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Abstract:  
The paper manufacturing industry is known to have inherent safety risks associated with its various stages of 
production. The objective of this study is to identify safety hazards and propose injury/accident reduction 
strategies in the paper manufacturing industry using fault tree analysis (FTA) and other research tools. Surveys, 
case studies, site visits, statistical analysis, and expert interviews were used to collect data on safety hazards, 
safety practices, and worker attitudes towards safety. FTA was conducted to identify potential safety hazards 
and their causes. The study identified safety hazards associated with raw material handling, pulping, bleaching, 
finishing, and the use of equipment and machinery. It also evaluated the effectiveness of existing safety protocols 
and management systems and proposed recommendations for improvement. The study also assessed worker 
attitudes towards safety, analyzed worker behavior, and evaluated the industry's compliance with safety 
regulations. The findings of this study will help develop effective safety management systems, protocols, and 
training programs that reduce safety risks and improve safety performance in the paper manufacturing industry. 
Keywords: safety risks, injury reduction strategies, paper manufacturing industry, fault tree analysis, safety 
hazards, safety protocols, safety management systems. 
 
1. INTRODUCTION 
The paper manufacturing industry is an important part of the global economy, producing a variety 
of paper products used in daily life, including packaging, printing, and writing paper. However, the 
paper manufacturing industry is also known to have inherent safety risks associated with its various 
stages of production. According to the Occupational Safety and Health Administration (OSHA), 
the paper manufacturing industry has a higher than average rate of workplace injuries and fatalities 
compared to other industries [1].The paper manufacturing process involves several stages, including 
raw material handling, pulping, bleaching, and finishing. Each of these stages has its own unique 
safety hazards that can cause injuries or even fatalities. Raw material handling involves the 
transportation and storage of large quantities of raw materials, such as logs, chips, and pulp, which 
can result in falls, slips, and material handling injuries [2]. Pulping, the process of separating fibers 
from the raw material, involves the use of large and complex machinery that can pose a risk of 
mechanical and electrical hazards [3]. Bleaching, the process of removing impurities and color from 
the pulp, involves the use of toxic chemicals such as chlorine, which can cause chemical burns, 
respiratory problems, and eye irritation [4]. Finishing, the process of transforming the pulp into 
paper products, involves high-speed machines that can cause lacerations, crushing injuries, and 
amputations [5]. 
In addition to the hazards associated with each stage of the paper manufacturing process, there are 
also safety hazards associated with the use of equipment and machinery, such as boilers, digesters, 
and paper machines. Failure of equipment can cause explosions, fires, and chemical spills, which 
can cause serious injuries or fatalities [6]. 
Given the safety risks associated with the paper manufacturing industry, it is important to identify 
and evaluate safety hazards and develop effective injury/accident reduction strategies. Therefore, 
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this study aims to identify safety hazards and propose injury/accident reduction strategies in the 
paper manufacturing industry using fault tree analysis and other research tools. 
 
2. LITERATURE REVIEW 
The paper manufacturing industry is known for its hazardous working conditions and high risk of 
accidents and injuries. Several studies have been conducted to identify safety hazards and propose 
measures to improve safety in the industry. This literature review aims to summarize the findings 
of these studies and provide insights into the safety challenges and potential solutions for the paper 
manufacturing industry. One study conducted in India analyzed the safety culture and practices in 
the paper manufacturing industry [7-10]. The study found that a lack of safety culture and 
inadequate safety training were the main causes of accidents in the industry. The study 
recommended that management should provide regular safety training to employees and create a 
culture of safety to reduce the number of accidents. 
Another study conducted in Sweden focused on the hazards associated with the use of chemicals 
in the paper manufacturing industry [11-15]. The study found that exposure to chemicals such as 
chlorine, hydrogen sulfide, and sulfur dioxide can cause respiratory problems, skin irritation, and 
other health issues. The study recommended the use of personal protective equipment and the 
implementation of proper ventilation systems to reduce exposure to hazardous chemicals. A study 
conducted in the United States examined the safety hazards associated with the operation of paper 
machines [16-20]. The study found that the most common accidents were caused by workers getting 
caught in the machines, resulting in serious injuries or even fatalities. The study recommended the 
implementation of safety guards and regular maintenance of machines to prevent accidents. In 
another study conducted in India, the safety hazards associated with the handling of raw materials 
were analyzed [21-25]. The study found that handling of heavy raw materials such as logs and chips 
posed a significant risk of injuries, including musculoskeletal disorders. The study recommended 
the use of mechanical aids and proper training to reduce the risk of injuries during material 
handling. A study conducted in Canada analyzed the safety hazards associated with the use of 
boilers in the paper manufacturing industry [26-32]. The study found that the most common 
accidents were caused by steam leaks and explosions. The study recommended the implementation 
of regular inspection and maintenance of boilers to prevent accidents.  
Overall, the studies reviewed in this literature review highlight the safety challenges faced by the 
paper manufacturing industry and provide potential solutions to reduce accidents and injuries. 
The findings suggest that a comprehensive approach to safety is necessary, including safety training, 
use of personal protective equipment, implementation of safety guards and ventilation systems, 
regular maintenance of machines and equipment, and regular inspection and maintenance of 
boilers. 
 
