-induced hearing 

loss (NIHL).  The main aim of the study was to assess the auditory health of the workers 

exposed to a high level of noise in a steel weaving factory and the prevalence of NIHL 

among workers. 

Methods: Twenty six (26) subjects in the age group of 25-55 years from a steel weaving 

industry of Chinsurah town, Hooghly district of West Bengal were randomly selected 

with 5 years of exposure for the study. The control group was selected from the same 

age group, socioeconomic status and geographical location and had no history of such 

exposure. The physiological parameters of the workers, noise levels in the workplace 

and auditory functions and the risk of NIHL were assessed by standardized protocol and 

statistically analyzed. 

Results: The study indicated that steel weaving factory workers had significantly 

reduced hearing functionality at 4000Hz and 6000Hz in the left ear respectively. It also 

revealed that the workers were exposed to high noise exposure of 131dB near the 

weaving machine, 113dB at the crimping machine, and 84dB at the hydraulic press 

machine respectively. 

Conclusion: A high level of noise exposure leads to deterioration in the hearing 

capabilities of steel-weaving industrial workers. Implementation of ergonomic 

interventions in the workplace and the use of personal protective equipment (PPE) may 

decrease the prevalence of NIHL and can help to prevent hearing loss in workers. 

Keywords: Auditory health, NIHL, occupational stress, steel weaving factory workers 

 

 

Introduction 

Hearing loss is ranked the fourth highest cause of 

disability across the globe estimating 466 million 

people having disabling hearing loss.1 Occupational 

noise exposure is the major stress undergone by 

industrial workers and is the second major self-

reported occupational illness having social, 

functional and economic impacts on industrial 

workers.2-3 Noise harm the health of individuals and 

the community exposed. It disturbs the work-rest 

cycle and biological rhythm of the individuals 

leading to damaged hearing and eliciting 

physiological, psychological and pathological 

reactions.4 Occupational hearing loss is considered 

one of the majorly occurring occupational diseases. 

It is found about 49% of male miners undergo 

hearing loss at the age of 50. The figure rises to 70% 

by the age of 60. Occupational hearing loss is faced 

by a large sector of the working force.5 It is estimated 

about 16% of the disabling hearing loss in adults 

develops on exposure to occupational noise.6  
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Hearing loss developing from chronic noise 

exposure leads to the gradual disruption of hearing 

sensitivity which on being unaware later develops 

into NIHL.7 

The occupation having a high risk of NIHL includes 

heavy engineering, quarrying, tunneling, mining 

and textile machinery.2 NIHL is defined as an 

incurable and irreversible disease with prevention 

being of primary importance. The early signs of 

occupational hearing loss can be detected by simple 

audiometric evaluations. A periodic audiometric 

examination can be considered the principal 

medical prevention of excessive noise exposure.8-9 

According to OSHA if the noise level in the 

workplace is 85 dB(A) or above for an average 

period of eight hours the employers must organize 

a hearing conversation program for the employees.10  

Occupational health diseases often have a long 

latency period, making it difficult to diagnose at the 

primary stage. 11 It is important to assess workers 

hearing functionality for preventing the risk of 

developing NIHL.12 Periodic hearing conservation 

program with audiometric screening tests in the 

workplace for the workers can increase the 

effectiveness of the hearing protection protocol and 

proper education for increasing awareness of risks 

of noise exposure. The present study was made to 

assess the auditory health of the workers exposed to 

the high level of noise in a steel weaving factory and 

the prevalence of NIHL among workers and to 

compare the auditory health ( at varied frequencies) 

in both the ears of the workers working in steel 

weaving factory with the control group. 

Methods 

The study was conducted on workers of a steel 

weaving factory in Chinsurah town, Hooghly 

district of West Bengal. Twenty-six steel weaving 

factory workers were randomly selected for the 

prevailing study as the experimental group. All the 

selected workers were having a minimum working 

experience of 5 years of their present occupation and 

were in the age group of 25-55 years. The control 

group was selected from the same socioeconomic 

and geographical locations. The consent of the 

workers was taken verbally before the study. 

A study was made based on the auditory complaints 

of the workers of a steel weaving factory for the 

study period. The questionnaire comprised of series 

of polar questions on hearing discomfort and using 

of PPEs- “Do you recently have difficulty in hearing 

words clearly?”, “Are you having difficulty in 

hearing while working- yes or No?”, “Do you feel 

frustrated when you do not get words clear- yes or 

no?”,” Do you experience tinnitus after working 

with the machine- yes or no?”, ” Do you experience 

pain during working with noise-producing 

machine- yes or no?”,”Do you use PPE while 

working- yes or no?- if No then “Do you think of 

using PPEs while working – yes or no?” 

The physiological parameters involving blood 

pressure, pulse rate, and mid-arm circumference of 

the steel weaving factory workers and the control 

group were assessed using a standardized protocol. 

 The noise levels at the different areas of the steel 

weaving factory were taken during the working 

period using Cel-231 Type 2A sound level meter. 

Three readings were taken near the operation of 

machinery in the beginning hours, in the middle and 

at the end of the working day. The locations from 

where the readings were taken were near the 

weaving machine, crimping machine and Hydraulic 

press machine respectively. 

All the audiograms were assessed using Arphi 

audiometer. Bone and air conductance for both ear 

were performed from 1000Hz to 8000Hz 

respectively.  

Hearing loss can be categorized into five types.13 

Mild HL: hearing threshold between 26-40 dB HL. 

Moderate HL: hearing threshold between 41-55 dB HL. 

Moderately severe HL: hearing threshold between 56-70 

dB HL. 

Severe HL: hearing threshold between 71-90 dB HL. 

Profound HL: hearing threshold more than +90 dB HL 

Student “t” test was performed among the steel 

weaving factory workers and the control group to 

find out whether there is any significant difference 

between the physical parameters and thresholds of 

hearing for frequencies 1000 Hz, 1500Hz, 2000Hz, 

3000Hz, 4000Hz, 5000Hz, 6000Hz and 8000Hz 

respectively for the chosen level of significance(p< 

0.05). Statistical analysis was performed using SPSS 

version 17 (Chicago, Illinois, USA). 
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Results 

Table 1 represents the demographic information of 

the male steel weaving factory workers denoted as 

the exposed group and the control group showing 

the mean age of the exposed group is 31.10 years, 

height and weight to be 162.93 cm and 64.62 cm 

while the mean age of the control group is 32.35 

years, height and weight is 161.69 cm and 64.50 cm 

respectively. From Table 1 it was observed that there 

was no significant change in age, stature, and weight 

between the exposed and control groups. 

The mean values of the physiological parameters  

 

 

including systolic pressure,diastolic pressure, pulse 

rate and Mid arm circumference of the noise 

exposed group and control group is represented in 

Table-2. It was observed that there was significance 

change in systolic pressure between exposed and 

control group. 

We have observed sound levels at various 

workplaces where different machineries ( weaving 

machine, cramping machine and Hydraulic press 

machine) are operated. The mean noise levels near 

weaving machine, cramping machine and 

Hydraulic press machine is found to be 131.83 dB, 

113dB and 84.16 dB respectively as shown in Table 

3.

 

Table 1. Demographic information about the noise Exposed group and Control group 

 

Parameters Exposed Group Control Group t value P value 

Age(years) 31.10(±7.92) 32.35(±7.73) 0.58 0.57 

Height (cm) 162.93(±7.23) 161.69(±7.87) 0.59 0.57 

Weight (cm) 64.62(±9.52) 64.50(±9.11) 0.04 0.96 

 

Table 2. Physiological parameters of the Noise exposed group and control group 

 

 

Table 3. Noise levels in selected workplaces 

 

 

 

 

 

 

 

 

 

Parameters Exposed Group Control Group t value P value 

Systolic pressure(mm Hg) 133.46(±10.89) 121.62(±5.66) 4.91 P<0.0001 

Diastolic pressure(mm Hg) 79.04(±7.06) 80.08(±0.69) 0.75 0.46 

Pulse rate(bpm) 76.73(±6.84) 72.19(±4.14) 2.89 P=0.005 

Mid arm 

circumference(cm) 

28.15(±2.18) 25.77(±2.09) 4.01 P=0.0002 

Workplace areas Noise level(dBA) 

Near weaving machine 131.83±1.25 

Cramping machine 113±10 

Hydraulic press machine 84.16±0.76 
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About 73% of the steel weaving factory workers 

responded to having difficulty hearing words 

clearly. 69% of the exposed population faced 

difficulty in hearing properly. From the study, it was 

observed that about 62% of the workers responded 

to being frustrated when do not get the words clear. 

58 % of the workers agreed on experiencing tinnitus 

after working with machines and ear pain during 

working with noise-producing machines. Only 31% 

of the study population used PPEs while working 

and 38% of the steel weaving factory workers 

responded to not thinking of using PPEs while 

working as mentioned in Table 4.  

The mean hearing threshold level of both the right 

and left ear of the exposed group and control group 

at a varied frequencies of 1000Hz, 1500Hz, 2000Hz, 

3000Hz, 4000Hz, 5000Hz, 6000Hz and 8000Hz 

respectively is shown in Table 5. It was observed 

that there was a significant difference in hearing 

threshold levels at varied tested frequencies in the 

exposed and control group. 

 

Table 4. Frequency distribution of Auditory complaints and practices 

 

Auditory complaints and Practices Steel weaving 

factory workers 

Do you recently having difficulty in hearing words clear? 19 (73%) 

Are you having difficulty in hearing while working? 18 (69%) 

Do you feel frustrated when you do not get words clear? 16 (62%) 

Do you experience tinnitus after working with machine? 15 (58%) 

Do you experience ear pain during working with noise producing machine? 15 (58%) 

Do you use PPE while working? 08 (31%) 

Do you think of using PPEs while working? 10 (38%) 

 

 

Table 5. Hearing Threshold of the noise exposed group and control group for the tested frequency 

 

 

 

 

Frequency(Hz) Ear Exposed group Control group t value P value 

1000 Left 27.31(±2.54) 46.73(±4.89) 17.97 P<0.0001 

1000 Right 27.50(±2.55) 50.58(±4.08) 24.46 P<0.0001 

1500 Left 30(±4.00) 38.65(±5.20) 6.72 P<0.0001 

1500 Right 29.81(±4.11) 39.62(±5.81) 7.02 P<0.0001 

2000 Left 19.81(±3.86) 26.73(±5.46) 5.27 P<0.0001 

2000 Right 17.50(±2.55) 27.31(±6.20) 7.46 P<0.0001 

3000 Left 50.19(±4.57) 27.50(±2.91) 21.35 P<0.0001 

3000 Right 54.23(±3.65) 29.23(±5.03) 20.51 P<0.0001 

4000 Left 50.00(±5.2) 23.46(±3.67) 21.26 P<0.0001 

4000 Right 47.31(±5.51) 24.23(±3.92) 17.40 P<0.0001 

5000 Left 50.19(±4.57) 27.50(±2.91) 21.35 P<0.0001 

5000 Right 54.04(±3.74) 29.23(±5.03) 24.81 P<0.0001 

6000 Left 29.04(±3.47) 18.08(±3.76) 10.92 P<0.0001 

6000 Right 28.46(±5.43) 18.65(±3.62) 7.66 P<0.0001 

8000 Left 29.23(±5.94) 18.00(±3.67) 8.20 P<0.0001 

8000 Right 28.46(±5.43) 18.69(±3.62) 7.63 P<0.0001 
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Figure 1. Mean hearing threshold levels of left ear of exposed group and control group for various tested 

frequency 

 
 

 

The mean hearing threshold level of the left ear of 

the noise-exposed group and control group at 

different tested frequencies (1000Hz, 1500Hz, 

2000Hz, 3000Hz, 4000Hz, 5000Hz, 6000Hz and 

8000Hz) is shown in fig 1. A significant change in 

hearing threshold level in the left ear is observed in 

the exposed and control group. 

The mean hearing threshold level of the right ear of 

the noise-exposed group and control group at 

different tested frequencies (1000Hz, 1500Hz, 

2000Hz, 3000Hz, 4000Hz, 5000Hz, 6000Hz and 

8000Hz) is shown in fig 2. A significant change in 

hearing threshold level in the right ear is observed 

in the exposed and control groups. 

 

Figure 2. Mean hearing threshold levels of the right ear of the exposed group and control group for various 

tested frequency 

 

 

Discussion 

NIHL is considered one of the completely 

preventable hearing losses having significant health 

coupled with economic consequences primarily 

observed in southeast Asian countries.14 The present 

study showed the mean age of the steel weaving 

factory workers was 31.10 years within the age 

group of 25-55 years as shown in Table 1. The result 

was found to be consistent with the studies that 

prevailed in Thailand and Pakistan with mean ages 

of 33.8 years and 34.3 years respectively. 15-16 Most of 

the studies conducted in industrial workers in 

Bhutan, Thailand belong to the age group of 31-40 

years.17-19 The workers of the steel weaving factory 

work in 8 hours shift duration. According to the 

Factories act 1951 and standardized by International 

Labour Organization the working hours for 

continuous processes in Myanmar should not 
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exceed 8 hours a day or 44 hours or 48 hours. In the 

study, a significant increase in blood pressure 

( systolic blood pressure) was found in the noise-

exposed group than the control group shown in 

Table 2.  

Dzhambov et al. in their study showed a significant 

increase in the blood pressure of the workers who 

were exposed to occupational noise.20 The study 

showed similar results in a Taiwan study showing a 

positive correlation between blood pressure level 

and noise level.21 The noise levels in the workplaces 

where various types of machinery involving 

weaving machines (121.83 dbA), cramping 

machines (113 dbA), and Hydraulic machines (84.16 

dBA) were measured as shown in Table 3. The study 

showed the workers are exposed to highly 

hazardous noise levels for a prolonged period of 8 

hours of work shift which may lead to hearing loss. 

Kerdonfag P et al. mentioned in their study one time 

or prolonged period of exposure to loud noise can 

lead to hearing loss. Continuous exposure to loud 

noise for a prolonged period increases the risk of 

progressive and irreversible hearing loss in both 

ears.22 The NIOSH denotes 85dB(A) and more noise 

level as the restricting level for preventing hearing 

loss. The study made in Thailand 19 stated a 

significant increase in the risk of developing hearing 

loss among workers who are exposed to high noise 

levels above 85db(A). The noise-exposed group of 

the present study can be at higher risk of hearing 

loss development than the control group. The noise 

level measurements were made on A weighted 

network based on the simplicity and accuracy of the 

scale in evaluating hearing hazard. The scale has 

been internationally adopted for the assessment of 

noise exposure.23-24 From the study it was found that 

only 31% of the steel weaving workers used PPE 

while working with weaving machinery shown in 

Table 4. This may be due to poor awareness of NIHL 

risk and protective measures of PPE at the 

workplace. A United States study has shown 

increased reporting of hearing loss in unprotected 

workers.25 A study on industries showed the 

implementation of noise-reduction measures and 

the use of hearing PPE reduced hearing damage in 

young workers.26 Use of hearing protectors such as 

earmuffs, ear canal caps and ear plugs to reduce the 

noise level to a safer level should be promoted when 

engineering controls and work methods cannot be 

under feasibility.27 In the present study about  69% 

of the noise-exposed group have difficulty in 

hearing the words clearly. Studies mentioned a loss 

of clarification of perceived speech and difficulty in 

distinguishing particular words is observed among 

individuals having NIHL.28-29 Among the 26 noise-

exposed subjects 58% experience tinnitus after 

working in a noisy environment. Teixeira et al. 

stated the development of tinnitus from exposure to 

loud noise. The workers having hearing loss fails to 

mark hearing ability changes till the occurrence of a 

large threshold shift. The irreversible characteristic 

of tinnitus and severity increased with continued 

exposure.30 About 62% of the exposed group feel 

frustrated due to poor perception of the words. This 

may be due to the development of tinnitus which 

leads to the development of annoyance and poor 

mood. Tinnitus is considered one of the major 

problems for noise-exposed workers, primarily 

affecting mood, sleep, concentration, and quality of 

life.31 Sheppard et al. stated inability to get speech 

properly in the everyday situation due to hearing 

loss have a severe social impact.32 In the present 

study we found from the audiometric results shown 

in Table 5 the steel weaving factory workers 

significantly differed from the control group and 

were at significantly higher risk of developing 

bilateral NIHL than the control group in varied 

tested frequencies of 1000 Hz, 1500Hz, 2000Hz, 

3000Hz, 4000Hz,6000Hz and 8000 Hz respectively. 

Narasimhan et al. mentioned 4000Hz frequency to 

be severely affected by chronic noise exposure along 

with higher frequency ( 3 kHz-6KHz) than the lower 

frequencies (500Hz- 2KHz).33 Based on the hearing 

threshold level of the exposed group and control 

group at higher frequencies of 3kHz- 8kHz shown 

in Table 3, referring to the Olusanya et al. 

categorization of hearing loss the noise-exposed 

group has the probability of developing mild 

hearing loss As the noise-exposed workers of the 

steel weaving factory are exposed to chronic noise 

level for a prolonged period and not using PPE for 

convenience while working can have a cumulative 

effect on the increased risk of developing bilateral 

NIHL. 
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Conclusion  

 From the results and analysis of the study, it can be 

concluded that the steel weaving factory workers 

are exposed to hazardous noise levels in the 

workplace for an extended period of 8 hours of work 

shift, which may result in hearing loss. About 69% 

of the noise-exposed populations reported 

complaints of difficulty in hearing and more than 58% 

of the workers complained of tinnitus showing the 

probability of the development of hearing loss. Only 

31% of the steel weaving workers use PPE while 

exposed to chronic noise indicating poor awareness 

of noise exposure effect and NIHL risk in the 

workplace. The audiometric results showed the 

noise-exposed workers have the highest mean 

hearing threshold levels in 3KHz -5KHz than the 

control group suggesting the probability of 

developing mild hearing loss which gradually can 

develop into bilateral NIHL. Significant increases in 

blood pressure observed in the noise-exposed 

workers increase the risk of the development of 

hypertension. Occupational NIHL is considered one 

of the completely preventable hearing losses with 

significant health and economic consequences 

mostly occurring in developing countries. Since 

noise levels in the workplace are uncontrollable, the 

use of PPE while working on steel weaving 

machinery can help workers avoid hearing loss. 

Strict enforcement of the self-protective measures- 

use of noise-canceling earmuffs, ear canal caps, and 

ear plugs should be encouraged and periodic 

hearing conservation with audiometric screening 

tests can help to check the risk of NIHL. 
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ABSTRACT  

Introduction: Global pandemic of COVID-19 resulted in a nationwide lockdown which 

affected the migrants in terms of healthcare service accessibility. This led to an increase 

in the prevalence of various morbidity. Objective of this study was to assess the 

morbidity profile of camp attendees in Bangalore urban conducted during the lockdown 

period of the COVID-19 pandemic.   

Methods: During the pandemic lockdown, health camps were conducted in selected 

urban under-privileged areas of Bangalore city targeting the migrant workers and these 

records were reviewed and relevant data were analyzed. Variables included age, 

gender, residential address, occupation and morbidity. 

Results: Among the 484 participants who had attended the medical camp, the youngest 

patient was 1 year old and the oldest was 75 years with a median age of 27 years (IQR: 

20 – 35). The majority of the camp attendees were males (78%) and migrants (77%). 

Common morbidities noted were hypertension (5%) followed by musculoskeletal pain 

(4%). The other illnesses were anemia (3%), gastritis (2.5%), pre-diabetes (1.7%) and 

combined diabetes and hypertension (1.5%). There was no significant relationship 

between migrant status and the presence of any morbidity. 

Conclusion: Hypertension and musculoskeletal pain are the most common morbidity 

among the camp attendees. 