3. METHODOLOGY 
3.1 Study Design 
This study will employ a mixed-methods research design that combines quantitative and qualitative 
data collection and analysis. The study will be conducted in three phases: (1) hazard identification 
and analysis, (2) fault tree analysis, (3) accident and injury data collection, and (4) development of 
injury/accident reduction strategies. 

 
Figure 1 : Study Design for Hazard Identification and Accident Prevention 
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3.2 Phase 1: Hazard Identification and Analysis 
The first phase of the study will involve identifying the different types of hazards present in paper 
manufacturing industries, such as chemical, machine, material handling, electrical, and thermal 
hazards. This will be achieved through a comprehensive review of literature, site visits, and 
interviews with industry experts. The data collected from this phase will be used to develop a hazard 
identification and risk assessment tool. 

 
Figure 2 : Hazard Identification and Risk Assessment Tool Development 
3.3 Phase 2: Fault Tree Analysis 
The fault tree analysis will be conducted to identify the root causes of accidents and injuries. The 
analysis will be carried out by breaking down the accidents and injuries into their constituent parts 
and identifying the contributing factors to each part. The data collected from this phase will be 
used to develop a fault tree model that will help in the identification of the most critical factors 
that contribute to accidents and injuries. 

 
 
Figure 3 : Collection of data to construct Fault tree model 
3.4 Phase 3: Accident and Injury Data Collection 
The third phase of the study will involve collecting data on accidents and injuries in paper 
manufacturing industries. Accident reports, injury data, and workers' compensation claims will be 
collected from different paper mills. The data collected will be analyzed to determine the frequency 
and severity of accidents and injuries. The analysis will also identify the factors contributing to the 
accidents and injuries, such as human error, equipment failure, and other factors. 
3.5 Phase 4: Development of Injury/Accident Reduction Strategies 
The final phase of the study will involve developing injury/accident reduction strategies. The 
strategies will be based on the hazard identification and risk assessment tool developed in phase 1, 
the fault tree model developed in phase 2, and the analysis of accident and injury data collected in 
phase 3. The reduction strategies will focus on eliminating or reducing the identified hazards, 
improving training and education of workers, and enhancing safety culture in paper manufacturing 
industries. 
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3.6 Data Collection and Analysis 
The data collection methods will include literature review, site visits, interviews, accident reports, 
injury data, and workers' compensation claims. The quantitative data collected will be analyzed 
using statistical methods such as descriptive statistics, frequency distributions, and regression 
analysis. The qualitative data collected will be analyzed using content analysis. To assess worker 
attitudes towards safety and the effectiveness of existing safety protocols, a series of Likert-scale 
questionnaires were administered to workers at a paper manufacturing plant. The questionnaires 
covered topics such as the frequency and quality of safety training, the availability and use of 
personal protective equipment (PPE), and worker perceptions of the effectiveness of existing safety 
protocols. Additionally, an analysis of accident reports and injury data was conducted to evaluate 
the industry's compliance with safety regulations. 
Table 1: Likert scale 

Score Interpretation 

1 Strongly disagree 

2 Disagree 

3 Neutral 

4 Agree 

5 Strongly agree 

 
3.7 Ethical Considerations: 
The study will adhere to ethical principles and guidelines, such as obtaining informed consent from 
participants, maintaining confidentiality of the data collected, and ensuring that the study does not 
cause harm to participants or their organizations. These ethical considerations are in line with the 
standards and regulations commonly accepted in research. Overall, this mixed-methods research 
design will provide a comprehensive understanding of the safety hazards, fault tree analysis, 
accident and injury patterns in paper manufacturing industries. The study's findings will contribute 
to the development of injury/accident reduction strategies and the improvement of safety culture 
in the industry. 
 
4. RESULTS 
The first phase of the study identified the different types of hazards present in paper manufacturing 
industries through a comprehensive review of literature, site visits, and interviews with industry 
experts. The hazards were categorized into five types: chemical, machine, material handling, 
electrical, and thermal hazards. Table 2 summarizes the identified hazards and their frequency of 
occurrence in the paper manufacturing industry. 
Table 2: Types of hazards and their frequency of occurrence in the paper manufacturing 
industry 

Hazard Type Frequency of Occurrence 

Chemical hazards High 

Machine hazards High 

Material handling hazards Medium 

Electrical hazards Medium 

Thermal hazards Low 

 
The fault tree analysis identified the root causes of accidents and injuries in the paper 
manufacturing industry. The analysis was carried out by breaking down the accidents and injuries 
into their constituent parts and identifying the contributing factors to each part. The fault tree 
model developed from this analysis identified the most critical factors that contribute to accidents 
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and injuries in the paper manufacturing industry. Figure 4  shows the fault tree model developed 
in this study. 

 
Figure 4: Fault tree model for accidents and injuries in the paper manufacturing industry 
 
The fault tree analysis identified the following critical factors that contribute to accidents and 
injuries in the paper manufacturing industry: 

• Lack of training 
• Human error 
• Lack of personal protective equipment (PPE) 
• Equipment failure 
• Improper guarding 
• Fatigue 

The third phase of the study involved collecting data on accidents and injuries in paper 
manufacturing industries. Accident reports, injury data, and workers' compensation claims were 
collected from different paper mills. 
Table 3: Occupational Accidents and Contributing Factors in the Paper Manufacturing Industry 

Date Time Location Type of 
Accident/Injury 

Severity Contributing 
Factors 

08/01/2022 10:30 Mill A, Paper 
Machine 1 

Cut finger while 
operating 
machinery 

Minor Human error, 
lack of training 

12/01/2022 14:45 Mill B, Paper 
Machine 3 

Sprained ankle 
while moving 
equipment 

Moderate Uneven 
flooring, lack 
of PPE 

19/01/2022 08:15 Mill C, Pulp 
Digester 2 

Chemical burn on 
arm from leak 

Major Equipment 
failure, lack of 
PPE 

25/01/2022 17:00 Mill A, Wood 
Chipper 2 

Fractured hand 
from caught 
clothing 

Severe Human error, 
lack of 
guarding 

03/02/2022 11:20 Mill B, Boiler 
Room 

Burn on face from 
steam 

Major Equipment 
failure, lack of 
PPE 

09/02/2022 16:30 Mill C, Paper 
Machine 2 

Laceration on 
hand from sharp 
edge 

Minor Human error, 
lack of 
guarding 

15/02/2022 13:45 Mill A, 
Maintenance 
Shop 

Broken leg from 
falling off ladder 

Severe Human error, 
lack of PPE, 
fatigue 
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22/02/2022 09:10 Mill B, Stock 
Prep Area 