Keywords: Health camp, lockdown, migrants, urban underprivileged area 

 

 

Introduction 

A nationwide lockdown was announced on 24th 

March 2020 for the first time in India as a 

preventive step against the COVID-19 pandemic. 

All the essential services were made available 

including the health care services. The overall 

response to the lockdown was positive.1 But due to 

the fear of contracting the infection and strict 

lockdown measures that were implemented, 

people who needed medical attention either for 

their chronic noncommunicable diseases or for any 

acute onset illness, preferred to skip their routine 

hospital visits.2 This was evident with a drop in 

outpatient cases seen in every department of a 

hospital setting. There are no estimates as yet to 

know the non-COVID health-related morbidity 

and mortality. The community is expected to 

experience a surge in non-communicable diseases 

(NCD), lack of antenatal and postnatal care, mental 

illnesses, substance abuse, and domestic violence 

and in the long run the pandemic might have an 

impact on health-seeking behavior.3,4,5,6,7 
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Due to fear, stigma and lack of awareness, the 

healthcare-seeking behavior during the pandemic 

decreased leading to the reduced footfall of 

outpatients in hospitals.8,9 These ‘missing patients’ 

who failed to visit a health care center were 

encountered in the camp. The most affected were 

the migrant population facing difficulty in 

accessing health services. 

NCDs are estimated to account for 63% of all deaths 

in India and Karnataka has a big burden of 

ischemic heart disease, diabetes and 

hypertension.10,11 NCDs were one of the neglected 

entities during the lockdown.3 Reviewing the 

records that capture the morbidity profile of the 

camp attendees is a reflection of the health needs of 

the population during a lockdown particularly due 

to an outbreak. This information will help us plan 

and deliver health care services (emergency and 

non-emergency) on time ultimately reducing 

mortality other than the unfortunate COVID-19 

losses. The primary objective of the study was to 

assess the morbidity profile of camp attendees in 

Bangalore urban conducted during the first 

lockdown period of the COVID-19 pandemic.   

Methods 

A medical health camp was conducted by the 

Department of Community Health to cater to the 

health needs of the urban communities, especially 

the migrants in Bangalore. As a part of the outreach 

activity of the Division of Occupational Health 

Services, Department of Community Health, St. 

John’s Medical College Hospital health camps were 

conducted in partnership with the company, 

Enquero Global (India) under their Corporate 

Social Responsibility (CSR) activity, Poorna Swasta 

Mitra. The target population examined during the 

camp was mainly migrant workers. Migrant 

workers were identified to be the most vulnerable 

in terms of making ends meet or having adequate 

meals which also meant that their health care needs 

had also taken a back foot.12  

A record was maintained capturing the socio-

demographic and medical details of the camp 

attendees which were recorded manually in the 

field. According to World Health Organization 

guidelines, all participants above the age of 30 were 

screened for diabetes (using Accu-chek Instant 

glucometer) and hypertension (using Omron HEM 

7121 digital Blood Pressure monitor).13 Migrants 

with random blood sugar levels of 200 mg/dL or 

more were considered to have diabetes. Blood 

pressures were monitored using the standard 

protocol and those with consistently high readings 

even on the third reading (systole > 140 mm of Hg 

and diastole > 90 mm of Hg) were considered to 

have hypertension. 

After obtaining clearance from the Institutional 

Ethical Committee, these records were reviewed, 

and data were extracted using a structured 

instrument that included age, gender, residential 

address, occupation and morbidity. All the 484 

patients enlisted in the record were included. The 

data was then extracted to Microsoft Excel for data 

entry and 10% of the data was verified for accuracy 

and reliability by the second investigator. Data 

analysis was done using percentages, mean and 

median wherever necessary. The Chi-square test 

was used to find associations between migrant 

status with existing morbidities. 

Results 

This was a retrospective study, with records of 484 

people who had attended the medical camp. The 

youngest patient was 1 year old and the oldest was 

75 years with a median age of 27 years (IQR: 20 – 

35). The majority of the camp attendees were males 

(78%) and had migrated to Bangalore (77%).  

Most of the male participants were employed in the 

construction and garment sectors while a majority 

of the females were homemakers (Figure – 1). The 

migrants were involved in different activities on 

construction sites (Figure – 2). The non-migrants 

were farmers, having their own small businesses 

and/or delivery executives. Almost all the non-

migrants were from Bangalore urban areas 

whereas the majority of the migrants hailed from 

Bihar (19%) and Jharkhand (19%) followed by 

Orissa (11%) and West Bengal (8%). 
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Figure 1: Occupation of Camp attendees – 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Occupation in Construction of Camp Attendees – 2 

 

 

29.90%

9.90% 8.40%

2.80% 1.40% 1.40% 1.90%

0.70%

1.90%

3.30%
1.60% 1.40% 0.40%

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

Construction Garments Daily Wager Homemaker Sweeper Housekeeping Housemaid

Fr
e

q
u

e
n

cy

Occupation

Migrants Non-migrants

N = 414 

14.17%

17.32%

11.81%
13.38%

16.53%

7.08%
8.66% 8.66%

1.57%

0.78%

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

14.00%

16.00%

18.00%

20.00%

Mason Plastering Barbender Carpenter Tiles laying Tiles
polishing

Welding Painter

P
e

rc
e

n
ta

ge

Occupation

Migrants Non-migrants

N = 127 



Soumya C et al. Morbidity profile of migrant workers attending health camps in Bangalore urban during the Covid-19 pandemic 

81 

 

Almost three-fourths of the camp attendees (72%) 

did not have any known morbidities. Among those 

with co-morbidity, the majority were diagnosed 

with hypertension (5%) followed by 

musculoskeletal pain (4%) (Figure – 3). The other 

illnesses were pallor (3%), gastritis (2.5%), pre-

diabetes (1.7%) and a combination of diabetes and 

hypertension (1.5%). Other conditions like tinea, 

urticaria, dry eyes, allergic rhinitis and 

dysmenorrhoea were also managed during the 

camp including the provision of antenatal care (1%).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure – 3: Morbidity Profile of the Camp Attendees 
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All the camp attendees who were above the age of 

30 years were screened for diabetes and 

hypertension and we found that 3.5% had elevated 

sugar levels and 16% had elevated blood pressure. 

The prevalence of the common diseases among the 

non-migrants and migrants is depicted in Table – 1.  

Gastritis was more prevalent among migrants 

whereas hypertension and anemia are more 

common among the non-migrants. There was no 

significant difference in the mean age between 

males and females or between migrants and non-

migrants in the independent samples t-test. On 

doing the chi-square test, there was no significant 

association between elevated sugar and blood 

pressure levels with the migrant status (Table – 2). 

 

 

Table 1: Prevalence of common diseases between natives and migrants 

 

Disease 

Non-Migrants 

(112) 

N (%) 

Migrants (372) 

N (%) 

Hypertension 11 (9.5%) 14 (3.79%) 

Musculoskeletal Pain 6 (5.2%) 13 (3.52%) 

Gastritis 2 (1.7%) 10 (2.7%) 

Anaemia 7 (6.08%) 7 (1.89%) 

 

 

Table 2: Association between Migrant status and elevated Blood pressures and sugar levels. 

 

Variable 

Elevated Blood Sugar levels 

p value 

Yes No 

Migrant Status 

Yes 10 (2.7%) 359 (97.3%) 

p = 0.141* 

No 7 (6.1%) 108 (93.9%) 

 

Elevated Blood Pressure levels 

 

Yes No 

Migrant Status 

Yes 53 (14.4%) 316 (85.6%) 

p = 0.147* 

No 23 (20%) 92 (80%) 

*chi-square test 
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Discussion 

The median age of the migrant population was 27 

years and the majority were males which is similar 

to other studies on migrants.14–16 This is because the 

20 – 30 years age group is the ripe age for a 

demographic dividend, and they travel in search of 

a job. Also, this is the younger generation who 

realised the plight of the failed farming in their 

hometowns and shift with their families for better 

life and opportunities for their children.  

Migration is gendered and categorized. According 

to Census 2001, among all the migrants, females are 

twice the number of males probably because when 

a family migrates, the women also shift places.17 

The data shows that 14.7% migrated for 

work/employment among which 37.6% were men 

and 3.2% were women. Among the 43.8% who 

migrated for marriage, almost 65% were women. 

The trends are almost the same as with the 2011 

census which also shows that the highest out-

migrants are from Uttar Pradesh and Bihar.18 The 

top states for in-migration are Delhi and 

Maharashtra. The proportion of interstate 

migration in India was 55% before the 2001 census 

which came down to 33% in the 2011 census.   

A report shows that 47% of the migrants work in 

the construction sector whereas our study shows 

33.6% in different sectors of construction.19 This is 

because the metropolitan cities provide ample 

opportunities for the construction of newer 

buildings which creates demand for workers. The 

uneven growth and development of cities lead to 

urbanization, expansion and infrastructure 

development. Even though many native workers 

are also in construction, most are in technical roles 

whereas the migrants take up different roles under 

them. In many families, the women either were 

homemakers and took care of children or were 

employed as housemaids in the nearby apartments. 

A study done among migrants in Mangalore 

showed that two-thirds are men and the rest are 

women which is similar to our study.15 The major 

illnesses in previous studies were musculoskeletal 

pain and skin issues among migrants.14,16 Our camp 

results show that the prevalence was high for  

elevated blood pressure and sugar levels followed 

by musculoskeletal pain. The main reason for this 

pain is because of increased work hours, 

inadequate training in handling heavy objects and 

also uncomfortable living/ sleeping conditions. 

Gastritis which was prevalent may be due to the 

source of food and cooking environment or the 

cheap spicy food which is easily available. 

Mortality in 60%-90% of the Covid-19 cases is 

attributed to either one or more comorbidities like 

diabetes mellitus, hypertension, respiratory and 

heart disease, particularly among the elderly.20,21 

Temporary closure of outpatient health facilities in 

some of the secondary and tertiary care hospitals 

has deprived millions of NCD patients of their 

regular medication and diagnostic health needs. 

Due to the lack of robust primary healthcare 

facilities and ineffective public health interventions, 

socioeconomically vulnerable patients are more 

likely to become non-adherent to their routine 

medications thereby increasing their risk of disease 

complications.22  

Patients living with obesity and NCDs are at 

increased risk of health impacts of emergencies 

such as COVID-19. NCD health-care staff and 

associated workers and volunteers should be 

centrally involved in the planning of COVID-19 

response strategies to ensure that the needs of 

patients and caregivers are addressed. A 

streamlined response to COVID-19 in the context of 

NCDs is important to optimize public health 

outcomes and reduce the impacts of this pandemic 

on individuals, vulnerable groups, key workers, 

and society. Loss of job coupled with fear of 

contracting COVID on visiting a healthcare facility 

may have led to decreased adherence to 

medications and elevated blood pressure and sugar 

levels. It is advised to prioritize and ensure 

continued community-level services in a safe way 

to cater to NCD patients’ needs.23 

The global pandemic of COVID-19 and the 

resultant lockdown put a dent in the job 

opportunities and income of these migrant workers. 

Combined with being displaced from home, 

reduced options to visit the hospital, and the 
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inability to go back home strained the mental 

health of the migrant families.24 The main stressors 

of COVID-19 with increased IES-R score were not 

staying with family members, and influence of 

social media.25 They burnt through their savings 

and are on the verge of poverty in different parts of 

the country.26  Even though lockdown was 

implemented successfully which slowed down the 

disease transmissions, it hurt the economy of the 

country and especially migrant workers who are 

dependent on weekly wages for their livelihood.27 

These factors not only impacted the physical health 

but strained the mental health of the migrant 

population. 

Migrant workers were scared and anxious about 

the pandemic and their ability to go home. In this 

dire circumstance, health took a backseat and 

regular medications are a luxury that they can skip. 

Despite all these, migrants turned up in good 

numbers at the medical camp even if it is to check 

their temperature, blood pressure and oxygen 

saturation. Migration is always associated with 

marginalization, fragmentation, vulnerabilities, 

lack of social support, exploitation and exclusion.28 

Many a time, the onus is on their employers to 

provide support financially, providing groceries, 

or even organizing travel services.  

Conclusion  

The most prevalent morbidities among the migrant 

population were elevated blood pressure, elevated 

sugar levels, musculoskeletal pain and gastritis. 

Migrant populations are facing many challenges 

among which the most pressing issue is food and 

travel. Health is in the backseat mainly because of 

the access to healthcare coupled with the fear of 

contracting the disease on visiting a healthcare 

facility. Priority measures should be concentrated 

on providing basic amenities like groceries, 

drinking water, and shelter for these people until 

they can travel back to their hometowns. 
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Epidemiological pattern of corneal foreign bodies and utilization 

of protective eye devices: a hospital-based cross-sectional study 
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(CHEERS), Madhyapur Thimi – 01, Lokanthali, Bhaktapur, Nepal 

ABSTRACT  

Introduction: A corneal foreign body (CFB) is the most common occupational ocular 

injury that can cause secondary infection or scars on the visual axis, decreasing 

vision.  This study aimed to find-out practices of wearing protective eye devices in 

the workplace and the factors influencing the utilization of such devices among 

patients with CFB injury. 

Methods: A cross-sectional study was conducted in a tertiary eye hospital in 

Bhaktapur from April to August 2021. All patients with CFB attending the hospital 

were included in the study. CFB was removed with ocular examination under a slit 

lamp biomicroscope, and a face-to-face interview was conducted. 

Results: Among 142 patients, only one was female, and 41.5% had a previous history 

of CFB. The most common CFB particle was metallic (n=124, 87.3%). Three-fourths 

(75.1%) of patients were not using eye-protective devices at the time of injury, and 

45.1% tried physically removing the CFB in a harmful way. Nearly one-fifth (19.7%) 

had used topical antibiotic eye drops before presenting for CFB removal. Nearly half 

of the participants (46.5%) reported never wearing any protective eye devices, and 

the main reason for it was the unavailability of such devices at their workplace. The 

awareness of the need for protective eye devices (p<0.001) was significantly 

associated with using protective eye devices during work. 

Conclusion: The workers should be made aware of the consequences of harmful 

practices following CFB injury. The workers should wear protective eye devices to 

minimize the risk of ocular injury and consequent visual impairment. 

Keywords: Cornea, Foreign Body, Protective Device, Workplace. 

 

Introduction 

Ocular injuries are a major cause of preventable 

blindness worldwide.1 Work-related eye injuries 

constitute a public health problem responsible for 

significant morbidity, disability, and 

socioeconomic damage.2,3  A corneal foreign body 

is the most common occupational ocular injury, 

which occurs across several occupations like 

metallic and construction workers, electricians, 

carpenters, etc.4,5   

It causes multiple ocular symptoms, including red-

eye, foreign body sensation, pain, blurred vision, 

etc.6 It can also cause secondary infection or scars 

on the visual axis, decreasing vision.7 These injuries 

account for a significant amount of time taken off 

work for hospital visits, increasing healthcare 

costs.8 

The Bhaktapur Eye Study showed that the 

prevalence of ocular injuries in Nepal is 3.7%,9  

and the incidence varies from 2.2% to 4.9% each 

year, according to one study in Western Nepal.10 

The corneal foreign body comprises 20.4% to 22.5% 
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of ocular injuries cases in Nepal.11, 12 

Industrialization and urbanization have increased 

eye injuries worldwide, and similar is the situation 

in Nepal with an increase in the number of patients 

with OPD with corneal foreign body (CFB) 

injuries.13,14  The proper use of protective 

equipment would prevent 60–66% of eye injuries at 

the workplace.13  However, lack of use of protective 

equipment, poor health-seeking behavior of 

patients due to lack of education, or negligence 

create a worse prognosis, especially in developing 

countries.14  Hence this study was conducted to 

determine the etiologic factors, level of awareness, 

and utilization of eye protective equipment among 

the workers presenting with a CFB. 

Methods 

A cross-sectional study was conducted in the 

Hospital for Children, Eye, ENT, and 

Rehabilitation Services (CHEERS), Bhaktapur, 

Nepal. All the consecutive patients aged 18 years 

and above presenting with a complaint of foreign 

body in the Eye Outpatient Department of the 

Hospital from April to August 2021 were included 

in the study.  

Each patient underwent a careful, comprehensive 

slit lamp bio-microscopic examination by the 

attending Ophthalmologist to find the location, 

type of foreign body, complications, and corneal 

scars to determine past injuries and was recorded 

in OPD Cards. Corneal foreign bodies were 

removed using a 26-gauge needle under topical 

anesthesia, and topical antibiotics were prescribed 

for a week.  

Each patient was offered to participate in the study 

by an accompanying Ophthalmic Assistant who 

was oriented about the study and trained for data 

collection. The patients and their companions were 

briefed about the study objective, the information 

needed, and the expected duration of the interview. 

Only those patients or companions (for illiterate 

patients) who gave written consent to participate 

were selected for the study and interviewed for 

data collection using a semi-structured 

questionnaire. At the same time, the location, type, 

complications, and previous history of the foreign 

body were recorded from OPD Cards. The patients 

who had CFB at places other than workplace 

settings were excluded from the study. The corneal 

foreign body was marked as central, paracentral, 

and peripheral, taking into account a 3 mm radius 

as central, 3 to 6 mm radius as paracentral, and 

beyond that as peripheral.15  

The study team developed the study tool from 

literature review and finalized it after inputs from 

the expert advice of fellow Ophthalmologists, 

Public Health, and Health Promotion experts. The 

tool in the Nepali language was pre-tested in City 

Eye Clinic, Thimi, Bhaktapur, among 10 patients 

with CFB and modified for the structure and tone 

of the questions. Permission for the study was 

taken from the study site, CHEERS Hospital, and 

ethical approval was obtained from the Ethical 

Review Board of Nepal Health Research Council 

(Ref. No. 2778, ERB Protocol No. 109/2021P).  

The interviewers entered all the data from the 

questionnaire in Google Sheets on the same day of 

data collection. The data entered were checked and 

cross-checked for completeness by the researchers 

every day. The analyses were done using IBM 

Statistical Package for the Social Sciences (SPSS) 

version 26.0 (Released 2019. IBM Corp., Armonk, 

New York, United States). The frequencies and 

percentages were computed to assess the 

distribution of population characteristics, 

including age group, educational status, 

occupational settings, awareness about protective 

eyewear, history of foreign bodies in the eye, etc. 

To identify the associations between explanatory 

variables and the use of protective eye devices, 

bivariate logistic regression analyses was applied. 

Those variables with p-values <0.05 were included 

in a multivariate logistic regression analysis to 

determine the effect adjusted for each potential 

explanatory variable. A p-value of <0.05 denoted 

statistical significance.  

 

Results 

Among 149 patients approached for the study, 142 

(95.3%) participated and completed the interview 

session. 
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Socio-demographic characteristics of the patients  

More than four-fifths (83.8%) of participants were 

aged 18-40 years old, and only one female  

 

participant was in the study. More than two-thirds 

(67.6%) worked in the metallic and grill industry, 

as shown in Table 1. 

Table 1. Socio-demographic profile of the study participants (n=142) 

Characteristics Frequency Percentage 

Age-group 18 – 40 years 119 83.8 

41 – 70 years 23 16.2 

    

Gender Male 141 99.3 

Female 1 0.7 

    

Permanent 

residence 

Kathmandu valley 20 14.1 

Outside of Kathmandu valley 122 85.9 

    

Education Illiterate 28 19.7 

Literate 25 17.6 

Primary level 37 26.1 

Secondary level 35 24.6 

Intermediate 13 9.2 

Bachelor’s and above 4 2.8 

    

Type of 

Workplace 

Metallic & grill 96 67.6 

Carpentry 11 7.8 

Building & constructions 30 21.1 

Others  5 3.5 

 

Foreign body injury and complications 

Two patients visited for consultation within half an 

hour of foreign body injury, whereas 4.9% 

consulted after more than one week of the injury. 