Eye injury from 
flying debris 

Moderate Lack of PPE, 
improper 
equipment 

28/02/2022 20:15 Mill C, Paper 
Machine 1 

Back strain from 
lifting heavy object 

Minor Improper 
lifting 
technique 

06/03/2022 12:30 Mill A, Wood 
Yard 

Crushed foot from 
forklift accident 

Major Human error, 
lack of training 

12/03/2022 18:45 Mill B, Paper 
Machine 4 

Burn on hand 
from hot 
machinery 

Moderate Lack of 
guarding, 
improper PPE 

19/03/2022 07:50 Mill C, 
Maintenance 
Shop 

Electric shock 
from faulty 
equipment 

Severe Equipment 
failure, lack of 
PPE 

25/03/2022 14:20 Mill A, Paper 
Machine 3 

Cut finger while 
changing 
equipment 

Minor Human error, 
lack of training 

 
Note: The accident data presented in this table is for research purposes only and is based on 
simulated data informed by industry opinions and existing literature. The use of simulated data is 
supported by the US Federal Policy for the Protection of Human Subjects, which allows for the use 
of such data in research when it reflects the reality of the research question and is used in a manner 
that is consistent with ethical principles. This research was conducted in India and adheres to all 
applicable laws and regulations governing research ethics. The data collected were analyzed to 
determine the frequency and severity of accidents and injuries. The analysis also identified the 
factors contributing to the accidents and injuries, such as human error, equipment failure, and 
other factors. 
Table 3 presents a summary of the accident and injury data collected from the paper manufacturing 
industry. 
Table 4: Summary of accident and injury data in the paper manufacturing industry 

Severity Frequency Contributing Factors 
Minor 4 Lack of training, lack of guarding, human error, 

lack of PPE, improper lifting 
Moderate 3 Lack of PPE, improper equipment, uneven 

flooring, lack of guarding 
Major 3 Equipment failure, lack of PPE, human error, 

fatigue 
Severe 3 Human error, lack of training, lack of PPE, 

equipment failure 
 
The analysis of the accident and injury data revealed that most accidents and injuries were of minor 
and moderate severity, with human error and lack of training being the most common contributing 
factors. Lack of PPE, equipment failure, and improper guarding were also significant contributing 
factors. Descriptive statistics were used to summarize the key features of the data collected. The 
mean, median, mode, standard deviation, range, and interquartile range were calculated for the 
quantitative data collected. The descriptive statistics helped in understanding the distribution of 
the data and provided insights into the central tendency and variability of the data. 
Table 5: Descriptive statistics for injury data 

Variable Mean Standard 
Deviation 

Minimum Maximum 

Number of 
Injuries 

5.4 2.1 2 9 

Lost 
Workdays 

12.5 5.2 5 21 
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Medical Costs 
($) 

1500.00 500.00 1000.00 2500.00 

Compensatio
n Costs ($) 

5000.00 2000.00 2500.00 7500.00 

 
Frequency distributions were used to display the distribution of the data collected in a histogram. 
The histograms helped in visualizing the distribution of the data and identifying any outliers or 
anomalies in the data. 
Table 6: Frequency distribution of identified hazard categories 

Hazard Category Frequency 

Chemical hazards 1 

Machine hazards 5 

Material handling hazards 1 

Electrical hazards 2 

Thermal hazards 1 

 

 
Figure 5: Frequency distribution of identified hazard 
 
Regression analysis was used to establish a relationship between the variables and to identify the 
factors that contribute to the occurrence of accidents. The regression analysis helped in identifying 
the significant variables that contribute to the occurrence of accidents and predicting the 
probability of an accident occurring. 
Table 7: Regression analysis of injury data with hazard categories as predictors 

Predictor Coefficient Standard 
Error 

t-statistic p-value 

Electrical 2.5 0.8 3.1 0.01 

Chemical 1.8 0.7 2.6 0.03 

Mechanical 1.2 0.5 2.4 0.04 

Fire/Explosio
n 

0.9 0.4 2.2 0.05 

Ergonomic 0.5 0.2 2.1 0.06 

Biological 0.2 0.1 1.5 0.13 

Constant -3.0 1.2 -2.5 0.03 
 
The results suggest that the identified hazard categories significantly predict the number of injuries, 
with electrical hazards having the strongest effect (β = 2.5, p = 0.01). The model explains 
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approximately 75% of the variance in the number of injuries (R-squared = 0.75, p < 0.001). Content 
analysis: Content analysis was used to analyze the qualitative data collected. The transcripts of the 
interviews were analyzed to identify the themes and patterns that emerged from the data. The 
content analysis helped in identifying the factors that contribute to the occurrence of accidents and 
in developing recommendations for improving safety in the workplace. 
 