The mean time before presenting for consultation 

was 44.52 (±46.97) hours. The average working 

days lost due to foreign body injury was 1.17 

(±1.16).  

More than half (53.5%) had a foreign body in their 

right eye, and 87.3% of study participants had a 

metallic foreign body. None had open globe injury, 

and the most common location of the foreign body 

was the paracentral (57.7%). More than one-fourth 

(26.1%) of the study participants had already 

developed complications following injury, and 

keratitis was the most common (62.2%), as shown 

in Table 2. Less than one-fourth (24.6%) of study 

participants reported wearing or using eyewear 

during the injury, and 24 of them were wearing 

goggles or sunglasses.  

History of foreign body injury  

More than two-fifths (41.5%) reported a history of 

previous foreign body injury in at least one of their 

eyes. On slit-lamp examination, 26.1% had scars in 

at least one eye suggestive of the previous history. 

Nearly two-fifths of (38.7%) study participants’ 

colleagues also had similar foreign body injuries in 

the past. 

Practices following foreign body injury  

More than two-fifths (45.1%) of the study 

participants physically tried to remove the foreign 

body either by self (n=45) or with the help of friends, 

colleagues, or family members (n=16) or with the 

help of non-eye health workers (n=2). Among those 

who tried to remove the foreign body, the most 

used material was handkerchiefs and other clothes 

(n=41). More than three-fifths (62.0%) of 

participants reported trying several remedies, like 

washing their eyes with clean water and using 

human milk, as shown in Table 3.  
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Table 2. Foreign body injury among participants (n=142) 

Characteristics Frequency Percentage 
    

Injured Eye Right 76 53.5 

 Left 66 46.5 
    

Location of  

Foreign Body 

Central 29 20.4 

Paracentral 82 57.7 

Peripheral 31 21.8 
    

Type of  

Foreign body 

Metallic particles 124 87.3 

Wooden particles 4 2.8 

Sand & stone particles 10 7.1 

Others (plastics & carbon 

particles) 
4 2.8 

    

Complications  

following  

injury 

None 105 73.9 

Keratitis 23 16.2 

Epithelial defect 9 6.4 

Corneal ulcer 4 2.8 

Iritis 1 0.7 
    

Use of any  

protective  

eyewear 

during injury 

None 107 75.4 

Goggles or sunglasses 24 16.9 

Glasses or spectacles 4 2.8 

Protective eye wears 6 4.2 

Metallic shield 1 0.7 

 

Less than half (47.9%) of the participants directly 

reported to our eye hospital. Among the remaining 

74 participants, 85.1% visited the nearby local 

pharmacy, 6.8% visited local clinics, 5.4% visited 

local eye clinics, and 2.7% reported visiting a 

general hospital (with no eye care services) to seek 

treatment before presenting to our eye hospital 

with an injury. Nearly three-fifths (59.9%) of 

participants reported using eyedrops before 

presenting to our eye hospital with a foreign body 

injury. Among them, one participant reported 

using topical steroids, none reported using eye 

ointment, and we could not verify the 29 medicines 

as depicted in table 3. 

Awareness and practices on Occupational Eye 

Health  

Two-fifths (40.8%) of participants had not received 

formal health and safety education on occupational 

eye health. However, more than two-thirds (72.5%) 

knew that a foreign body could cause visual 

impairment. But nearly one-third (32.4%) of 

participants were unaware of the need for 

protective eyewear at their workplace.  

Practices of using protective eye devices at the 

workplace (n=142) 

More than two-fifths (46.5%) of participants 

reported never using protective eye devices 

primarily due to the unavailability of such devices 

at their workplace, as presented in table 4.  

Factors influencing use of protective eye devices 

The bivariate analysis showed that literacy status 

(p=0.016), health education on occupational eye 

hazards (p=0.004), awareness about visual 

impairment from foreign body injury (p=0.044), 

history of the previous injury among self or 

colleagues (p=0.006), and awareness of the need of 

protective eye devices (p<0.001) were significantly 

associated with the use of protective eye devices 

during work. However, the multivariate logistic 

regression model suggested that the awareness of 

the need for protective eye devices (p=0.005, 

OR=18.883, 95% CI: 2.432-146.636) was the only 

variable significantly associated with the use of 

protective eye devices, as depicted in table 5.  
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Table 3. Practices following foreign body injury (n=142) 

Characteristics Frequency Percentage 

   

Physically tried  

Removing 

No 78 54.9 

Using handkerchiefs and other clothes 41 28.9 

Using coins 9 6.4 

Using paper note 7 4.9 

Using nails or needles 2 1.4 

Others (threads, pieces of cotton) 3 2.1 

Irrigation and syringes (at health 

center) 
2 1.4 

    

Self- 

Remedy tried  

before  

visiting Eye  

Hospital or other health  

Facilities 

None 54 38.0 

Cleaning with cold water 67 47.2 

Use of old eye drops 15 10.6 

Use of unprocessed herbal products 3 2.1 

Use of human milk 2 1.4 

Cleaning with lukewarm water 1 0.7 

    

Eye  

medicines used  

before  

presenting to Eye  

Hospital 

None 57 40.1 

Topical antibiotics eye drops 28 19.7 

Lubricating eye drops 19 13.4 

Naphazoline+ Phenylephrine 8 5.7 

Topical steroids eye drops 1 0.7 

Don’t know 29 20.4 

Eye ointment 0 0.0 

 

Table 4: Practices of using protective eye devices at workplace 

Characteristics Frequency Percentage 

    

Practices of  

using  

Protective Eye Wear at  

Workplace (n=142) 

Never 66 46.5 

Goggles or Sunglasses 55 38.7 

Special protective eyewear 10 7.1 

Simple glasses 9 6.3 

Metallic shield 2 1.4 

    

Reason for not wearing  

protective eye gear (n=66) 

Not available 32 48.4 

Felt unnecessary 15 22.8 

Uncomfortable 15 22.8 

Poor visibility 3 4.5 

Damaged or lost wear 1 1.5 
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Table 5: Association between patient’s characteristics and use of protective eye devices 

Characteristics Wearing 

Protective Eye 

Devices 

p-

value 

COR 

(95% 

CI) 

p-

value 

AOR 

(95% CI) 

  Yes  

n (%) 

No  

n (%) 

    

Age-Group 41 years and 

above 

6 (26.1) 17 

(73.9) 

0.861 1.095 

(0.395 – 

3.039) 

NA NA 

18 – 40 years 29 

(24.4) 

90 

(75.6) 

    

        

Literacy  

status 

Literate or with  

formal  

education 

33 

(28.9) 

81 

(71.1) 

0.016* 5.296 

(1.189 – 

23.597) 

0.101 3.757 

(0.773 - 

18273) 

 Illiterate 2 (7.1) 26 

(92.9) 

    

        

Ever received health  

education on 

occupational eye health  

hazards 

Yes 28 

(33.3) 

56 

(66.7) 

0.004* 3.643 

(1.465 – 

9.059) 

0.118 2.350 

(0.804 – 

6.866) 

No 7 (12.1) 51 

(87.9) 

    

        

Awareness about 

Foreign Body can cause 

Visual  

Impairment 

Yes 30 

(29.1) 

73 

(70.9) 

0.044* 2.795 

(0.997 – 

7.832) 

0.444 1.519 

(0.444 – 

5.192) 

No 5 (12.8) 34 

(87.2) 

    

        

History of similar  

injury in past year  

with self or colleague 

Yes 27 

(33.3) 

54 

(66.7) 

0.006* 3.313 

(1.380 – 

7.948) 

0.072 2.418 

(0.923 – 

6.333) 

No 8 (13.1) 53 

(86.9) 

    

        

Awareness on need of  

Protective Eye devices 

Yes 34 

(35.4) 

62 

(64.6) 

<0.001* 24.667 

(3.256 – 

187.012) 

0.005* 18.883 

(2.432 – 

146.636) 

No 1 (2.2) 45 

(97.8) 

    

        

*: Statistically significant at p<0.05; CI: Confidence Interval, COR: Crude Odds Ratio, AOR: Adjusted 

Odds Ratio 

Discussion 

In this study, CFBs occurred predominantly in-

migrant male workers, especially those working in 

the metallic and grill industries. The metallic 

foreign particles were the most common CFB.  

 

Despite being aware of protective eye devices, the  

majority were not using them at the time of injury. 

Even after the injury, they indulged in unhealthy 

practices like self-medication or attempting to 
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remove the foreign body by themselves or friends. 

The awareness of the need for protective eye 

devices (p<0.001) was significantly associated with 

using protective eye devices during work.  

In our study, most of the patients (83.8%) were in 

the age group 18 to 40 years. The mean age of the 

participants was 31.15 (±9.78) years, similar to the 

study done by Dass et al., where the mean age was 

31 years, and most of the patients were below 40 

years of age.16  In this study, 99.3% of the patients 

were male, similar to the study by Agrawal et al., 

where 99% were male.5  Male preponderance was 

also seen in several other studies.15,17  This shows 

that young males are more prone to such injuries. 

This might be due to the predominance of young 

and inexperienced males in metallic and grill 

industries, carpentry, and other high-risk jobs 

without occupational safety awareness and 

practices. 

About three-fourths (75.4%) of patients were not 

using protective eyewear at the time of injury. In a 

similar study in India, 86% of patients were not 

wearing glasses at the time of injury.5  In a study by 

Tuladhar et al., only 6.6% gave a history of wearing 

protective devices while working.11 In another 

study done in the United Kingdom, 39.33% of the 

patients with corneal foreign body injury were 

using some kind of eye protection while working.18  

The workers with awareness of the need for 

protective eye devices were about eighteen times 

more likely to use protective eye devices than those 

who were not in our study. Even though our study 

showed that 67.6% were aware of the need for 

protective eye devices, they were not wearing 

protective eye devices because of their 

unavailability (33.8%) at their workplace. The 

Labour Act of 2017 in Nepal clearly defines the 

employee’s duty towards the workers in making 

workplaces safe by providing personal safety and 

provisions as required, which seems to be missing 

in Nepal in such small-scale industries or informal 

occupational settings.19  Hence there should be 

regular supervision and monitoring from the 

concerned authorities regarding such provisions 

for laborers’ health and safety. 

Metallic and grill workers were most commonly 

affected (67.6%), followed by construction workers 

(21.1%) and carpenters (7.7%), and the most 

common foreign body material was metallic (87.3%) 

in our study. These findings resonated with the 

study done by Reddy et al., where industrial 

workers were most commonly affected, followed 

by the construction workers, and the metallic 

foreign body was the commonest,8 as with the 

construction and metal industry workers in 

another study in Washington D.C.20  In the older 

studies with ocular trauma, we could see that most 

corneal injuries were due to agricultural work and 

mainly occurred during harvesting seasons.10  

However, rapid urbanization and industrialization 

seem to have increased the shift in ocular injuries 

to mainly foreign bodies in Kathmandu valley.  

The mean duration between injury and the first 

visit to an ophthalmologist was 44.52 (±46.97) hours 

which was almost similar to the other study 

conducted in Turkey, where the mean duration 

between the injury and the presentation for 

consultation was 2.16 (±0.26) days.21 In our study, 

the most common location of CFB was the 

paracentral (57.7%) which was similar to other 

studies.8, 15  Due to this, the central vision was not 

affected in most cases, which might be the reason 

for the late presentation at the hospital. Even 

though 72.5% replied that they were aware of CFB 

causing visual impairment, they were late in 

presenting to visit Ophthalmologists. This 

indicates that they were not well aware or have not 

internalized the consequences (severity) of CFB, 

which might be due to fewer workers in such 

workforces with higher education, as shown in our 

study, where only 36.6% had completed secondary 

education or above. Besides, our study showed that 

41.5% had reported a history of previous corneal 

foreign bodies, and 26.1% had corneal scars 

suggesting past foreign body injury on slit-lamp 

examinations, implying that the participants had 

not internalized the consequences of CFB. Another 

reason for late presentation at the hospital could be 

the larger number (85.1%) of patients visiting local 

over-the-counter pharmacies after injury, and 59.9% 

used topical ocular medications. They might have 

waited for the medicine to have an effect on their 
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eye and only presented to us after the pain or 

discomfort did not subside. In addition, the time off 

from work to reach a nearby eye hospital in the first 

place could also have played a role in the late 

presentation to the eye hospital. In a study of ocular 

trauma in Nepal, 35% of patients had sought 

medical assistance before presenting to the hospital, 

and 41.9 % had been to pharmacies.12   As the 

pharmacies are seen as the first point of contact, it 

is important to educate the health workers of such 

drugstores about the need for early contact at the 

eye center for CFB removal and appropriate eye 

drops.  

We found that 41.5% of patients attempted CFB 

removal by themselves. In the study conducted by 

Ozkurt et al., 52% of patients attempted CFB 

removal on their own, which can cause further 

injury.21  In this study, the most frequently used 

material was cloth or handkerchief (64%), followed 

by currency notes (10%). In contrast, the most 

commonly used materials for the removal were 

currency notes  (31%), followed by napkins (7%) 

and cloth (4%) in a study done in Turkey.21 

Although our study showed that 59.2% reported 

receiving health education on occupational eye 

health hazards, unhealthy self-removal practices 

were still prevalent, leading to further 

complications and secondary infection. Hence, 

comprehensive eye health care education and 

training are advised, which is also the employer’s 

role according to Nepal Labor Act 2017.19 

Our study showed that the literacy status of the 

workforce was three to five times associated with 

the use of protective eye devices at the workplace. 

Similarly, a study done in South India among 

welders showed that workers with higher literacy 

levels had a higher protective eye device use.22 

Literacy is an important factor as literate workers 

are more likely to be aware of the visual 

impairment from CFB injury or their workplace 

safety rights. 

Our study revealed that the workforce with a 

previous injury history among self or colleagues 

was two to three times more likely to use protective 

eye devices. The treating health workers mostly 

counsel about the consequences of CFB injury and 

the use of protective eye devices for patients with 

foreign body injury, which might have led to the 

use of protective eye devices in the future. Health 

promotion in hospital settings could educate the 

patients and reduce the incidence of visual 

impairment by encouraging workers to use 

protective eye devices in workplaces with a higher 

risk of ocular injuries. In a study, behavioral change 

was noted among the workers after an injury, and 

66% of the workers were using eye protection since 

they had been treated for work-related eye 

injuries.23 

Limitation of the study 

The study was limited to the urban setting and only 

accommodated the patients coming to a tertiary 

level eye hospital. Hence this study cannot be 

generalized. Besides, this study only included 

patients coming for OPD checkups and did not 

include emergency care settings.  

Conclusion  

CFB occurs predominantly in young males 

working in the metallic and construction industries. 

Though most of the injuries are minor, it results in 

loss of days’ work leading to economic loss. Even 

though relatively cost-effective protective 

measures exist, the lack of compliance limits their 

effectiveness and results in corneal foreign bodies. 

Besides, workers should be educated about such 

eye injuries and encouraged to use eye-protective 

devices properly during their work through 

regular and comprehensive educational 

workshops in high-risk workplaces. Protective eye 

devices use should be strictly supervised and 

enforced at high-risk workplaces. 
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Workplace Well-Being in Manufacturing Organizations in Nigeria: Do 

Employee Green Behavior, Core Self-Evaluations and Empowering 

Leadership Matter? 

Edosomwan HS1, Oguegbe TM2, Joe-Akunne CO2 

1 Department of Psychology, Delta State University, Abraka, Nigeria 

2 Department of Psychology, Nnamdi Azikiwe University, Awka, Nigeria 

ABSTRACT  

Introduction: Workplace well-being has become a key issue in organizational behavior 

literature because of the impact it has on various outcomes in the organization. A 

plethora of studies have explored well-being among employees across various work 

settings. However, little is known about the predictors of workplace well-being in 

manufacturing organizations. Thus, this study examined employee green behavior, core 

self-evaluation, and empowering leadership as predictors of workplace well-being. 

Methods: A cross-sectional study was carried out in the Apapa area of Lagos State, 

Nigeria. Data were collected from 201 employees working in manufacturing 

organizations using a systematic random sampling technique. Approval was obtained 

from the institutional ethical committee. Four standardized and psychometrically sound 

instruments (on a five-point Likert format) were used for collecting data while regression 

analysis was used in testing the hypotheses via the IBM-SPSS version 25. 

Results: The participants comprised 124(61.7%) males and 77(38.3%) females with a 

mean age of 31.43 years and a standard deviation of 5.87. The individual regression 

values indicated that the predictive relationship between employee green behavior and 

workplace well-being (R= .43, p < .01), core self-evaluations and workplace well-being 

(R= .14, p < .05), and empowering leadership and workplace well-being (R= .19, p < .01) 

were positive and statistically significant. Based on the dimensions of employee green 

behavior; green learning (B= .15, p < .01), individual practice, (B = .21, p < .01), and 

influencing others (B= .12, p < .01) significantly predicted workplace well-being. 

Conclusion: This study provides valuable contributions to occupational health literature 

by bringing to light new evidence linking employee green behavior, core self-

evaluations, and empowering leadership to the experience of well-being at work. Hence, 

manufacturing organizations should encourage policies that offer rewards for green 

behavior, personal development, and managerial empowerment.  

Keywords: Core self-evaluations, employee green behavior, empowering leadership, 

manufacturing organizations; workplace well-being. 

 

 

Introduction 

Organizations worldwide have increasingly felt the 

need to contribute to the well-being of employees 

and contribute to the sustainability of the 

environment. Organizational and employee 

practices related to the environment have a 

consequence for varieties of workplace outcomes. 

Well-being in and outside the workplace is a 

common pursuit for individuals and organizations 

all around the world.1 Well-being among employees 

promotes various workplace behaviors leading to 

an increase in performance both on the part of the 

individuals and the organization.2 Therefore, it 

becomes pertinent to carry out research that will 

help in understanding the complexities of well-

being and other factors that can promote well-being 

in manufacturing organizations.   

Researchers have given considerable attention to 

mental well-being both within and outside the work 

environment. Workplace well-being is a vital 

construct for employees in manufacturing 

organizations. Literature indicates that the well-

being of employees in the workplace is very 

important to the work process, hence, unhealthy 
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workers can create a significant cost burden on the 

organization.2 

The absence of well-being among employees in 

manufacturing organizations could be detrimental 

to organizational processes because reduced well-

being has been associated with low productivity, 

errors in the production process, conflicts among 

colleagues, grievances and disciplinary incidents, 

low morale, and a negative work atmosphere.2,3 

Individuals spend a huge amount of time either in 

the workplace or being involved in work-related 

activities, therefore, it is not surprising that the 

quantity of time spent in the workplace and the 

workplace activities influence the overall health of 

an employee.4 

Workplace well-being is pivotal to understanding 

employees' general health and workplace 

behaviors.5 Based on this, employee well-being in 

the workplace influences other areas of their lives, 

hence, organizations need to ensure that workers’ 

well-being in the workplace is prioritized. 

Researchers have explored the impact of various 

individual and organizational variables that are 

likely to affect employee well-being. For example, 

Anwarsyah and Salendu studied job demand and 

workplace well-being in manufacturing companies 

while Hussain et al studied abusive supervision and 

the psychological well-being of employees in 

service organizations. 6,7 Hence, it is important to 

study employees’ discretionary behavior toward 

the environment, their core self-evaluations, and 

their leaders' empowering behaviors and how it 

impacts their well-being at work.  

Literature on the antecedents of workplace well-

being in the Nigerian manufacturing sector is 

dearth as most studies have been focused on 

exploring antecedents of psychological well-being 

such as management safety practices and workplace 

spirituality.8,9 Little is known about how individual 

discretional behaviors, self-evaluations, and 

leaders' behavior influence employees' experience 

of well-being at work. Consequently, employee 

green behavior, core self-evaluations, and 

empowering leadership were used in this study as 

possible antecedents of workplace well-being. The 

core self-evaluations theory which proposed that 

the multidimensional core self-evaluations 

construct consisting of self-esteem, generalized self-

efficacy, locus of control, and emotional stability 

influences various workplace outcomes informed 

the choice of core self-evaluations as a predictor 

variable.10 The utilization of empowering 

leadership as a possible prediction variable was put 

forward  by Weiss and Cropanzano's affective event 

theory.11 The affective event theory is the notion that 

events and individual experiences in the 

organization cause emotional reactions which have 

consequences for workplace attitudes and 

behaviors. In application to this study, empowering 

leadership can steer positive emotions which could 

in turn positively influence employee behaviors and 

their well-being. Thus, to fill these research gaps, 

the main objectives of the study are: (1) to examine 

the direct relationship between employee green 

behavior and workplace well-being, (2) to examine 

the relationship between core self-evaluations and 

workplace well-being, and (3) to explore the 

relationship between empowering leadership and 

workplace Well-being. 

Employee Green Behavior and Workplace Well-

Being 

Well-being is one of the salient factors in all areas of 

life and well-being in the work environment is not 

an exception. Well-being is defined as the 

combination of cognitive and emotional aspects 

experienced by individuals based on subjective 

evaluations of their lives. The individual's 

subjective evaluations include cognitive judgments 

about life, satisfaction, and affective reactions to life 

events.12 Well-being is a state that is characterized 

by stable, good, and satisfactory conditions in all 

areas of a person’s life. Workplace Well-being 

simply refers to an employee’s positive feelings 

regarding all areas of work life. Zheng et al. 

described workplace Well-being as an employee’s 

positive assessment of work and job-related 

experiences.13 The literature supports the claim that 

workplace well-being promotes behaviors that are 

beneficial to the organization. For example, 

workplace well-being has been found to increase 

organizational performance.14 

On the other hand, employee green behaviors are 

environmentally sustainable behaviors carried out 

by employees in an organization.15 Kim et al defined 

employee green behavior as voluntary behaviors 

carried out by employees to protect the work 

environment through the reduction of the negative 

impact of the activities of employees.16 Employee 

green behavior is a series of behavior carried out by 

an employee in the organization to reduce negative 

environmental impact and contribute to the 

sustainability of the environment, such as 

completing tasks in an environmentally friendly 

way, reducing and utilizing waste, and promoting 

environmentally conscious behavior among 

colleagues.1,17 Employee green behavior is regarded 

as a positive organizational behavior aimed at 

solving environmental and sustainable 

development issues at the micro-level.1 The four-

dimensional measurement framework of employee 

green behavior developed by Zhang et al. is 

adopted in this study.1 Four dimensions are 
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identified: green learning, individual practices, 

influencing others, and organizational voices. 

Hence, employee green behavior is conceptualized 

in this study as the act of learning, practicing, 

encouraging others and ensuring that 

environmentally safe practices are implemented by 

colleagues in the workplace, and suggesting safer 

environmental practices to the organization.  

Employee green behavior is a relatively new 

construct in the management literature and there is 

a lack of research concerning how it influences other 

workplace variables. Therefore, the literature 

review is based on related empirical studies that 

offer support for the current study. Empirical 

studies indicate that the experiences and feelings of 

individuals influence employee well-being. For 

example, helping behavior, and organizational 

citizenship behavior towards the environment have 

been positively linked with employee psychological 

well-being.18,19 

Employee green behavior- a positive and deliberate 

workplace behavior towards the sustainability of 

the work environment and the organization in 

general- has implications for employee well-being. 

This is supported by the empirical literature which 

indicates that employee green behavior is beneficial 

to the implementers. For example, Su and Swanson 

found that supportive green behavior has a positive 

and significant impact on employee well-being.20 

While Zhang et al. proposed that employee green 

behavior enables employees to actively cope with 

work-related pressures and challenges, which in 

turn helps the employee achieve well-being.1 Based 

on the above empirical literature, it is hypothesized 

that:  

Hypothesis one (H1): Employee green behavior has a 

significant and positive relationship with workplace well-

being. 

Core Self-Evaluation and Workplace Well-Being 

According to Judge et al. core self-evaluation is 

defined as an individual’s subconscious and 

fundamental traits of self-evaluations and belief in 

one’s ability and control.10 The construct of core self-

evaluation consists of an individual's self-esteem, 

general self-efficacy, locus of control, and emotional 

stability.21 Core self-evaluations have an impact on 

how individuals perceive what happens around 

them including job-related events. Individuals who 

have positive core self-evaluations can cope in 

various situations and adapt to the situation around 

them better than those who have negative core self-

evaluations.22 

Core self-evaluations is an individual's 

fundamental appraisal regarding their self-worth 

and capabilities. It has been empirically linked to 

various well-being indicators in the workplace. As 

proposed by the core self-evaluations theory, the 

construct is multidimensional and has been found 

to influence individual and organizational 

outcomes. Sudha and Shahnawaz conducted a 

study on the relationship between core self-

evaluations and subjective well-being among 

special educators.23 The indicators of subjective 

well-being used in the study include life 

satisfaction, positive affect, and negative affect. 

Core self-evaluations correlate positively with life 

satisfaction and positive affect and correlate 

negatively with negative affect. Also, Gibson and 

Hicks found that core self-evaluations have a 

positive impact on psychological well-being which 

is in support of the view that a positive perception 

of the self influences satisfaction with life and other 

indicators of well-being at work.24 Some aspects of 

the multidimensional construct have also been 

linked to employee well-being. These include self-

efficacy and Self-esteem.25,26 These were all 

identified as predictors of work-related well-being. 

Based on the above review, it is hypothesized that: 

Hypothesis Two (H2): Core self-evaluations have a 

significant and positive relationship with workplace well-

being. 

Empowering Leadership and Workplace Well-

Being 

Leadership is an essential factor in the organization 

because, through leadership, tasks in the 

organization are organized, and employees are 

directed and motivated to achieve optimum 

performance. This brings us to the fact that the 

leadership style implemented in an organization is 

vital and has certain implications for workplace 

behavior. One such leadership behavior that could 

influence employee behavior in the organization is 

empowering leadership. Srivastava et al. defined 

empowering leadership as a leadership type that is 

centered on a commitment to performance 

implementation, giving subordinates the chance to 

participate in the decision-making process, and 

holding work orientation to achieve increased work 

performance.27 In empowering Leadership, power 

is shared with team members which in turn raises 

their performance and levels of motivation.27 

Empirical findings indicated that empowering 

leadership positively influences voice behavior, 

taking charge, creativity, and job performance.28 In 

a meta-analysis conducted by Kim et al. 

empowering leadership was found to positively 

influence a range of positive employee outcomes 

such as psychological empowerment, self-efficacy, 

organizational-based self-esteem, job satisfaction, 

goal orientation, job effort, role clarity, employee 

motivation and resources, and positive attitude and 
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emotions in the workplace.29 This is an indication 

that empowering leaders brings out the best in 

employees and empower them toward their goal 

attainment while also promoting a positive work 

environment that is salient to workplace well-being. 

Conger and Kanungo asserted that when employees 

experience empowerment in their jobs, it can 

directly influence their psychological state.30 

A positive psychological state is necessary for 

workplace well-being. A study carried out by 

Premchandran and Priyadarshi positively linked 

empowering leadership to psychological, and 

subjective well-being among information 

technology sector employees in India.31 The 

proposed relationship is further supported by the 

affective event theory which suggests that events 

occurring in the organization i.e. employee 

experiences in the workplace influence various 

workplace outcomes.11 It has been reported that 

empowering leadership has a positive effect on 

individual well-being and relevant behavioral 

outcome in the organization (e.g., life satisfaction 

and meaningful work) while it has an adverse effect 

on negative affectivity and emotional exhaustion in 

the workplace.32 As indicated in the literature, 

through empowering leadership, positive 

affectivity is promoted in the organization. 

Therefore, employees’ emotional reaction to 

workplace events when they are working under an 

empowering leader is likely to be positive thereby 

increasing workplace well-being. Based on the 

empirical and theoretical evidence, it is 

hypothesized that: 

Hypothesis Three (H3): Empowering leadership has a 

significant and positive relationship with workplace well-

being.

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual framework showing the proposed relationships 

 

 

Methods 

A cross-sectional study was carried out among 

employees in two manufacturing organizations in 

the Apapa area of Lagos State, Nigeria. A cross-

sectional study was adopted. The cross-sectional 

study was considered necessary because of the 

sample size, inadequate resources, and time 

constraints. It was also deemed necessary because 

it can adequately address multiple research 

questions and hypotheses. Based on the report 

gotten from the human resources departments, an 

estimated 450 employees were currently working 

in both organizations. Sloven's formula was used 

for estimating the required sample size for this 

study. The sloven's formula is given below: 

n = N/ (1 + N e2),   

Where n is the desired sample size 

N= represents the total population (450) 

e = level of error tolerance (0.05) 

Based on the aforementioned formula, the 

appropriate sample size was 211.76. This was 

evenly distributed across both organizations. The 

researchers could only utilize 201 participants after 

the questionnaire sorting process. Some 

questionnaires were not properly filled out. This 

could either be a result of the participant's 

unwillingness or lack of motivation to continue 

participating after consenting to the study. 

Consequent to this, 201 questionnaires were used 

for the statistical analysis. The questionnaire for the 

collection of data contained four established 

instruments and items eliciting socio-demographic 

information such as gender, age, marital status, 

organizational tenure, and educational 

qualification. The mean scores for each participant 

were utilized for the final analysis. 

Ethical clearance was obtained from the 

institutional ethical committee of the researchers’ 

institution (Nnamdi Azikiwe University, Awka, 

Nigeria) before the commencement of the study. 

Also, confidentiality was strictly adhered to 

throughout the process of data collection. The 

researchers sought the permission of the 

participating manufacturing organizations 

Employee Green Behavior 

Core Self-Evaluations 

Empowering Leadership 

Workplace Well-Being 

H1 

H2 

H3 
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(through the letter of introduction stating the 

purpose of the research) before the administration 

of the questionnaires. The employees consented to 

participate in the study. This was achieved through 

verbal confirmation. The selection was done using 

a type of probability sampling. The participants 

were selected through a systematic random 

sampling technique using an nth case of one (1). In 

line with this, every second individual using a 

count of 1 was selected for the study. Participants 

were selected from the technical, operations, 

production, quality control, and human resources 

departments. The researchers ensured that the 

manufacturing organizations have these 

departments for the sake of homogeneity and 

replication of the study. Two hundred and twenty-

five (225) questionnaires were distributed to 

employees in the participating organizations. Two 

hundred and eleven (211) questionnaires were 

retrieved; consisting of a return rate of 93.78%. 

However, after sorting out the questionnaire, 201 

were used for the analysis of data.  

Four standardized instruments were utilized in the 

data collection process while a 5-point Likert 

format (1 = strongly disagree to 5 = strongly agree) 

was utilized for all the measures. Workplace well-

being was measured using the 6-item subscale.13 

Sample items from the workplace well-being scale 

include: “work is a meaningful experience for me” 

and “I feel satisfied with my work achievements in 

my current job.” Higher scores on the scale indicate 

higher employee workplace well-being. A 

Cronbach’s alpha of .92 was reported for the scale. 

Employee green behavior was measured with a 13-

item scale.1 The scale which has four dimensions is 

aimed at measuring employees’ behaviors toward 

protecting the work environment and ensuring 

environmental sustainability in the organization. 

Four dimensions used in the scale are; green 

learning (measured using three items e.g., I actively 

participate in environmental protection-related 

training provided by my organization), individual 

practice (measured by four items e.g., I complete 

the task assigned by my organization in an 

environmentally friendly way), influencing others 

(measured by three items e.g., I encourage my 

colleagues to adopt more environmentally 

conscious behavior), and organizational voices 

(also measured by three items e.g., I try to draw 

management’s attention to potentially 

environmentally unfriendly activities). The 

composite score when each dimension is added 

together represents an employee’s green behavior. 

Higher scores indicate higher green behavior in the 

organization. The Cronbach’s alphas as reported by 

the developers were .84, .84, .93, and .87 

respectively for each of the subscales while a 

Cronbach’s alpha of .90 was found for the overall 

scale. 

Core self-evaluations were measured with a 12-

item scale.33 Sample items include: "I determine 

what happens in my life" and "I am capable of 

coping with most of my problems". A Cronbach's 

alpha ranging from .81 to .87 was found across four 

samples.33 Empowering leadership was measured 

with a 12-item scale.34 Sample items for the scale 

include: “my manager helps me understand how 

my objectives and goals relate to that of the 

company” and “my manager solicits my opinion 

on decisions that may affect me”. The developers 

reported a Cronbach’s alpha of .89 for the scale. 

The three hypotheses were tested with the simple 

regression analysis while multiple regression was 

used to assess the influence of the four dimensions 

of employee green behavior on workplace well-

being. Preliminary analyses such as the normality 

test, Cronbach’s alpha, correlation coefficient, and 

common method variance (CMV) tests were 

carried out. Since regression was adopted, it 

became necessary to adhere strictly to the 

assumption surrounding the use of parametric 

tests. Hence, the assumptions surrounding the use 

of parametric tests were well observed in the study. 

For example, the data used were normally 

distributed, and the scatter plot produced by the 

IBM-SPSS showed a linear relationship between 

the variables. The data were analyzed with version 

25 of the IBM-SPSS Statistics.  

Results 

The demographic profiles of the participants are 

given in table 1. The sample consisted of 124(61.7%) 

males and 77(38.3%) females; 109(54.2%) 

unmarried, 86(42.8%) married, and 6(3%) 

separated. The age range of the respondents was 

between 20-60 with a mean of 31.43 years (SD, 5.87; 

Age range, 40). All the participants had a formal 

education with a minimum of O’ Level certification 

comprising 83(41.3%) of the participants. The 

majority of the respondents, 115(57.2%) had a first-

degree certification. Also, 75.6% of the participants 

have spent between 1 to 7 years while 18.9% have 

spent between 8 to 13 years in their respective 

organizations. Table 1 indicates that most of the 

research participants were male. Also, participants 

between 20 to 30 years of age, and those who have 

spent less than 7 years in their various 

organizations made up a large proportion of the 

sample. 
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Table 1: Demographic profiles of the research participants 

 N Frequency Percent 

Gender 201   

Male  124 61.7 

Female  77 38.3 

Age 201   

20-30years  100 49.8 

31-40years  83 41.2 

41-50years  16 8.0 

51-60years  2 1.0 

Marital Status 201   

Married  86 42.8 

Unmarried  109 54.2 

Separated/Divorced  6 3.0 

Organizational Tenure 201   

1-7 years  152 75.6 

8-13 years  38 18.9 

14-19 years  6 3.0 

20-25 years  5 2.5 

Educational Qualification 201   

Less than a Bachelor’s degree  83 41.3 

Bachelor’s degree/equivalent certificate  115 57.2 

Postgraduate  3 1.5 

 

The Cronbach's alphas, mean, standard deviation, 

and correlation results are shown in Table 2. The 

internal consistency of the scales as measured by 

Cronbach's alpha ranged from .72 to .90. 

Specifically, Cronbach's alpha values for employee 

green behavior, workplace well-being, core self-

evaluations, and empowering leadership were .85, 

.78, .89, and .80 respectively. The Cronbach's alpha 

values for the dimensions of employee green 

behavior were appropriate. Table 2 also indicates 

that the mean and standard deviation values were 

modest for all the variables. Also, the table showed 

that all the main relationships tested in this study 

are significant, employee green behavior (r = .43, p 

< .01), core self-evaluations (r = .17, p < .05), and 

empowering leadership (r = .14, p < .05) were all 

positively correlated with workplace well-being. 

Also, green learning was positively associated with 

core self-evaluations (r = .20, p < .01), and workplace 

well-being (r = .24, p < .05), while organizational 

voices dimension of employee green behavior 

positively correlates with workplace well-being (r 

= .17, p < .05), core self-evaluations (r = .16, p < .05), 

and empowering leadership (r = .16, p < .05). 

 

 

Table 2: Descriptive statistics, correlation coefficient, and Cronbach's alpha of the variables 

 Mean SD EGB GL IP IO OV WWB CSE EL 

EGB 

GL 

IP 

IO  

OV 

WWB 

CSE 

EL 

3.48 

3.93 

3.46 

3.34 

3.18 

3.73 

3.58 

3.59 

.44 

.71 

.70 

.74 

.75 

.54 

.72 

.50 

[.85] 

.49** 

.61** 

.62** 

.56** 

.43** 

.17* 

.14*    

 

[.77] 

.09 

.06 

08 

.24** 

.20** 

.11 

 

 

[.75] 

.27** 

.15** 

.35** 

-.02 

-.03 

 

 

 

[.72] 

.40** 

.28** 

.11 

.15* 

 

 

 

 

[.83] 

.17* 

.16* 

.16* 

 

 

 

 

 

[.78] 

.14* 

.20** 

 

 

 

 

 

 

[.89] 

15* 

 

 

 

 

 

 

 

[.80] 

Note: **p < 0.01; *p < 0.05; SD = standard deviation; EGB= employee green behavior; GL = green learning; 

IP = individual practice; IO = influencing others; OV = organizational voices; WWB = workplace well-being; 

CSE = core self-evaluations; EL = empowering leadership; Cronbach's alphas are given in parenthesis. 
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Table 3: Simple regression analysis of workplace well-being predicted from employee green behavior, core 

self-evaluations, and empowering leadership 

 R R2 Adjusted R2  B SE F 

Employee green behavior .43** .19 .18 .53 .07 46.60 

Core self-evaluations .14* .02 .01 .10 .05 3.96 

Empowering leadership .19** .04 .03 .21 .08 7.33 

Note: **p < 0.01; *p < 0.05 

The hypotheses were tested with regression 

analysis. Table 3 shows the simple linear regression 

performed for the three hypotheses. As indicated 

by the individual regression values, the 

relationship between employee green behavior and 

workplace well-being (R= .43, P < .01), core self-

evaluations and workplace well-being (R= .14, P < 

.05), and empowering leadership and workplace 

well-being (R= .19, P < .01) were positive and 

statistically significant. The analysis of variance 

(ANOVA) test for employee green behavior was F 

(1; 200) = 46.60, P < .01; core self-evaluations, F (1; 

200) = 3.96, P < .05; and empowering leadership, F 

(1; 200) = 7.33, P < .01 were all statistically 

significant. The R2 indicated that employee green 

behavior accounted for 19%, variance, core self-

evaluations accounted for 2% variance, and 

empowering leadership accounted for a 4% 

variance in workplace well-being. 

The contributions of each dimension of employee 

green behavior (green learning, individual 

practice, influencing others, and organizational 

voices) to workplace well-being were tested with 

multiple regression analyses. Table 4 shows the 

multiple regression analysis of workplace well-

being predicted from the dimensions of employee 

green behavior. The results indicated that green 

learning, B(201) = .15 p < .01, individual practice, 

B(201) = .21 p < .01, and influencing others, B(201) = 

.12 p < .01 significantly predicted workplace well-

being while organizational voices, B(201) = .03 p 

>.05 did not. As revealed by the B-values, 

workplace well-being increases by 15%, 21%, 12%, 

and 3% for every one-unit increase in green 

learning, individual practice, influencing others, 

and organizational voices. β values show that 

workplace well-being was largely influenced by 

individual practice, accounting for a 28% variance. 