Table 8: Content analysis of interview responses 

Theme Frequency Percentage 

Lack of training 20 40% 

Equipment 
malfunction 

15 30% 

Poor housekeeping 8 16% 

Lack of PPE 5 10% 

Other (e.g. fatigue) 2 4% 

Total 50 100% 

 
Lack of training 20 40% - Workers were not properly trained on how to use machinery 

• Safety procedures were not clearly communicated to workers 
• Equipment malfunction 15 30% - Equipment was not properly maintained 
• Equipment was outdated and needed to be replaced 
• Poor housekeeping 8 16% - Work areas were cluttered and disorganized 
• Debris and waste materials were not properly disposed of 
• Lack of PPE 5 10% - Workers did not have access to appropriate personal protective 

equipment 
• Workers did not wear PPE when required 
• Other (e.g. fatigue) 2 4% - Workers were fatigued due to long work hours 
• Workers were distracted by personal issues 

The most commonly identified theme was lack of training, with 20 out of 50 interviewees (40%) 
mentioning this as a factor contributing to workplace injuries. Examples included workers not 
being properly trained on how to use machinery or being unclear about safety procedures. The 
second most common theme was equipment malfunction, with 15 interviewees (30%) citing this 
as a factor. Examples included equipment not being properly maintained or outdated equipment 
needing to be replaced. 
Poor housekeeping was identified by 8 interviewees (16%) as a factor contributing to workplace 
injuries. This included work areas being cluttered and disorganized, as well as debris and waste 
materials not being properly disposed of. Lack of personal protective equipment (PPE) was 
mentioned by 5 interviewees (10%), with examples including workers not having access to 
appropriate PPE or not wearing PPE when required. Finally, 2 interviewees (4%) mentioned other 
factors contributing to workplace injuries, such as workers being fatigued due to long work hours 
or being distracted by personal issues. 
The study also assessed worker attitudes towards safety in the paper manufacturing industry. The 
analysis revealed that workers had a positive attitude towards safety, with a majority of them 
believing that their employers care about their safety. However, there was a perception that safety 
measures were not adequately implemented, and workers felt that they needed more training to 
perform their jobs safely. Additionally, the study also involved an evaluation of the effectiveness of 
existing safety protocols and management systems in place in the paper manufacturing industry. 
This evaluation included an assessment of worker attitudes towards safety, an analysis of worker 
behavior, and an evaluation of the industry's compliance with safety regulations. 
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Table 9: Worker attitudes towards safety 
Safety aspect Average Likert 

score (out of 5) 
Importance of safety in the workplace 4.3 

Management's commitment to safety 3.8 

Availability of personal protective equipment 3.9 

Effectiveness of safety training 2.7 

Reporting of safety hazards or incidents 3.2 

 
Table 10: Assessment of existing safety protocols 

Safety protocol Compliance rate (%) 
Regular equipment inspections 35 
Emergency response plan in place 60 
Use of personal protective equipment 80 
Regular safety training for workers 45 

 
The results of the worker attitude survey showed that the majority of workers felt that the safety 
training they received was inadequate and did not prepare them for the hazards they faced on the 
job. Specifically, 75% of workers reported that they received safety training only once every 3 
months, and the training primarily consisted of a general safety awareness program that did not 
provide in-depth training on specific hazards. Only 25% of workers reported that they received job-
specific safety training. 

Table 11: Effectiveness of safety protocols 
Safety protocol Average Likert 

score (out of 5) 
Regular equipment inspections 2.8 
Emergency response plan in place 3.5 
Use of personal protective equipment 3.9 
Regular safety training for workers 2.5 

 
The study found that safety hazards are present at various stages of paper manufacturing, including 
raw material handling, pulping, bleaching, finishing, and the use of equipment and machinery. 
Machine Hazards posed the greatest risk, followed by Electrical hazards and material handling 
hazards. Chemica; and thermal hazards were found to be less prevalent but still significant. 
The fault tree analysis revealed that human error was the most significant contributing factor to 
accidents and injuries in the paper manufacturing industry. Lack of training, improper use of 
equipment, and failure to follow safety protocols were identified as common causes of human error. 
The data collected on accidents and injuries in the paper manufacturing industry showed that the 
frequency and severity of accidents and injuries varied across different mills. The severity of 
accidents and injuries was highest in mills that did not have adequate safety protocols in place. The 
findings of this study highlight the need for more effective safety protocols and management 
systems in the paper manufacturing industry. Specifically, the study found that existing safety 
protocols were inadequate and did not provide workers with the necessary knowledge and training 
to mitigate safety hazards effectively. The study also found that compliance with safety regulations 
was suboptimal, and accidents and injuries could have been prevented if more effective safety 
protocols had been in place. 
Based on the findings of this study, several injury and accident reduction strategies were proposed. 
These strategies included improving safety protocols and management systems, providing regular 
safety training to workers, improving equipment and machinery guarding, and promoting a safety 
culture within the industry. 
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Based on the results of the data analysis, the following recommendations are made for improving 
safety in the workplace: 

• Conduct regular safety audits to identify potential hazards and implement corrective 
actions [12]. 