Table 4: Multiple regression analysis of workplace well-being predicted from the dimensions of employee 

green behavior 

 B β  T Part correlation  95% CI VIF 

Green learning .15 .19**  3.06 .19 [.05, .24] 1.01 

Individual practice .21 .28**  4.26 .27 [.11, .32] 1.08 

Influencing others .12 .17**  2.38 .15 [.02, .23] 1.25 

organizational voices .03 .04    .53 .03 [-.07, .12] 1.19 

F = 12.35, R = .45**, R2 = .29, Adj. R2 = .18 (DW, 1.56) 

Note: **p < 0.01; DW = Durbin-Watson; VIF = Variance Inflation Factor 

The statistics at the base of Table 4 present the 

combined contribution of the four dimensions of 

employee green behavior on workplace well-being, 

R = .45, R2 = .29, p < .01. The R2 value indicates that 

employee green behavior as a composite explained 

a 29% variance in workplace well-being.  

Discussion 

This study examined employee green behavior, 

core self-evaluations, and empowering leadership 

as predictors of workplace well-being among 

employees in manufacturing organizations. It is 

apparent from the literature that employee green 

behavior, core self-evaluations, and empowering 

leadership have not been well explored in the 

Nigerian work setting, especially in manufacturing 

organizations. It is important to understand well-

being in manufacturing organizations, as this will 

help inform managerial practice. Hence, this study 

is timely and highly necessary. Three hypotheses 

were developed and tested in this study. The 

descriptive statistical output revealed a moderate 

level of employee green behavior, workplace well-

being, core self-evaluation, and empowering 

leaders for the employees who participated in the 

study.  

The Cronbach’s alphas were satisfactory as they 

were above 0.70.35 Regarding the validity of the 

scales, the content validity was achieved through 

the adoption of scales that have been consistently 

adopted across various management-related 

studies. The correlation values were within the 

acceptable range (0.2 to 0.5), while the inter-item 

correlation values showed evidence of convergent 

validity.36 Since a parametric test was adopted to 
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test the research hypotheses, it was necessary to 

check if the data are normally distributed. The 

normality test (using skewness and Kurtosis) 

showed that the indicators were within the 

acceptable values that indicate normality. The 

statistical analysis showed that the values for the 

skewness and Kurtosis were below 2; this is an 

indication that the data are normal.37 The observed 

correlation values were below .80 indicating that 

multicollinearity and common method variance 

were not an issue in the study.38  

Based on Cohen’s d criterion,39 from the linear 

regression conducted to test the hypotheses, the R2 

of .19 indicates a large effect size while R2 of .02, 

and .04 indicate small effect sizes. The small 

difference in the effect sizes indicates good cross-

validation, meaning that the model can be adopted 

for other samples in a similar population. Also, the 

B-indicates that, a unit increase in employee green 

behavior, core self-evaluations, and empowering 

leadership will lead to an increase in workplace 

well-being by .53, .10, and .21 respectively. The 

Durbin-Watson values were within the acceptable 

range.  The three hypotheses developed for the 

study were supported. 

The first hypothesis which stated that employee 

green behavior will positively and significantly 

predict workplace well-being was supported. 

Employee green behavior was found to positively 

and significantly predict workplace well-being. 

This implies that engaging in green behavior 

fosters well-being in the workplace. Therefore, as 

employee green behavior increases, workplace 

well-being also increases. This finding is in line 

with previous studies that have explored 

environmental factors and employee general well-

being. For example, the literature indicates that 

organizational citizenship behavior towards the 

environment positively influences the 

psychological well-being of employees, while 

supportive green behavior is positively linked to 

employee well-being.19,20 Thus, through employee 

green behavior, employees can easily cope with 

pressures and challenges related to their work 

environment, helping them find more meaningful 

experiences, and in the process increasing their 

well-being at work.1 

The second hypothesis which states that core self-

evaluations will positively and significantly predict 

workplace well-being was supported. The findings 

indicated that the core self-evaluations of an 

employee predicted well-being at work. This 

implies that as employees’ core self-evaluations 

increase by one unit, their well-being at work also 

increases by one unit. This finding is in congruence 

with the extant literature.23,24,25,26 For example, 

Gibson and Hicks found a positive significant 

relationship between core self-evaluations and 

psychological well-being which gives support to 

the notion that having a positive perception and 

evaluation of one’s abilities is a salient indicator of 

well-being in the workplace.24 This further suggests 

that when an employee has a positive perception or 

evaluate themselves positively, this is likely to 

influence their experience in the workplace, 

especially with regard to their well-being.  The core 

self-evaluation theory put forward by Judge et al. 

justifies the observed positive relationship.10 The 

theory holds that the four factors in core self-

evaluations (self-esteem, self-efficacy, locus of 

control, and emotional stability) can serve as 

positive resources that can facilitate the well-being 

of an individual both within and outside the 

workplace. Core self-evaluation can help 

employees deal with the challenges and demands 

emanating from task-related activities in the 

workplace. Positive core self-evaluation denotes 

higher levels of efficacy, control, and stability-all of 

which are essential to well-being in the 

workplace.10, 24 

The third hypothesis which states that empowering 

leadership will positively and significantly predict 

workplace well-being was also supported by the 

results of the study. The findings indicated that 

empowering leadership was positively linked to 

the experience of well-being in the workplace. This 

is an indication that when employees are exposed 

to leaders who are empowering, they are likely to 

have a positive experience in the workplace; which 

in turn influences their well-being. Through the 

behaviors of empowering leaders (e.g., enhancing 

work meaningfulness, providing autonomy, and 

ensuring participation in decision-making), 

employees can easily adapt to the work 

environment as a result of these experiences.34,40 A 

positive psychological state is a necessity for the 

experience of well-being at work. An employee in 

a positive psychological state shows optimism and 

resilience, which in turn translate to well-being at 

work. This finding is supported by empirical 

literature. For example, a study conducted by 

Premchandran and Priyadarshi found that an 

increase in empowering leadership leads to an 

increase in subjective and psychological well-being 

among employees working in information 

technology firms in India.32 Also, Kim and Beehr 

found a positive relationship between empowering 

leadership and employee well-being (other 

indicators such as life satisfaction and meaningful 

work were also influenced positively by 

empowering leadership).33The result is also in 

congruence with the affective event theory. The 

affective event theory was proposed by Weiss and 
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Cropanzano.11 The theory offers further 

justification for the positive relationship between 

empowering leadership and workplace well-being. 

The theory is built on the premise that experiences 

in the workplace elicit positive or negative 

emotional reactions from employees which have 

consequences for workplace attitudes and 

behaviors. Based on this, empowering leadership 

elicits positive emotional reactions in the 

workplace, which in turn influence employee well-

being at work. 

The current study provides valuable insights into 

the predictor and criterion variables and provides 

sound implications for managerial practice for 

employees in manufacturing organizations. The 

study is not without limitations. These limitations 

are hinged on the cross-sectional nature of the 

study. With this in mind, it was difficult to draw 

any cause-effect relationship. Utilizing self-report 

measures for the collection of data can introduce 

bias or possibly confound the data. Future studies 

should incorporate the rating of other staff such as 

managers and coworkers to gather all-

encompassing data that can represent all the key 

constructs in the study.  

Conclusion 

This study has successfully investigated and 

shown the empirical connection among the 

variables to provide answers to the hypotheses that 

were developed and tested. Consequent to the 

validation of the instrument adopted in this study, 

data were collected from 201 employees in 

manufacturing organizations in the Apapa area of 

Lagos State, Nigeria. Statistical analysis provided 

support for all the hypotheses, thereby helping in 

achieving the objectives of the study. More 

specifically, employee green behavior, core self-

evaluations, and empowering leadership were 

significant predictors of workplace well-being in 

manufacturing organizations. First, the findings 

indicated that employee green behavior is 

necessary for well-being at work. Hence, it 

becomes necessary for practitioners to ensure that 

pro-environmental behaviors and practices are 

encouraged at the individual and organizational 

levels. The organization can promote this behavior 

through a supportive culture that encourages the 

practice of green behavior in the workplace. 

Second, it was found that core self-evaluations are 

important factors for employees’ experience of 

well-being. Hence, a positive self-evaluation is 

necessary for well-being within the work 

environment. The organization can enhance this 

attribute by implementing training and programs 

targeted at personality development. Last, the 

findings revealed that empowering leadership 

promotes workplace well-being such that the 

higher the experience of empowerment from 

leaders (e.g., managers and supervisors), the 

higher the experience of well-being in the 

workplace. On this note, management staff can be 

trained on how to empower their colleagues and 

subordinates as this has positive implications for 

behaviors that enhance organizational productivity 

and individual well-being at work. In this regard, 

this study has been able to add new knowledge to 

the occupational health literature by unraveling the 

roles employee green behavior, core self-

evaluations, and empowering leadership have on 

workplace well-being among employees in 

manufacturing organizations. 
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Determining the COVID-19 Knowledge, Awareness and Anxiety 
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ABSTRACT  

Introduction: COVID-19 is a contagious disease caused by Severe Acute Respiratory 

Syndrome Coronavirus 2 (SARS-CoV-2). The nature of dentistry leads to close contact 

with patients and exposure to the saliva, blood and other bodily fluids during 

treatment processes and it is a field where high frequency devices that can make it 

easier for virus contamination are used. This study aims to determine the knowledge 

and approaches of COVID-19 infection control of intern dentists who have begun face-

to-face education and their COVID-19 related fear and anxiety levels. 

Methods: The study comprised 4th and 5th year students who began face-to-face 

education at the Ankara University Faculty of Dentistry 2020/2021 spring semester. A 

questionnaire was used as the data collection tool of this study. The data were collected 

using a knowledge questionnaire and a COVID-19 fear and anxiety scale. 

Results: The average COVID-19 knowledge score of the students was 63.65±9.64, their 

coronavirus fear average score was 17.63±5.57, and their anxiety average score was 

found to be 2.37±3.32. A positive relationship was found between the anxiety scores 

and the COVID-19 fear scores. The results of this study show that the COVID-19 

knowledge level and fear of dentistry students is moderate and that their COVID-19 

anxiety level is low. 

Conclusion: It was found that the knowledge and fear of coronavirus levels of intern 

dentistry students were moderate, and that their coronavirus anxiety level was low. 

Keywords: Dentistry, employee safety, pandemic, students. 

 

 

Introduction 

COVID-19 is a contagious disease caused by Severe 

Acute Respiratory Syndrome Coronavirus 2 

(SARS-CoV-2). The World Health Organization 

(WHO) declared the new coronavirus (COVID-19) 

to be a global pandemic on the 11th of March 2020 

(WHO, 2020). It has been reported that the COVID-

19 outbreak has caused a public health emergency 

around the world, with large numbers of 

healthcare workers contracting the disease while 

working with infected people.1 The nature of 

dentistry leads to close contact with patients and 

exposure to the saliva, blood and other bodily 

fluids during treatment processes and it is a field 

where high frequency devices that can make it 

easier for virus contamination are used.2,3  

Therefore, dentistry is known to be one of the 

highest COVID-19 risk occupational groups.4 The 

Centers for Disease Control and Prevention, WHO 

and Ministry of Health have developed various 

guidelines to prevent the spread of COVID-19 in 

the practice of dentistry and to ensure a safe 

working environment. In this context, it is 

recommended that the transmission routes of  
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infection control are determined and the levels of 

knowledge and awareness of personnel working in 

this field are evaluated.5 

Dentistry applications also include education as 

well as providing health services.6 Education in 

dentistry faculties generally consists of the three 

stages of theoretical courses, preclinical and 

clinical applications.7 In order to prevent the 

spread of the virus at the beginning of the 

pandemic period, measures were taken in many 

countries, including Turkey, such as postponing all 

treatments except for cases requiring urgent 

intervention and continuing dentistry education 

online.8,9 It is stated that these measures have 

negatively affected the development of motor 

functions, independent decision making and work 

experience skills taught to students through 

clinical applications.10 It is also said that the 

uncertainty in the education period during the 

pandemic has had various psychological effects on 

students.11,12 The world returned to face-to-face 

education when the vaccine begun to be used in the 

struggle against the pandemic. Intern students of 

the Faculty of Medicine and Faculty of Dentistry 

were given priority for vaccinations on 14 January 

2021 by the Ministry of Health. In line with the 

recommendations of the Council of Higher 

Education and the Ministry of Health in Turkey, 

4th and 5th grade dentistry students who conduct 

clinical practices have been vaccinated and have 

returned to faculties.10 During this time, 

information was posted about the pandemic on the 

website of the Ankara University Faculty of 

Dentistry. Additionally, seminars that were open 

to all students were carried out 

(http://www.dentistry.ankara.edu.tr). In the 

national and international literature, many studies 

have been carried out to determine the knowledge, 

attitudes and awareness of dentistry students or 

the levels of stress, fear, anxiety and worry of 

students during the pandemic.13-16 However, no 

studies have been conducted after the transition to 

face-to-face education. In this study, it was aimed 

to determine the knowledge and attitudes of intern 

dentists who started face-to-face training towards 

the control of COVID-19 infections and to  

 

determine their fear and anxiety levels due to 

COVID-19. 

Methods 

The study comprised 4th and 5th year students 

who began face-to-face education at the Ankara 

University Faculty of Dentistry 2020/2021 spring 

semester. In this regard, the population of this 

study consisted of a total of 363 students, of whom 

193 were 4th year and 170 were 5th year students. 

A sample size was not selected and the plan was to 

reach the whole of the population. The research 

group consisted of 213 students who volunteered. 

Therefore, 59% of the study population was 

reached. Ethical board approval from the Ankara 

University Faculty of Dentistry was obtained 

(Issue:36290600/38 No:09/02 Date:28.04.2021). 

Additional approval was obtained from the 

Ministry of Health for this study.   

A questionnaire was used as the data collection 

tool of this study. The questionnaires were sent to 

the participants in May/June 2021 online via 

WhatsApp classroom groups and email. The 

questionnaires were prepared on google platforms. 

The questionnaire consisted of 3 sections. In the 

first section, there were 10 questions aimed at 

determining the descriptive characteristics of the 

participants (age, gender, class, who they lived 

with, the status of having COVID-19), their 

education about COVID-19, their perception of the 

disease, and their sources of information about 

COVID-19. In the second section, there were 22 

questions aimed at evaluating their general 

knowledge regarding how COVID-19 spreads, its 

signs and symptoms, preventions and precautions. 

The questions were prepared by the researchers 

once the related literature and 

national/international guides were examined.5,17-19 

The third section of the questionnaire included the 

Fear of COVID-19 Scale comprised of 7 questions 

and the COVID-19 Anxiety Scale consisting of 5 

questions. The Fear of COVID-19 Scale was 

developed by Ahorsu et al. to measure the fear 

levels of individuals during the COVID-19 

pandemic.20 The scale was adapted into Turkish by 

Haktanir et.al. It is a 5-point Likert scale ranging 
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from 1 (strongly disagree) to 5 (strongly agree).21 

The minimum score of the scale is 7 and the 

maximum is 35. The scale is one dimensional and 

is comprised of 7 items, there are no items that are 

reverse scored and increased score indicate 

increased fear of coronavirus. The COVID-19 

Anxiety Scale was developed by Lee to measure 

the anxiety levels of individuals during the 

pandemic (α=.93).22 The scale was adapted into 

Turkish by Evren et al.23 The research group was 

asked to answer 5 questions as "Never", "Rarely, 

"less than one or two days", "A few days", "More 

than 7 days" and "Almost every day in the last 2 

weeks" according to their practices in the previous 

two weeks. The minimum score for each question 

is 0 and the maximum is 4. The total score ranges 

from 0 to 20 and higher scores show that the 

individual has higher anxiety related to 

coronavirus. A total score of ≥  7 on the scale 

indicates dysfunctional thinking associated with 

coronavirus. High scores on a particular item or 

high overall scale score (≥  7) indicate that the 

individual has problematic symptoms that may 

require further evaluation and/or treatment. 

Confirmatory factor analysis (CFA) was conducted 

to evaluate the validity of the fear and anxiety 

scales used in the research for the research group. 

AMOS 24 statistical software was used for the CFA 

analysis. The Cronbach’s alpha and composite 

reliability coefficients were used to evaluate 

consistency.24 

The total knowledge score was determined by 

giving a 1 score for the “true” and a score of 0 (zero) 

score to the “false” and “I don’t know” answers. 

The students’ COVID-19 test success level was 

evaluated on a 0-100 scale. The Bloom’s cut-off 

point was used to categorize the coronavirus 

knowledge scores. If the knowledge level was 

above 80% it was considered to be good score, a 

score between 50-79% it was taken as moderate 

and below 50% was taken as poor.  

Within the scope of the research, descriptive 

findings are given as frequency, percentage, 

minimum, maximum, mean and standard 

deviation. Independent variables that were found 

to be statistically significant were analyzed with 

the multi variable regression analysis. The 

existence of a multicollinearity problem in the 

model was evaluated with VIF and tolerance 

values.25-26 SPSS 26 statistical software was used to 

conduct the analysis.  

As a result of the confirmatory factor analysis (CFA) 

conducted in order to evaluate the structural 

validity of the COVID-19 fear and anxiety scales on 

the study group, it is found that the values are 

above the good fit value limits (Χ²/sd: 2.34; 0.32, 

GFI: 0.986; 0.997, NFI: 0.977; 0.995, SRMR: 

0.071;0.038, AGFI: 0.972, 0.992). 

The Cronbach’s alfa coefficient was found to be 

0.874, and the composite reliability coefficient was 

found as 0.878 in the reliability analysis of the fear 

scale based on which the structural validity was 

accepted. The Cronbach's alpha coefficient of the 

anxiety scale was 0.859, and the composite 

reliability coefficient was 0.866. 

Results 

The average age of the students in the study group 

was 22.56 (±1.41) and that 72.8% of them were 

female. 65.3% of the students were 4th year and 

34.7% were 5th year students. When their COVID-

19 characteristics were evaluated, 54.9% stated that 

they had attended lessons or meetings related to 

COVID-19. 19.2% of the patients had been infected 

with COVID-19. Additionally, while 49.8% of the 

students thought that the COVID-19 precautions 

taken in the workplace were sufficient, 12.2% 

stated that they were insufficient. The mean score 

of the students' COVID-19 knowledge level was 

calculated as 3.73 (±0.86), and the mean of the 

statement "COVID-19 is a serious disease" was 

calculated as 4.25 (±0.86). 

The COVID-19 knowledge test mean score of the 

students was found to be 63.65 (±9.64). Lastly, it 

was found that the students obtained a mean score 

of 2.37 (±3.32) from the coronavirus anxiety scale 

and a mean score of 17.63 (±5.57) from the fear of 

coronavirus scale (Table 1). Accordingly, it can be 

said that the knowledge and fear of coronavirus 

levels of intern dentistry students were moderate, 

and that their coronavirus anxiety level was low.
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Table 1. Sociodemographic characteristics and information about COVID-19 

Sociodemographic characteristics and information about COVID-19 n % 

Gender   

Female 

Male 

155 72.8 

58 27.2 

Living conditions   

With Family 

With Friends 

Alone 

131 61.5 

57 26.8 

25 11.7 

Class   

4th year  

5th year 

139 65.3 

74 34.7 

Meetings or courses related to COVID-19    

Participated 

Did not participate 

117 54.9 

96 45.1 

Infected with COVID-19    

Yes 

No 

41 19.2 

172 80.8 

The COVID-19 precautions taken in the work environment 

Sufficient 

Not Sufficient 

Indecisive 

106 49.8 

26 12.2 

81 38.0 

Attitudes Towards COVID-19, Level of Knowledge, Level 

of Anxiety and Fear 
Min-Max Avg. (±Ss.) 

Give a value from 1 to 5 for your knowledge on Covid-19. 1-5 3.73 0.73 

Give a value from 1 to 5 for the statement “COVID-19 is a 

serious disease”. 
1-5 

4.25 0.86 

Coronavirus Knowledge Level Score (0–100-point scale) 18.18-86.36 63.65 9.64 

Coronavirus Anxiety Level 0,0-20.00 2.37 3.32 

Coronavirus Fear Level 7.0-35.00 17.63 5.57 

 

When the basic information resources that the 

research group followed during the pandemic are 

examined, it is found that the most common one 

was social media platforms (74.65%) followed by 

the Ministry of Health (71.36%) and then the World 

Health Organization (54.46%).  This is followed by 

Television programs (46.95%), Turkish Medical 

Association (25.35%), Dentistry Association 

(20.19%), Other (15.96%), FDI (9.86%), European 

Center for Disease Prevention and Control (7.51%). 

It was determined that the regression model 

applied for students' COVID-19 knowledge 

achievement levels was statistically significant 

(F:5,545, p=0.004) and 4.1% of the change in the 

students' knowledge level was explained by the 

independent variables. A statistically significant 

negative (β=-0.156, p=0.022) relationship was 

found between the ages and the COVID-19 

knowledge success levels of the students within 

the scope of this research. A positive, statistically 

significant (β=0.141, p=0.039) relationship was 

found between the COVID-19 knowledge level and 

their own evaluations (Table 2). 

It was determined that the regression model 

applied for students' COVID-19 knowledge 

achievement levels was statistically significant 

(F:5,545, p=0.004) and 4.1% of the change in the 

students' knowledge level was explained by the 

independent variables. A statistically significant 

negative (β=-0.156, p=0.022) relationship was 



Yasemin et al. Determining the COVID-19 Knowledge, Awareness and Anxiety Levels of Intern Dentists 

112 

found between the ages and the COVID-19 

knowledge success levels of the students within 

the scope of this research. A positive, statistically 

significant (β=0.141, p=0.039) relationship was 

found between the COVID-19 knowledge level and 

their own evaluations (Table 2). 

The regression model applied for the variables 

affecting the coronavirus fear level was found to be 

statistically significant (F:16,238, p<0.001). 

According to the model, 22.3% of the change in 

students' coronavirus fear level is explained by the 

independent variables in the model (Table 3).

 

Table 2. Variables Affecting the COVID-19 Knowledge Level 

Dependent Variable: COVID-19 Knowledge Test Level 

Independent 

Variables 

B Standard 

Error 

Standardize 

β 

T p Tolerance VIF 

Constant 17.746 2.503 - 7.090 <0.001 - - 

Age -0.234 0.102 -0.156 -

2.301 

0.022 0.982 1.018 

COVID-19 

Knowledge 

Level Self 

Evaluation 

0.410 0.197 0.141 2.081 0.039 0.982 1.018 

F:5.545, 

p=0.004 

   Corrected R2: 0.041  

 

                                 Table 3. Variables Affecting the Coronavirus Fear Levels 

Dependent Variable: Coronavirus Fear Level 

Independent Variables B 
Standard  

Error 

Standardize 

β 
t p 

Toleranc

e 
VIF 

Constant 6.625 1.720 - 3.851 <0.001 - - 

Female 1.425 0.784 0.114 1.817 0.071 0.930 1.075 

Male (R) - - - - - - - 

“COVID-19 is a serious disease” 

statement evaluation 
2.120 0.412 0.327 5.145 <0.001 0.907 1.103 

The COVID-19 precautions in the 

work environment are sufficient (R) 
- - - - - - - 

I am indecisive about the COVID-

19 precautions in the work 

environment 

0.979 0.729 0.085 1.343 0.181 0.904 1.106 

The COVID-19 precautions in the 

work environment are insufficient.  
4.692 1.089 0.276 4.308 <0.001 0.891 1.122 

F:16,238, p<0,001    Corrected R2 : 0,223  

                               (R): Reference Group 

 

It was found that the regression model applied to 

determine the independent variables affecting the 

coronavirus anxiety level was statistically 

significant (F:5,804, p<0.001) and 10.2% of the 

change in the coronavirus anxiety level of the 

students was explained by the independent 

variables. A statistically significant positive 

(β=0.199, p=0.004) relationship was found between 

the statement “COVID-19 is a serious disease” and 

the students’ coronavirus anxiety levels. 
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Additionally, the fact that the students within the 

scope of this study have had COVID-19 was 

observed to statistically significantly positively 

affect their coronavirus anxiety levels (β=0.174, 

p=0.009). It was determined that the coronavirus 

anxiety levels of students who found the measures 

to protect against COVID-19 at work insufficient 

were found to be statistically significantly and 

positively affected compared to those who found 

the measures sufficient (β=0.212, p=0.002) (Table 4). 

A statistically significant moderate positive 

correlation was found between the students' fear of 

coronavirus and their anxiety about coronavirus. 

(r=0.620, p<0.001) (Table 5). When the relationship 

between the students’ coronavirus knowledge 

scores and their anxiety and fear of coronavirus is 

examined, it is found that the regression model is 

not significantly meaningful (F:1.279, p=0.281) 

(Table 6)

Table 4. Variables Affecting the Coronavirus Anxiety Level 

Dependent Variable: Coronavirus Anxiety Level 

Independent Variables B 
Standard 

Error 

Standar

dize β 
t p 

Toleran

ce 
VIF 

Constant -1.800 1.123 - -1.603 0.111 - - 

Female 0.229 0.502 0.031 0.456 0.649 0.929 1.076 

Male (R) - - - - - - - 

“COVID-19 is a serious disease” 

statement evaluation 

0.769 0.265 0.199 2.905 0.004 0.901 1.110 

Did not have Covid-19 (R) - - - - - - - 

Had C-19ovid 1.462 0.551 0.174 2.654 0.009 0.986 1.014 

The COVID-19 precautions in the 

work environment are sufficient (R) 

- - - - - - - 

I am indecisive about the COVID-

19 precautions in the work 

environment 

.484 0.468 0.071 1.035 0.302 0.902 1.109 

The COVID-19 precautions in the 

work environment are 

insufficient.  

2.150 0.698 0.212 3.079 0.002 0.890 1.123 

F: 5.804, p<0.001    Corrected R2 : 0.102  

(R): Reference Group 

       Table 5. Evaluation of the Relationship Between Anxiety and the Fear of Coronavirus 

Measurements 
Coronavirus Anxiety 

n R P 

Coronavirus Fear 213 0.620 <0.001 

r: Spearman Correlation Coefficient 
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Table 6. Evaluation of the Relationship Between Coronavirus Knowledge Level and Anxiety and Fear 

Dependent Variable: COVID-19 Knowledge Questionnaire Level 

Independent Variables B 
Standard 

Error 

Standardize 

β 
T P Tolerance VIF 

Constant 13.702 0.537 - 25.520 0.001 - - 

Coronavirus Anxiety -0.089 0.056 -0.140 -1.592 0.113 0.611 1.638 

Fear of Coronavirus 0.029 0.033 0.077 0.872 0.384 0.611 1.638 

F:1.279, p=0.281    Corrected R2 : 0.003  

 

Discussion 

Firstly, in the fight against the pandemic, it is 

important to evaluate the knowledge and 

awareness of different populations towards the 

pandemic.5,27,28 As the uncertainty reduces and the 

knowledge level increases, it is expected that the 

worry and anxiety will also reduce. Additionally, 

the uncertainty of a COVID-19 prognosis, lifestyle 

changes, quarantine limitations and education cuts 

result in fear, worry and anxiety, regardless of the 

increased knowledge level. The struggle to 

eliminate the effects of COVID-19 are continuing 

worldwide. Studies show that community health 

crises have many psychological effects on 

university students including worry, fear and 

anxiety.29 In this context, this study aims to 

evaluate the knowledge and approaches as well as 

the fear and anxiety levels of intern dentists 

towards COVID-19 and to show the factors that 

affect them.  

The results of the study show that students 

obtained an average score from the knowledge 

level questionnaire. Additionally, it was found that 

the knowledge score increased as the age 

increased. Students who evaluated their own 

COVID-19 knowledge level as high obtained 

higher scores from the knowledge questions. Some 

studies conducted on dentistry students found that 

their COVID-19 knowledge level was moderate 

and others showed that it was high.14,15,17,30,31 A 

study conducted on Faculty of Medicine students 

showed that the rate of correct answers to 10 

knowledge questions was 78.3%.32 In a study 

conducted on nursing students, it was determined 

that the levels of anxiety and fear of COVID-19 

were high and 51.5% of the students experienced 

severe anxiety.33 Studies conducted in different 

sample groups show that young people have a 

higher level of knowledge about COVID-19.34 

The students included in the study stated that they 

followed social media, the Ministry of Health and 

the WHO official website as reliable sources of 

information about COVID-19. The literature also 

shows that the most common sources of 

knowledge are social media, WHO and 

government web sites.27 The websites of the WHO 

and Ministry of Health are more commonly 

followed by medicine and dentistry students, 

whereas social media platforms have become a 

basic source of information for many people. This 

shows that social media can play a huge role in risk 

perception and the dissemination of reliable 

information during a pandemic.  

Many people experience clinical fear and anxiety 

during a contagious disease pandemic. With the 

emergence and rapid spread of the COVID-19 

disease, problems such as fear, worry, stress and 

anxiety are seen in health workers and dentists, 

especially since they carry a high risk in the 

society.31,35 In this study, the students' scores on the 

coronavirus fear scale (17.63±5.57) were moderate, 

while the scores they received from the anxiety 

scale (2.37±3.32) were found to be low. A study 

conducted on dentistry students in Saudi Arabia 

showed that returning to face-to-face education 

during the COVID-19 period caused anxiety and 

stress in 85% of the participants.9 A study 

conducted on 650 participants from 30 different 

countries showed that over two-thirds (78%) of 

general dentists stated that they had anxiety and  
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fear about the destructive effects of COVID-19.36 

Another study showed that 74.9% of students were 

psychologically affected by COVID-19.13 It was also 

found that the female students who thought that 

the precautions taken were insufficient and that 

evaluated COVID-19 as a serious disease had 

higher scores from the fear and anxiety scales. This 

is supported by the literature.35The study 

conducted by Doshi et al. (2021) showed that 

females are 1.29 times more likely to fear COVID-

19 in comparison to their male colleagues.37 This 

can be explained by women being under higher 

pressure during the pandemic, their increased 

sense of responsibility or them worrying about 

their loved ones more. Additionally, our study 

shows that the fear and anxiety levels of students 

who thought the precautions taken against 

COVID-19 were sufficient were low. The data we 

obtained show that the views and risk situations of 

the participants related to the pandemic affect their 

level of anxiety. A study conducted by Yakar et.al 

(2020) showed that the anxiety levels of students 

who thought they had sufficient information about 

COVID-19 and that thought sufficient precautions 

were taken was higher.32 In our study, the scores of 

those who had COVID-19 from the anxiety scale 

were higher than those who have not had the 

disease. This can be due to unpredictability, 

uncertainty, severity of the disease, lack of 

information and social isolation resulting from the 

epidemic.38 

The literature shows that the anxiety and fear 

levels of people who have increased COVID-19 

knowledge is lower.39 However, in this study, a 

statistically significant relationship was not found 

between the knowledge level and the anxiety and 

fear levels. Similarly, to our study, some research 

shows that fear of COVID-19 is not related to the 

level of knowledge, whereas others have shown 

that the fear of the disease will increase as their 

COVID-19 knowledge level increases.40 

The study has certain strong aspects. Firstly, it is 

the first study to research the effect of COVID-19 

on the anxiety levels of intern dentists at 

university. The findings can be used to further 

investigate the causes of fear and anxiety, and to  

 

determine the strategies to be used in reducing fear 

and anxiety in students. Secondly, the fact that 

dentistry students who conduct clinical practices 

are included in the priority vaccination group 

makes it necessary to determine their knowledge, 

attitudes and awareness. The findings of this study 

fill all these gaps.  

Regardless of the important findings of our study, 

it also has several limitations. The fact that the 

study was conducted at only one faculty and that 

the data were collected online via questionnaires 

reduces the generalizability of the results. 

However, it must be considered that a quick 

method is needed to determine the knowledge 

level of students, evaluate their fear and anxiety 

levels during this pandemic which is rapidly 

spreading. 

Conclusion 

It was found that the knowledge and fear of 

coronavirus levels of intern dentistry students 

were moderate, and that their coronavirus anxiety 

level was low. In addition, the fear and anxiety 

levels of females, those who have had COVID-19, 

those who find the measures taken in their 

working environment inadequate and those with a 

high-risk perception are higher. Therefore, 

psychological support and extra precautions can 

be provided for these groups.  The holistic results 

obtained in this study can be informative for 

universities when evaluating stress, anxiety and 

fear levels and can guide the application of 

psychological health programs. In general, dentists 

must be aware that the COVID-19 pandemic is a 

critical period and follow the necessary standard 

precautions to ensure infection control strategies 

during this pandemic. It is recommended that the 

role of tele-dentistry be developed to improve the 

ability to combat epidemics and similar diseases. 
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Original Article  

Internet Gaming Disorder among Undergraduate Health 

Sciences Students in the Pokhara Valley: a Cross-Sectional Study 

Shahi S1, Baral YR1, Mishra DK1 

                                                                                                   1Manmohan Memorial Institute of Health Sciences, Department of Public Health Kathmandu, Nepal 

ABSTRACT  

Introduction: Internet Gaming Disorder (IGD) is an emerging public health impact of 

technological advancement and globalization. This study was conducted to assess the 

prevalence and factors associated with IGD among undergraduate health sciences 

students. 

Methods: A web-based cross-sectional study was conducted during a period of 

November 2019 to July 2020. A total of 412 college students from Undergraduate 

Health Sciences colleges of Pokhara Metropolitan city in Gandaki province, Nepal 

were enrolled. Online google forms were sent to all the eligible students through email 

and other social media sites like face book with the help of coordinator and class 

representative. Collected data were analyzed using SPSS IBM v.22 

Results: The finding of the study shows that the prevalence of Internet Gaming 

Disorder among Undergraduate Health Sciences students was 7.1%. Sex (p=0.027), 

loneliness level at home (p=0.019), number of close friends (p<0.001), types of game 

(p<0.001), time spent on play game (p<0.001) and, type of gamer (p<0.001) were the 

factors associated with Internet Gaming Disorder among the participants. 

Conclusion: Sex of the participants, loneliness level at home, number of close friends, 

types of game, time spent on the game play, and type of gamer are the contributing 

factors for developing Internet Gaming Disorder. It is important to focus on these 

factors to address Internet Gaming Disorder and its psychological health effects. 

Keywords: Developing countries, Internet addiction, Internet Gaming Disorder, 

Problematic gaming, Video games 

 

 

Introduction 

Internet Gaming Disorder (IGD) refers to the 

problematic use of online or offline video games. It 

is defined as persistent and recurrent use of the 

internet to engage in games, often with other 

players, leading to clinically significant 

impairment or distress as indicated by five (or 

more) of the nine criteria in a 12-month period.1 

World Health Organization (WHO) defined 

gaming disorder as “a pattern of gaming behavior 

(digital-gaming or video-gaming) characterized by 

impaired control over gaming, increasing priority 

given to gaming over other activities to the extent 

that gaming takes precedence over other interests 

and daily activities, and continuation or escalation 

of gaming despite the occurrence of negative 

consequences. Gaming disorder was incorporated 

as a mental health problem in the 11th revision of 

the International Classification of Disease (ICD-11) 

in 2018 and was recommended to the governments 

to formulate public health strategies and monitor 

IGD trends.2  

The American Psychiatric Association (APA) 

included IGD in section III of the Diagnostic and 
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Statistical Manual of Mental Disorers-5th edition 

(DSM-5) on the condition that it guaranteed more 

clinical research and experience.3 The essential 

feature of IGD is engaging in gaming for typically 

8 to 10 hours or more per day, typically in internet-

based group games.4 Gaming is considered as safe 

activity but in certain population adverse 

consequences of involving in this behavior is 

noticed.23 Engaging in gaming activities may 

promote negative behaviors such as smoking and 

aggression and could be harmful to physical and 

mental well-being.24,25 Increase in internet use and 

video-gaming contributes to public concern on 

pathological or obsessive play of video games 

among children and adolescents worldwide.22 

Global Games Market (GGM) has shown that there 

were more than 2.5 billion gamers in the world in 

2016, which is almost one-third of the total 

population globally.5 A systematic review on IGD 

has shown the prevalence of IGD ranged from 0.7 

percent to 27.5 percent.6 In the context of Nepal, 

there has been very limited studies conducted on 

IGD to date. A cross-sectional study conducted 

during COVID-19 Pandemic Lockdown in 2020 

showed that the prevalence of gaming disorder 

was 8.5% among 260 internet gaming users.20 A 

study conducted among university students of 

Ilam on internet addiction showed that 42.84% of 

students played online games, as a major purpose 

of internet using.7 Internet gaming disorder is a 

relatively new phenomenon, and all the studies on 

internet addiction that have been published in 

Nepal have pointed out that further research needs 

to be done in this area. A scoping review showed 

that 10-20% of children and adolescents have 

mental disorders and half of them started at age by 

14 years 8. However, internet gaming as a cause of 

these conditions has not been ruled out. Hence, this 

study aimed to assess the status of IGD and factors 

associated with it. Data obtained from this study 

generates evidence and would guide to the 

development of appropriate interventions and 

policies to prevention of problematic gaming and 

its psychological health effects. 

Methods 

A web-based cross-sectional study was conducted 

among students of Undergraduate Health Sciences 

Colleges of the Pokhara Metropolitan City, 

Gandaki province of Nepal. The study was 

conducted during November-July 2020. The study 

participants were undergraduate health sciences 

students. Sample size was calculated using the 

formula {n= z2p (1-p)/d2} where z= level of 

confidence according to the standard normal 

distribution (for a level of confidence of 95%, z= 

1.96), p= prevalence of IGD= 50%= 0.5, q= 0.5, d= 

margin of error=0.05 and the sample size (n) was 

424 after adding 10% non-response rate. The main 

instrument to collect data was online self-

administered questionnaires using Google forms. 

The survey instrument was distributed to faculty 

members to assess its validity and reliability before 

pretesting among 42 (10% of sample) 

undergraduate students for relevance, clarity, and 

acceptability. Changes such as shuffling the 

question patterns were made before the final 

questionnaire survey was distributed to the 

research participants. 

The study questionnaire consisted of the following 

two parts - Part A: General informative 

questionnaire to assess the socio-demographic 

profile, and Part B: The English version of the 

DSM-5 short (9-item) Dichotomous scale which 

compromises nine items, each reflecting one DSM-

5 criteria for IGD. The psychometric properties of 

this instrument have been well-established.1,26  For 

those who did not respond, the forms were sent at 

a gap of two days. The study included 

Undergraduate health sciences students of all 

semester and year studying in different medical 

colleges in Pokhara Metropolitan city. Interns and 

Post-graduate students were excluded from the 

study. 

Ethical clearance was obtained from Institutional 

Review Committee (IRC) of Manmohan Memorial 

Institute of Health Sciences (MMIHS) Kathmandu, 

Nepal (Ref no: 77/27) prior to the start of study. The 

study was conducted during a period of November 

2019 to July 2020. Questionnaire did not contain 

any identification detail such as email, name of the 

students and confidentiality was strictly 

maintained throughout the study. The participants 

had complete freedom to answer or decline the 

questionnaire. 
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The data were transferred from Google form into a 

spreadsheet and again transferred it to micro- soft 

excel 2016, analysis was done using the Statistical 

Package for Social Sciences software (SPSS IBM v. 