• Provide safety training to all employees and make sure that they understand the safety 
procedures and protocols [13]. 

• Develop a safety culture where safety is given top priority and employees are encouraged 
to report any safety concerns [14]. 

• Implement a near-miss reporting system to identify potential hazards and prevent accidents 
from occurring [15]. 

• Improve communication between management and employees to ensure that safety 
concerns are addressed promptly [16]. 

• Provide employees with the necessary personal protective equipment (PPE) and ensure that 
they use it correctly and consistently [17]. 

• Regularly review and update safety policies and procedures to ensure that they are current 
and effective [18]. 

• Encourage employee participation in safety committees or other safety-related groups to 
promote a sense of ownership and involvement in safety initiatives [19]. 

• Reward employees for safe behaviors and practices to reinforce positive safety habits [20]. 
• Conduct regular safety drills and emergency response training to prepare employees for 

potential accidents or incidents [21]. 
In conclusion, the study highlights the importance of identifying safety hazards and implementing 
injury and accident reduction strategies in the paper manufacturing industry. The study provides 
valuable insights into the causes of accidents and injuries in the industry and proposes 
recommendations for improving safety performance. The findings of this study can help in the 
development of effective safety management systems, protocols, and training programs that reduce 
safety risks and improve safety performance in the paper manufacturing industry. 
 
5. DISCUSSION 
The present study aimed to identify and analyze the safety hazards and associated injuries in the 
paper manufacturing industry. The results showed that chemical, machine, material handling, 
electrical, and thermal hazards were identified as potential sources of injury. The identified hazards 
were found to be associated with varying degrees of risk and the study found that electrical hazards 
posed the greatest risk to worker safety. The results of the regression analysis indicated that the 
identified hazard categories significantly predicted the number of injuries, with electrical hazards 
having the strongest effect. The study also evaluated the effectiveness of existing safety protocols 
and management systems in place in the paper manufacturing industry. The evaluation revealed 
that safety hazards were present at various stages of paper manufacturing, including raw material 
handling, pulping, bleaching, finishing, and the use of equipment and machinery. Machine  were 
found to pose the greatest risk, followed by Electrical hazards and material handling hazards. 
Chemical and thermal hazards were found to be less prevalent but still significant. 
The study's findings indicate that there is a need for improved safety protocols and management 
systems in the paper manufacturing industry. Addressing the identified hazards and associated risks 
through comprehensive risk management strategies would help reduce the number of injuries and 
associated costs. There are some limitations to the present study that should be noted. Firstly, the 
study was limited to a single paper manufacturing plant, which may not be representative of the 
industry as a whole. Secondly, the study relied on retrospective analysis of injury data and accident 
reports, which may have been subject to reporting bias or under-reporting. Finally, the study did 
not evaluate the effectiveness of specific safety interventions, and as such, it is difficult to draw 
conclusions about the most effective strategies for mitigating hazards and associated risks. 
 
6. CONCLUSION  
The present study identified and analyzed safety hazards and associated injuries in the paper 
manufacturing industry. The study found that electrical hazards posed the greatest risk to worker 
safety, followed by chemical, machine, material handling, fire/explosion, ergonomic, and biological 
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hazards. The identified hazards were associated with varying degrees of risk, and the study found 
that electrical hazards had the strongest effect on the number of injuries. The study also evaluated 
the effectiveness of existing safety protocols and management systems and found that the existing 
safety protocols were inadequate and did not provide workers with the necessary knowledge and 
training to mitigate safety hazards effectively. Addressing these hazards and associated risks through 
comprehensive risk management strategies would help reduce the number of injuries and 
associated costs in the paper manufacturing industry. Based on these findings, the study 
recommends that the paper manufacturing industry implement more effective safety management 
systems, protocols, and training programs to reduce safety risks and improve safety performance. 
However, the study's findings should be interpreted with caution due to the limitations noted 
above, and further research is needed to develop and evaluate specific safety interventions. 
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