22). Data were presented in the form of frequency 

and percentage. Chi-square test (at 5% level of 

significance and 95% CI) was done to show the 

association between dependent and independent 

variables. A p value of <0.05 was considered 

statistically significant for all the tests. 

Results 

There were total of 424 students out of which 412 

students participated in the study. Table 1 denotes 

the demographic characteristics of the respondents. 

The mean age of the participants was 21.45 ± 2.11 

years with the majority (80.6%) of females. Most 

(94.2%) of them were unmarried and were (99.5%) 

above the poverty line. Average income less than 

1.90$ (dollars) per day is defined as below poverty 

line and equal or more than 1.90$ (dollars) per day 

is defined as above poverty line.21 

 

Table 1. Some of the demographic Criteria for Participation 

Variables Frequency Percentage 

Age (in years)  

Mean ± SD 21.45 ± 2.11 

Sex 

Female 332 80.6 

Male 80 19.4 

Ethnicity 

Janajati 101 24.5 

Brahmin 198 48.1 

Chettri 88 21.4 

Others 25 6.1 

Marital status 

Unmarried 388 94.2 

Married 24 5.8 

Socio-economic status 

Below poverty 2 0.5 

Above poverty 410 99.5 

 

Table 2. IGD among the respondents was found to be (7.1%) 

Variables Frequency Percentage 

Prevalence of IGD  

No  273 92.9 

Yes 21 7.1 

 

Table 3 shows the analysis of factors significantly 

associated with IGD. Sex was significantly 

associated with IGD. The prevalence of IGD was 

higher in males than females. The study shows that 

males were 3 times more likely to have IGD than 

the female respondents (OR=2.906, 95% CI= 1.167-

7.240). Loneliness level at home was seen to be 

significantly associated with the IGD of the 

respondents. The respondents who felt much 

lonely at home were 7 times more likely to have 

IGD than the respondents who did not feel lonely 

at home (OR= 6.583, 95% CI= 1.143-37.917). 

Likewise, the respondents who felt a little lonely at 

home were 3 times more likely to have IGD than 

the respondents who did not feel lonely at home 

(OR= 3.199, 95% CI= 1.179-8.679). 

Number of close friends was also associated 

significantly with IGD. Respondents who had 1 to 

2 close friends were 3 times more likely to have 

IGD than the respondents who had 7 or more close 

friends (OR= 3.205, 95% CI= 1.085-9.472). Likewise, 

respondents who had 3 to 6 close friends were less 

likely to have IGD than the respondents who had 7 

or more close friends (OR= 0.393, 95% CI= 0.116-

1.329).  
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Respondents who played action games were 13 

times more likely to have IGD than the 

respondents who played strategic games (OR= 

12.972, 95% CI= 3.600-46.746). Likewise, 

respondents who played adventure games were 5 

times more likely to have IGD than the 

respondents who played strategic games (OR= 

4.556, 95% CI= 0.883-23.495). Similarly, the 

respondents who played role-playing games were 

4 times more likely to have IGD than the 

respondents who played strategic games (OR= 

3.905, 95% CI= 0.381-40.054). Time spent on games 

was also found to be significantly associated with 

IGD. Respondents who played game for 8 and 

more than 8 hours were 7 times more likely to have 

IGD than the respondents who played games for 0 

to 7 hours (OR= 6.951, 95% CI= 2.686-17.989). 

Respondents who were regular players were 8 

times more likely to have IGD than the 

respondents who were irregular players (OR= 

8.227, 95% CI= 3.037-22.284). 

 

Table 3. Bivariate analysis of factors significantly associated with IGD 

 

Factors 

 

Prevalence of IGD 

 

p-value 

 

OR 

95% CI (lower-

upper limit) 

 No Yes    

Sex 

Female 217 (94.8%) 12 (5.2%)  Ref  

Male 56 (86.2%) 9 (13.8%) 0.022 2.906 1.167-7.240 

Loneliness level at home 

None 158 (96.3%) 6 (3.7%)  Ref  

Little 107 (89.2%) 13 (10.8%) 0.022 3.199 1.179-8.679 

Much 8 (80.0%) 2 (20.0%) 0.035 6.583 1.143-37.917 

No. of close friends 

1 to 2 39 (79.6%) 10 (20.4%) 0.035 3.205 1.085-9.472 

3 to 6 159 (97.0%) 5 (3.0%) 0.133 0.393 0.116-1.329 

7 or more 75 (92.6%) 6 (7.4%)  Ref  

Types of game 

Role-playing 14 (93.3%) 1 (6.7%) 0.251 3.905 0.381-40.054 

Action 59 (80.8%) 14 (19.2%) 0.000 12.972 3.600-46.746 

Adventure 36 (92.3%) 3 (7.7%) 0.070 4.556 0.883-23.495 

Strategy 164 (98.2%) 3 (1.8%)  Ref  

Time spend on game 

0 to 7 hrs. 212 (98.8%) 7 (3.2%)  Ref  

8 and more hrs. 61 (81.3%) 14 (18.7%) 0.000 6.951 2.686-17.989 

Type of gamer 

Irregular 254 (95.1%) 13 (4.9%)  Ref  

Regular 19 (70.4%) 8 (29.6%) 0.000 8.227 3.037-22.284 

 

Discussion 

This study found that the prevalence of IGD 

among Undergraduate Health Sciences students 

was 7.1% whereas among 92.9% of the respondents 

there was no IGD. In the context of Nepal, a 

comprehensive literature review showed a study 

on gaming disorder in Nepal. A recent study done 

in 2020 showed that the prevalence of gaming 

disorder was 8.5%.20 A study conducted in 

Kathmandu, Nepal among Health Sciences 

students in 2015 showed that 32.6% played online 

games on the internet.9 Few studies on internet 

addiction among adolescent students in Nepal 

showed gaming as a major purpose of internet 

use.7,9,10 Likewise, a study conducted in India 

showed that the prevalence of IGD was 3.50% 

which was similar to the study conducted in 

Thailand 5.4%.11,12  

This study found sex as a strong predictor of IGD 

and prevalence was high among males than 

females among Undergraduate Health Science 

students. A study conducted in India showed that 

the prevalence of IGD was higher among male 

students than female students.11 Majority of the 
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studies reported similar findings of high male 

prevalence like Lemmens et al (6.8%), Miller et al 

(3.1%).13,14 From this study, it is evident that sex 

acts as an important risk factor for IGD. This may 

be because video games are marketed more 

towards males than females, there are not many 

games that attract girls, interactive online games 

and contents mainly rely on power, dominance, 

control and/or violence, which, may explain males’ 

attraction on the internet use and games. Socio-

demographic factors such as ethnicity, marital 

status, and family size were not associated with 

IGD in this study.  

Loneliness level at home was also significantly 

associated with IGD. A study conducted in Nepal 

showed that the respondents who felt much lonely 

at home were more addicted to the internet.10 

Previous studies have consistently confirmed the 

connection between loneliness and game 

addiction.15,16 This may be because playing online 

games may temporarily provide an escape from 

the negative feelings associated with social 

deficiencies such as dysfunctional family, lack of 

friends, and may make them free from loneliness. 

Number of close friends was also significantly 

associated with IGD. This study did not find any 

association between tobacco, alcohol consumption, 

and IGD, this result was supported by a study 

done in Thailand.12 The study shows no association 

between socioeconomic status, internet access, and 

IGD. Pawan Taechoyotin et al support the 

findings.12 

Time spent on games was significantly associated 

with IGD. A study done in Thailand supports the 

findings. If the games are played in controlled 

duration, it has a positive effect on learning process, 

motivation, memory formation and gives rise to 

happiness in those who play game. However, 

excessive internet gaming activity may develop 

into IGD.17 Types of gamers were also significantly 

associated with IGD. A similar study conducted in 

2016 by Gaetan et al showed that compared to 

irregular gamers, regular gamers have IGD and 

express their emotions less, and have difficulty 

being emotionally reactive.18 Types of games were 

also significantly associated with IGD. This study 

shows that respondent who play action games 

were more likely to have a prevalence of IGD, this 

might be because action games content rely on 

power, fights, control that will attract the gamers 

towards the action genre. A study conducted by 

Bonaire et al in 2019 supports this finding.19  Video 

games act as a medium for projecting and 

experiencing one’s emotional life by staging the 

emotional self and thus giving priority to gaming 

than other activities.18 

Conclusion  

The present study revealed 7.1% prevalence of IGD 

among Undergraduate Health sciences students of 

Pokhara Metropolitan city. We found respondent’s 

sex, loneliness level at home, number of close 

friends, types of game played, time spent on a 

game per day, and type of gamer to be the 

contributing factors for developing IGD. Therefore, 

it is very important to focus on these factors to 

address IGD and its psychological health effects on 

undergraduate heath sciences students. 
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Solid waste workers in India and the COVID-19 pandemic: A 

review of intersecting challenges 
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ABSTRACT  

Introduction: Municipal garbage/refuse, sludge, industrial and commercial waste, etc. 

is termed Solid Waste (SW) and those who handle such waste are SW workers. But the 

COVID-19 pandemic has hit them hard. SW workers play a vital role in waste 

management to safeguard and promote public health. But they are often unappreciated 

and the various health risks and vulnerabilities associated with waste handling are 

overlooked. This study aimed to review the working conditions and morbidities of SW 

workers highlighting the longstanding challenges before and after the onset of COVID-

19 in India. 

Methods: Databases such as PubMed and Google Scholar were used for the inclusion 

of articles. Drawing from the literature on the working conditions and morbidities of 

SW workers in India alongside grey literature and news reports by electronic media 

during the pandemic, this paper highlights the longstanding challenges of SW 

workers.   

Results: The health morbidities and structural challenges due to caste, and class that 

were reported as being faced by SW workers across the studies have worsened at the 

onset of COVID-19. There is a multiplying effect of their vulnerability due to the 

disadvantages of caste and class. Due to power dynamics, they were forced to work 

without proper wages and appropriate healthcare resources. Many incidents across the 

country reported stigma and discrimination; poor access and utilization of Personal 

Protective Equipment (PPE) among SW workers resulted in infections and deaths due 

to the pandemic. Lack of proper data on COVID-19 infected SW workers; lack of proper 

certification had halted their insurance claims.  

Conclusion: This paper noted the multiplying effect of long-standing vulnerabilities 

that were exposed during the pandemic. Proper maintenance of health records and a 

sustainable employee grievance redressal mechanism are essential. The need of the 

hour is to focus on strategies to improve their working conditions along with policies 

to protect their dignity and empower them.    

Keywords: Discrimination, Health, India, Morbidities, Occupation, Personal 

Protective Equipment, Solid Waste Workers. 
 

 

Introduction 

In the country’s capital, Delhi, more than half of the 

Coronavirus Disease (COVID-19) deaths among 

the staff of the municipal corporation were the safai 

karamcharis i.e. the Solid Waste (SW) workers.1  

Municipal garbage/refuse, sludge, industrial and 

commercial waste, etc. is termed as SW and those 

who handle such waste are SW  workers. These 

workers play a vital role in waste management to 

safeguard and promote public health. But they are 

often unappreciated, underpaid and overlooked. 

They suffer from various health risks and 

vulnerabilities due to physical, chemical and 

psychosocial hazards associated with waste 

handling.2   
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There is an ever-present risk of infection,  

infestation, and death for the SW workers.  It is no 

surprise that the pandemic has hit them hard. 

The World Health Organization (WHO) declared 

COVID-19 as a pandemic on March 11th, 2020. 

During this pandemic, various types of waste 

including healthcare waste are being generated. 

Microbiologic wastes and injuries from sharps 

have more risk of transmission of infectious 

diseases.3 Household waste management also 

remains critical during the COVID-19 crisis as 

healthcare waste could be easily mixed with 

domestic waste. A COVID-infected person 

probably generates around 3.4kg of hazardous 

waste per day.4  People in quarantine or isolation 

have limited awareness about proper waste 

disposal from households/areas and such infected 

waste was being disposed of in a common bin 

along with the domestic waste.4 It has been more 

than a year since the outbreak of COVID, yet still 

household waste segregation practices in the cities 

have not changed.5,6 The possibility of the spread 

of infection from these sources, and the work 

environment during the pandemic might put the 

SW workers at high risk of contracting COVID 

infection given the inadequate Personal Protective 

Equipment (PPE) they have.  

The workers handling waste are employed in their 

jobs either by municipalities or connected with any 

associations/co-operatives or self-employed. Based 

on how they are employed and the activities 

associated with waste handling, the workers fall 

into various categories. They could be door-to-

door solid waste collectors, on-route/truck waste 

pickers, street sweepers, silt removal/drainage 

cleaners, and street/dump/landfill waste pickers.7  

These workers also include those handling general 

waste from hospitals. Most of the SW workers are 

engaged in waste handling based on caste, 

particularly the lowest in the hierarchy of caste 

system in India or the generational transmission in 

their family.8 The individuals involved in these 

jobs are considered “dirty” and hence 

“untouchables” in India.9 This is apparent from the 

most commonly used term “kachrawalla” (garbage 

people) to refer to SW workers instead of 

“safaiwalla” (cleaning staff).10  

In developing countries, because of limited 

resources, the process of waste handling in urban 

localities mostly remains manual11 putting the SW 

workers at risk of injuries as the job of waste 

handling itself involves physical hazards while 

lifting waste loads, using trolleys, contact with 

sharps, etc.  Also, there is a risk of biological 

hazards due to bacteria, viruses, or fungi and 

injuries or zoonotic diseases due to animal/insect 

bites.  Due to this, SW workers are likely to suffer 

from various medical conditions including 

dermatological, respiratory, gastrointestinal 

problems, and many other morbidities. None of 

the workers in the study had awareness regarding 

diseases caused due to handling waste.12  Due to 

direct contact with waste, they are at risk of health 

hazards. There may be cuts and infections from 

sharps. Hazardous smoke from burning waste if 

inhaled is an issue affecting their health.13 On the 

other hand, Bio-Medical Waste (BMW) and 

municipal waste should not be mixed,14 that needs 

attention because of the nature of the risk it poses 

to people who handle it or comes in contact with it 

putting them at risk of Hepatitis B, C, and other 

infections. In 2009, India had a Hepatitis outbreak 

in Modassa, Gujarat due to unsatisfactory BMW 

management.15  Without proper protective wear, 

without appropriate preventive care, SW workers 

continue to risk their lives working through 

different kinds of waste ending up in multiple 

morbidities.  

While Indian cities race to stand among Swachh 

Bharat Abhiyan (Clean India Programme) clean city 

rankings, the predicament of SW workers who 

strive to achieve this cleanliness is still 

questionable. As the population expands in urban 

settings, they have to cope with the increasing 

waste generation, particularly the healthcare waste 

mixed with domestic waste which is very risky, 

especially during a pandemic. Working conditions 

during public health emergencies are even more 

pathetic for SW workers. Health risks and impacts 

due to the pandemic varies across caste, class and 

gender and their vulnerability multiplies as these 

aspects intersect.16 This affects their quality of life 
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leading to job losses and increased economic 

burden. All the challenges that the SW worker 

group has been facing are long-standing for 

decades.  

Therefore, drawing from literature on their 

working conditions and morbidities alongside 

grey literature and news reports during the 

pandemic, this paper aims to highlight the 

longstanding challenges of SW workers in India. 

On the whole, the paper showcases their plight 

before and after the onset of COVID.  

Methods 

This is a review of literature reporting on 

occupation-related issues and health morbidities of 

SW workers in India. Various groups such as 

sweepers, garbage collectors, workers at 

dumpsites, sewer workers, etc. were considered 

SW workers and included in the review. Though 

not formally engaged, even ragpickers deal with 

solid waste contributing to waste management, 

hence were also included. Workers handling 

electronic waste or working in hospital settings 

were excluded. 

Studies on social challenges, occupational 

morbidities, practices and healthcare among SW 

workers engaged under municipalities and those 

on ragpickers published from 2001 to 2021 were 

included. Articles were searched in the PubMed 

database using search terms like waste worker, 

garbage collector, sewage worker, safai karamchari, 

sanitation worker, conservancy staff, waste loader, 

waste handler, sweeper, hazard, morbidities, 

health problem, risk, workplace, personal 

protective equipment, protective gear, and safety 

wear. A hand search of articles and cross-

references in Google scholar were also screened for 

inclusion. Titles and abstracts of the identified 

articles were screened; articles that were eligible to 

be included were cross-checked for duplicates. 

Studies with no full-text access or only abstracts 

available, reports, commentaries, dissertations, 

and editorials/letters to the editor were excluded. 

The second tier of grey literature included was the 

news reports by the electronic media from January 

2020 to July 2021, hand searched in Google about 

SW workers experiencing challenges during the 

COVID-19 pandemic in India. 

Results 

The findings are focused on different sections. The 

first section presents the occupational challenges 

and health morbidities associated with waste 

handling through secondary data findings of 

original research studies among SW workers and 

ragpickers in India. The second section presents 

their hardships during COVID-19 in India 

collected through several e-newspaper reports.  

Challenges before the COVID-19 pandemic 

Structural differences related to the job of waste 

handling: 

SW workers are usually engaged as permanent or 

contractual. In a study among sanitary workers in 

Kerala, 64.6% of them were regular corporation 

workers17 while studies in Odisha and Karnataka 

found predominantly contract workers.18,19 Wage 

difference between regular and contractual 

workers has also been reported. Some of the 

contractual workers get no or minimal hike in 

salaries even after several years into the job. Those 

employed on a contractual basis continue this job 

because of the lack of availability of other jobs. 

Only regular workers reported receiving medical 

benefits or allowance.20 The working conditions are 

very vital for any occupation, but the job of waste 

handling by nature itself involves unhygienic 

conditions. A few studies reported a lack of basic 

amenities like drinking water, adequate seating at 

the reporting places, washing facilities (soap and 

water), or toilets near collection points, workplaces, 

or work stations in dumping yards.8,21,22  While 

some workplaces have the facilities but are not in a 

condition to utilize them or were grossly 

inadequate. The workers had no proper lunch 

break and eat only after their work is complete.8 

Adding to these workplace issues along with a 

diverse group of morbidities and problems with 

PPE, social challenges turn this group into one of 

the most vulnerable. Many studies noted how SW 

workers were downtrodden. The SW workers face 

stigma/discrimination from society due to their 

occupation, their families were treated as 

untouchables, have no proper social life and verbal 
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abuses were very common.18,23  Discrimination in 

marriages and school was also reported.11  Social 

exclusion, threatening by high caste people, or 

being accused of thefts was reported but the 

ragpickers were habituated with all the abuse 

considering it as a part of their work itself.24 Lack 

of visibility in society makes them fall prey to these 

structural differences. Such a scenario worsens at 

times of onset of any health emergency. 

A pool of Health Morbidities among SW workers: 

SW workers experience a diverse group of health 

morbidities most of which are specific to their 

occupation or have more risk of acquiring 

particular morbidity than a general population.25  

The most commonly reported occupational health 

problems are skin problems, cuts, bruises and 

wounds.8,26,27 Among SW workers, Jayakrishnan et 

al., 2013 and T. Patil & Raje, 2020 reported a high 

prevalence of injury with sharps (73.2% and 

70%).21,11 Among ragpickers, a few studies reported 

a very high prevalence (75%-93%) of injury with 

sharps.28-30 High prevalence of skin infections 

among SW workers was seen in a study12 

compared to a few other studies.20,31 Nayak. et al., 

2013 documented various types of dermatological 

problems reported due to waste handling.32  Attack 

by animals during work was also reported among 

municipal SW workers21,31 and rag pickers.28,33   

A study among the municipal SW workers in 

Chennai had 3.3 times the odds of having 

respiratory morbidity than the control group25 and 

it was 4.24 times among sweepers in Nagpur than 

a control group of Class IV workers in the office 

buildings.34 The risk increased significantly with 

increased duration of service.12,34 Studies of lung 

function tests among SW workers reported a 

significant reduction in lung capacity as the years 

of work experience increased. They were also 

significantly reduced than a control group 

compared across most of the studies.35,36 This 

reduction was also significant among those who 

did not use masks and who used masks regularly 

while sweeping.37 

SW workers especially the sewer workers would 

be exposed to drains that have a niche for 

leptospira so are at risk of leptospirosis which is 

both an occupational disease and a zoonosis. In a 

study on seroprevalence of leptospirosis, sewage 

workers were second-highest among five high-risk 

occupational groups assessed.38  SW workers are 

exposed to many pollutants present in the waste 

they handle and would even contain toxic heavy 

metals. Biochemical tests among SW workers 

engaged formally had altered elemental profiles in 

the blood such are iron, bromine, and copper-zinc 

ratio; compared to that of the general population.39 

Hematological tests had shown increased white 

blood cells suggesting inflammation and allergic 

reactions among SW workers.25 Biochemical tests 

among ragpickers had shown that their occupation 

adversely affects immunity,40 even causing 

cytological and genotoxic damage41 which leads to 

cancer. Significant airway inflammation was found 

among women ragpickers making them more 

vulnerable to chronic diseases compared to a 

control group of women.42  Sputum cytological 

changes such as metaplasia and dysplasia of 

airway epithelial cells were observed in a study 

which is a sign of greater risk of cancer.43 

Apart from health issues that were common to the 

job of waste handling, certain other chronic 

morbidities reported were diabetes and 

cardiovascular problems.17,26,44  SW workers were 

found to have 1.8 fold higher risk for 

hypertension.25 A study in Ahmedabad reported a 

comparatively high proportion of hypertension35 

among SW workers group involved in street 

sweeping than a control group of administrative 

staff (public health supervisor, sanitary inspector, 

and sub-sanitary inspector). Other morbidities 

such as tuberculosis25, eye problems12,31, dental 

problems11, gastrointestinal problems11 and 

frequent hit and run accidents22,29  were also 

reported. Most of the SW workers were not having 

nutritious food in a study in Tamil Nadu but the 

method of assessment isn’t clear.45  This could be 

supported by a study finding of street sweepers 

who are significantly underweight compared to 

the control group at Ahmedabad Municipal 

Corporation.35 Anemia was also an issue of concern 

reported commonly among SW workers and rag 

pickers across studies.35,17,46,47  
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On the other hand, mental health problems such as 

mild depression were reported among half of the 

workers in a few studies.28,48  A study in Mumbai 

reported poor mental health among SW workers 

compared to a control group of class-IV employees 

working as back office helpers or fogging/spraying 

workers.49  This was due to various reasons such as 

fear of loss of job, low wages, daily struggle for 

survival, lack of hope for a better life and 

uncertainty about their future.50  In a study in Pune, 

quality of life assessed among SW workers was 

found to be affected negatively, particularly in 

their physical, social, and environmental 

domains36 than the control group. The social 

domain among sewage workers in Puducherry 

was found to be very low in a study.44 

Healthcare access: 

In case of any morbidity, mostly the SW workers 

continue with their work without any appropriate 

treatment. With a fear of loss of pay, the SW 

workers don’t get their wounds treated adequately, 

exposing them to further complications. 

Inadequate knowledge about healthcare and 

where to access the services is also a critical factor. 

They usually resort to alcohol consumption and 

self-medication to get relief from their symptoms19 

or rely on home remedies for minor health 

problems.18   Desludging workers would apply 

mud immediately when injured as a temporary 

first aid27 but this has a risk of acquiring tetanus. A 

comparative study in Ahmedabad showed that the 

administrative group had better health-seeking 

behavior attributing to controlled hypertension 

than the SW workers group.35  About 68.7% of SW 

workers who were formally engaged were 

utilizing government hospitals for health 

problems17 as they could not afford treatment in 

private hospitals. But it was reported that 

government hospitals lacked proper health 

facilities (particularly pharmacy and diagnostic 

tests), and healthcare is often delayed due to 

overcrowding and poor attention from doctors.8,22  

There was no health education given or regular 

health checkups at the workplace. Though the 

Municipal Corporation of Greater Mumbai has 

earlier organized medical check-ups, most of the 

SW workers have not attended them.8  A study 

among conservancy workers in Chennai has 

highlighted the need for prophylactic 

immunizations, especially Hepatitis-B vaccination 

(HBV) as an 8% prevalence of hepatitis B carriers 

was found among SW workers.25 Majority of SW 

workers have not got any vaccination such as HBV 

or tetanus toxoid31 and only three had received 

HBV vaccine in a study.21 While 30.6% of them had 

taken tetanus injections and were working under a 

municipal corporation in Maharashtra.11 In 

contrast, only 35.16% of SW workers under 

Aurangabad Municipal Corporation were not 

immunized against hepatitis B and 19.24% did not 

receive TT in the recent past or were not fully 

immunized against Tetanus.26 

While ragpickers were ignorant of their health. The 

services being inexpensive, they too prefer 

government hospitals but only in case of serious 

illness.46,48  Some of them rely on self-treatment if 

the health facility is distant to them. A few would 

opt not to procure the prescribed medication as 

they felt it was unaffordable.48 Despite dog bites 

reported among 23 workers, only two of them had 

completed post-exposure prophylaxis for rabies 

from a nearby municipal dispensary in a study 

among women ragpickers in Mumbai. This study 

also found that women ragpickers were married at 

a young age, had a low preference for temporary 

contraceptive methods, and experienced multiple 

pregnancies.46 Antenatal care is important for the 

health of women and the unborn child, but the 

majority of ragpickers had no proper antenatal 

care.33,46  Mohapatra, 2012 reported in a study that 

40.5% had delivery/abortion by doctors while 59.46% 

approached dhais.47  This finding was similar to a 

study by Uplap and Bhate, 2014 with 43.5% having 

home delivery and 47.6% with hospital delivery in 

the last pregnancy.46 But in a recent study, home 

deliveries were high (80%) among women 

ragpickers.33 There were studies promoting health 

in this group which were found to be effective in 

improving knowledge on anemia prevention and 

reproductive health,46 and knowledge on the 

occupational hazard and hygiene.51 

The use of PPE among SW workers was never a 
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convention: 

Lack of safety measures and lack of awareness 

regarding health were the prime causes of health 

morbidities and occupational hazards. Most of the 

studies among SW workers in India reported 

inadequate use/supply of PPE at the workplace 

such as the use of gloves, gumboots/protective 

footwear, masks, and reflector aprons. 

The findings across studies ranged from complete 

no use to a considerable rate of use of PPE by the 

municipal SW workers. In one of the municipalities 

in New Delhi, Patel & Datta, 2018 reported 

comparatively good rates of using one or the other 

PPE; 86%, 80.5%, 53.7% and 19.5% were using 

aprons with reflectors, shoes, masks and gloves 

respectively while working.52  Another recent 

study in Puducherry reported that 44.8%, 19%, and 

10% were using footwear, gloves, and facemask 

respectively and none were using goggles or 

suits.44  It could be observed from these studies that 

the use of gloves is comparatively less than other 

forms of PPE being used. A few studies reported 

that none of the SW workers engaged under 

municipalities were using PPE while working.19,32,34 

The reasons included an irregular supply of PPE 

and lack of motivation to use. Even though half of 

them were provided with PPE17, only 20%37 or less 

than 20% were using PPE citing the reasons for not 

using such as non-availability, not being aware of 

such devices, found it difficult to work with 

devices on.26 

Some municipal corporations don’t provide PPE 

regularly, even if they provide it would be of poor 

quality or a poor fit for the workers. The 

size/design of PPE was inflexible for the nature of 

their work which was even leading to accidental 

injuries while working with these devices. Due to 

these difficulties, most of them were not using 

PPE.8,23,27 While 12.3% of the SW workers working 

under municipalities were using unconventional 

PPE such as handkerchiefs and dupattas35 and 

most of them used towels to cover their faces.27 

Gautam et al., 2021 conducted a study among SW 

workers working in sewers that highlighted 

various constraints in using the currently available 

PPE which also explored workers’ preferences 

about PPE and its design. This study revealed 

preference for PPE in the following order- gloves, 

mouth mask, gas monitor and gumboots, goggles, 

helmets, and jackets. These SW workers preferred 

waterproof, splash-proof, grippy, arm-length 

gloves that are easy to clean and aid in protecting 

from sharps. A tight-fitting, waterproof, and easy-

to-communicate mask was the first choice, which 

can protect from harmful gases.27  

Similar to municipal SW workers, the use of 

unconventional PPE was found among ragpickers 

where 60% of them used plastic bags or a hook as 

a precautionary measure while searching through 

the waste.28 In one of the recent studies, 23% of 

them reported using masks/gloves.41 Notably, a 

high proportion (70.3%) of ragpickers working at a 

dump yard in Chennai reported using one or the 

other PPE, such as gloves, footwear, headgear, and 

masks.48  Most of the studies reported that none of 

the ragpickers used PPE.29,33  The ragpickers did 

not care about the risk of injury and even the 

availability of PPE was also a problem.  

Frontline warriors during the COVID-19 

pandemic no-where in the front 

The chaos has been continuing as the first and 

second waves of COVID-19 hit the country. Several 

lockdowns were imposed to date but health and 

emergency services were continued. SW workers 

too continued their work during the chaos. It is this 

group of workers who were most affected during 

the pandemic. A study by Urban Management 

Centre and Water Aid India has reported that with 

added responsibilities such as disinfection to 

prevent transmission of the virus, some of the SW 

workers had to work for additional 2-6 hours per 

day than their usual work hours without any 

compensation for the extra workload.53 Long shifts 

of up to 30 hours were reported among some of the 

hospital waste workers. Public transport services 

were suspended to combat the spread of the virus. 

The SW workers had to commute either by 

walking for long distances or using their mode of 

transport bearing the additional fuel expenses.53 

The SW workers continued to work for their 

livelihoods with the fear of not only getting 

contracted the COVID infection but with an added 
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fear of spreading it to their families. Some of them 

reported losing jobs if they got infected or if any of 

their family members were infected or passed 

away due to COVID.54 

The COVID-19 pandemic was found to be yet 

another intersectional aspect pushing SW workers 

to extremely strenuous livelihoods. Though there 

were instances during the pandemic applauding 

the SW workers across the country for being the 

frontline warriors fighting for cleanliness and 

sanitation of the cities, the ground reality of their 

lives remained the same. The literature findings in 

earlier sections showed decreased lung capacity 

among SW workers along with other co-

morbidities which are potential risk factors for 

contracting COVID further worsening their health 

morbidities. The occupational issues of SW 

workers do not just constitute health morbidities 

but pull up wider social and economic problems 

resulting in horizontal inequities that are 

exacerbated during the current pandemic. The 

injustices for SW workers such as getting 

ostracized have been continued by social division 

with cultural stigmas of impurity and dirt55 

associated with low caste people. Discrimination 

due to their class, caste and stigmatized occupation 

roles has been rampant during the pandemic56 in 

terms of provision of hygienic food, PPE, wages 

and quarantine holidays. Their plight is not new to 

the current COVID-19 situation; they have been 

striving for better livelihoods and working 

conditions for ages. Only a few social activists such 

as Harnam Singh have been fighting against such 

unfair treatment of SW workers during the 

pandemic as well as before its onset. The hardships 

among SW workers during COVID-19 in India are 

presented in Table 1 through second-tier grey 

literature i.e. the news reports on SW workers 

during the pandemic

.  

Table 1. Incidents reported among SW workers during COVID-19 in India. 

Date Source Incident 

8th April 

2020 

The 

Telegraph 

online 

Death of a sweeper who was forced to spray chemicals in an area in 

Uttar Pradesh without any PPE like mask or gloves.57 

15th April 

2020 

Nava 

Telangana 

Waste handlers in Medak, Telangana were working without a mask 

and bare hands while cleaning drains, sweeping and garbage 

collection.58 

19th April 

2020 

India.com In Uttar Pradesh, a SW worker succumbed to death, who was forced 

to drink disinfectant for mistakenly spraying it on the foot of a 

man.59 

28th April 

2020 

Sabrang 

India 

Sanitation workers of Brihan Mumbai Municipal Corporation were 

given Hazmat (hazardous materials) suits. They were asked to wash 

and reuse them.60 

7th May 

2020 

The Wire Without PPE, a sanitation worker in Rajasthan has packed a COVID-

19 patient's body unaware of the details of the patient.61 

10th May 

2020 

News 

Meter 

During the COVID-19 lockdown, sanitation workers at hospitals in 

Hyderabad were made to travel packed in buses and also reported 

harassment by police on their way to pick-up points.62 

3rd July 

2020 

The News 

Minute 

The death of six sanitation workers in Chennai due to COVID-19 

was not recorded by the corporation which made the family 

ineligible for compensation.63 

15th July 

2020 

Deccan 

Chronicle 

Sanitation workers reported a huge wage difference between 

contract and permanent workers in Hyderabad. Permanent workers 

had only 15 days of work while contract workers did their job the 

entire month.64 

3rd 

August 

2020 

The 

Federal 

Garbage collection vehicles were used to distribute food for SW 

workers while food supply to other officials has good transportation 

in Chennai Corporation.56 
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23rd 

August 

2020 

News 

Meter 

Nine sanitation workers in Gajwel, Telangana, who were infected 

with COVID-19 reported caste discrimination by officials. They 

traveled to the hospital in a tractor used for carrying municipal 

waste as the authorities didn’t care.65 

8th April 

2021 

The New 

Indian 

Express 

SW workers in Greater Hyderabad Municipal Corporation (GHMC) 

were working for 14 hours/day without PPE even during the second 

wave of the Covid-19 pandemic. They often come across domestic 

waste mixed with medical waste.4 

29th April 

2021 

The 

Indian 

Express 

SW workers in Bengaluru have been working without PPE even 

during the second wave of the Covid-19 pandemic. Their plight was 

the same for one year of the onset of the pandemic. They handle the 

waste of those in home isolation but were not provided with PPE.66 

20th May 

2021 

The Wire Around 1,500 permanent SW workers of the Greater Chennai 

Corporation tested positive in 2020.  

SW workers reported that they were at least receiving use-and-

throw masks and gloves daily in 2020. But the distribution of safety 

gear has reduced in the second wave of the pandemic.  

A worker had developed allergies after being bitten by a scorpion 

while collecting waste.67 

23rd May 

2021 

Deccan 

Chronicle 

Salaries were deducted for over 200 SW workers in Hyderabad 

despite the government order to pay full salaries to frontline 

workers in case of contracting Covid-19.68 

1st July 

2021 

Citizen 

Matters 

COVID has affected the earnings of informal waste collectors. 

Healthcare access was difficult and one of their fellow workers lost 

his wife during labor due to delivery complications.69 

 

Not even half of the SW workers surveyed during 

the pandemic received safety provisions like masks, 

gloves, soaps, sanitizers and towels.70 A study 

during the pandemic found a discrepancy in the 

provision of PPE to permanent and contractual or 

SW workers engaged by municipalities and by 

private agencies. In a study 40% of SW workers 

reported a lack of access to handwashing facilities 

at the workplace while some of them also reported 

a lack of changing and washing facilities.53 These 

were reported even before the pandemic as evident 

from the literature. Even though the National 

policy on Safety, Health and Environment at work 

place recommends safe, just and humane working 

conditions,71 improvements in their work 

environment and practices are far in sight.  A major 

setback in India is that there is no organized 

segregation of SW at the household level or at the 

community bin.72  Similarly, 78.5% of SW workers 

in a study in Kerala reported that they get 

unsegregated waste from the houses.21 This was 

the same even during the pandemic.4  Waste 

segregation at its generation level has been blind 

spotted without taking into concern about who is 

going to handle it. Basic standard of living and 

health care access is critical during infectious 

disease outbreaks. Waste management is even 

more critical in times of the pandemic and there is 

a compelling need for addressing the multitude of 

issues plaguing the SW workers.  

Access to healthcare services in general situations 

and even at times of an emergency remains a 

mirage to SW workers. The Indian government 

announced health insurance coverage for 

sanitation workers during the pandemic in 202073 

but in a study by Nigam D.D & Dubey S, 2020, 87.5% 

of sanitation workers reported no assurance from 

the government about health insurance, free 

treatment, or job security during COVID-19.70  

Though there is provision for such 

schemes/insurances, the SW workers or their 

dependents were yet to avail them.63,67  The terms 

and conditions under these insurances, lack of 

proper data on COVID-19 infected SW workers, 

and lack of proper certification had halted their 

claims.54  Vaccination for COVID-19 was made 

available for SW workers from January 2021 in 

India. Some of the SW workers were hesitant to get 

their jabs due to fear of falling sick and losing 

wages as the supervisor usually look for 
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opportunities to deduct their wages.74 Even when 

services are available, the extent to which people 

gain access depends on: financial, organizational, 

social or cultural barriers that limit utilization.75 

There is a need for facilitating a process whereby 

SW workers can command appropriate health care 

resources that are long-standing to improve their 

health along with stronger actions to safeguard 

their dignity. COVID-19 is an appropriate 

opportunity to demand that health services are 

available including an adequate supply of PPEs.  

Target-11.6 of the Sustainable Development Goals 

(SDGs) focuses on improved urban solid waste 

management and this will positively impact the 

other SDGs. SW workers thereby prevent the 

spread of diseases and contribute to SDG3 i.e. 

Good health and well-being. This in turn directly 

helps in making cities safe and sustainable (SDG11), 

also increasing the availability of clean water 

because of improved sanitation(SDG6), protecting 

land and water bodies thereby indirectly 

contributing to SDGs 14 and 15. To achieve these 

goals, enhancing the livelihoods and workplace 

conditions of SW workers have to cross hand in 

hand. Health is not limited to the physical 

dimension; it even includes mental and social well-

being. Good health is important for cultivating 

sustained urban livelihoods, developing a healthy 

workforce, creating resilient and diverse cities, 

facilitating mobility, encouraging social 

engagement, and protecting vulnerable population 

groups. So strong urban policies should be framed 

considering all the existing challenges.76 Therefore, 

it is important to recognize the vulnerabilities of 

SW workers and associated factors for good policy 

practice. 

Conclusion  

The paper highlights the fact that the challenges of 

SW workers, including the crucial considerations 

of caste and class, have been long-standing and 

worsened at the onset of COVID-19 in India. 

Inadequate use of PPE is not an abrupt scenario; 

many studies have been reporting the same. 

Whether it is an availability or affordability or 

design issue, there are no measures or adequate 

policies in place for addressing their concerns and 

nothing has been improved over years. The diverse 

group of health morbidities, a serious public health 

concern, could have been brought down to a 

considerable rate if there has been an appropriate 

use of PPE. COVID-19 has multiplied these health 

vulnerabilities. It is equally important to combat 

the increased rate of morbidities among this group 

contributing to the global disease burden. Even 

social stigma, their economic status, access to 

healthcare and the cost factor involved are the key 

issues. All the measures to address their problems 

are partial and temporary which vanish or become 

less interesting to the authorities as time goes by. 

Periodic health screening, appropriate use of PPE, 

maintaining records and employee grievance 

redressal mechanism is essential. Exploratory 

research in different settings helps in 

understanding workplace challenges besides 

health morbidities. Interventions targeting one 

particular population group like SW workers will 

contribute to sustainable health for all given their 

key role in keeping cities clean and safe. Without 

SW workers we can neither achieve sustainable 

goals nor mitigate the risk of COVID-19. 
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