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Abstract-  Modern nations show great concern for safety 
management at workplace for obvious reasons. It’s critical to 
curb the appalling toll of occupational injuries that continues to 
plague humankind, and mitigate the occurrence of occupational 
injuries and work-related illnesses as they are daily facts in most 
industries particularly in manufacturing related enterprises. 
These impart a substantial life and causing economic losses in 
the most technologically advanced nations as well as in many 
emerging world. This study presents manufacturing accident 
investigation in a suitable way to plan and manage safety 
programme in a manufacturing settings. An accident 
investigation register was administered for a period of 12 months 
to capture the needed data and these were analysed employing 
accident investigation procedure. 328 injuries were investigated 
among the 293 workers for this study duration. The anatomical 
sites of injury were the hands and the wrists with 169 (52%) 
instances, while the feet and the ankles, legs and other sites 
accounted for 81 (25%), 62 (19%) and 16 (5%) of these injuries 
respectively. The most effective solution for eliminating complex 
multiple risks were carefully investigated and analyzed based on 
the existing program. The probable best solution to ultimately 
benefit both the worker and the employer was then established. 
It was found that the accidents investigated were predictable due 
to the synergistic effects associated with coupling repetitive 
production and hand intensive stress, age and work experience. 

Keywords- Manufacturing Accident Investigation; Risk 
Factors; Safety Programme; Manufacturing Settings; Repetitive 
Production 

I. INTRODUCTION 
Although there are enormous scientific  and technological 

advances in human factors engineering (ergonomics), 
preventive medicine and other measures to prevent accidents 
that have made workplace safer, yet an estimated 120 million 
occupational injuries occur annually at workplaces worldwide 
[1, 2, 3]. Apart from the cost due to downtime, overtime work,  
loss of mach ine hours, man hours, wages and equipment, and 
hospitalization, the tragedy associated with personal injury, 
disability and fatality is enormous [4, 5, 6]. In  respect of 
fatalit ies, industrial accidents take the third  place after 
vehicular accidents and homicide [6]. In lower income 
countries such as those in South Asia and Africa, in juries are 
one of the leading causes of adult mortality and a major 
contributor to disability [7, 8-11]. Death, illness and injury  on 
such a scale impoverish individuals and their families, and 
challenge attempts to improve working conditions. When any 
of these occurs, there is a growing concern for improved 
safety management and evaluation to enhance sustainable 
safety performance [12]. Being an unsafe event, most accident 
preventive activities are called safety programmes [12, 13]. 

Occupational injuries and work-related illnesses are work-
related musculoskeletal disorders (MSDs) as a result of bad 

match between the workers, the work they perform and the 
equipment they use [14]. The increase in concerns for work-
related injuries at workplace is well founded; as it is related to 
work/mach ine interaction, workstation design, working 
position; the suitability  of instruments to the physical and 
physiological characteristics of the workers, psychological 
factors and environmental condit ions (heat, cold, noise, air 
pollution) which may affect workplaces (workstations) and 
affect the health of the workers [15]. 

Literature is rep lete with studies that have depicted that 
the major risk factors contributing to the development of 
MSDs/injuries can be associated with a whole set of physical-
ergonomic (force, frequency, awkward postures, extreme 
temperatures, vibrat ions, etc), hazardous exposures, 
workp lace and process design, psychosocial, individual and 
work-organizational factors [16]. Thus, for an effective 
preventive measure in reducing work-related injury rates, 
several studies have been conducted to examine specific risk 
factors for work-related in juries [17, 18]. More so, several 
quantitative and qualitative evaluation techniques have been 
developed over the years from classical statistics, through risk 
assessment; system analysis, engineering economic factor, 
price deflation system analysis to system theory, data min ing 
and artificial intelligence [19]. 

Nearly every type of work or industrial occupation has its 
own potential for causing injury and to prevent these injuries. 
It is important to understand the factors that lead to them [20]. 
These injuries and work-related illnesses result from mult iple 
risks factors, affect different segments of working population, 
and occur in  a myriad of occupations and industrial 
workp laces. It has caused immeasurable human  suffering, 
contributing to a significant life and economic losses for 
enterprises and societies as a whole appearing pronounced in 
the industrialized nations as well as in the developing ones. 
Thus, the global burden of  occupational injuries and work-
related illnesses are colossal and are a major concern to 
industry, states, health services, insurance companies, labour, 
academia, workers’ compensation board, the public and of 
course, the injured individuals themselves[21]. 

However, efforts towards prevention of accident at 
workp laces must be driven by data that identify the pattern, 
frequency and severity of these injuries. Charles-Owaba and 
Adebiyi [22] identified critical manufacturing safety 
prevention activities as training, personal protective 
equipment, guarding, awareness and accident investigation. In 
their work, the aggregate effect of these activities was 
considered. The challenge is to find out the extent of the 
significance contribution of each of these activities to 
manufacturing safety programme. These challenges may also 
include coping with an increased distribution of activities and 
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the related need to deal with dynamic task interdependencies, 
as well as coping with uncertainty and complexity [23]. More 
so, the emergence and accelerat ing economical, technological, 
social and environmental changes challenge working 
conditions and environment, and attempt to design and 
manage complex systems, embodying multiple feedback 
effects, long time delays and nonlinear responses to decisions 
[24, 25] that characterize risk factors at workp laces. Thus, an 
accident investigation approach that provides a framework for 
understanding the dynamic interrelationships that drive 
complex real-world system behaviour rather than statistical 
snapshots of this [12] has been adopted. This is because the 
primary purpose of safety evaluation is to determine the cause 
of accident with the express purpose of taking remedial action 
to prevent a recurrence and consequently, remedy the 
weakness in one or more of safety programme act ivities [19, 
26]. 

This study examined manufacturing accident investigation 
as a suitable way for sustainable planning and managing 
safety program in manufacturing industries. 

II. MATERIAL AND METHODS 
This study was carried out in a manufacturing plant in  

Ilorin, Nigeria. For this research, the study population was 
293 permanent workers in the plant and their age range is 
between 21 to 55 years, of which the majority were with in the 
age bracket 25 to 45 years. The plant operates four shifts: 
three production shifts and one general shift and the workers 
put on long coats and anti-slip boots minimally. An accident 
investigation register was structured and employed to conduct 
a pilot study. Subject to the outcomes of a pilot study, 
appropriate amends were made in the register and the register 
was modified. The restructured accident investigation register 
was used to capture needed data on accidents/injuries over a 
12 months period. The restructured and pre-tested register was 
employed to capture needed data on the following: 

1. Department where the injury occurred, 

2. Description and reason for the occurrence, 

3. Type and site of injury, 

4. Shift and time of inju ry, 

5. Causes of injury, 

6. Period of continuous work prior to injury, 

7. Treatment for the in jury,  

8. Referral for the in jury if any and period of absence from 
work after the injury. 

This was established at the dispensary with the paramedic 
workers. The paramedics were educated for this purpose and 
the register’s entries were checked at least thrice in a week. 
Oral interviews were also conducted after the review of the 
register. A description of occurrence of the accidents and the 
causes as obtained from the injured worker and register 
review were recorded. These were analysed using the accident 
investigation procedure that utilizes the most effect ive 
systematic risk management solution for reducing complex 
multip le risk factors by carefully investigating and analysing 
what being done. Afterwards, the primary method of risk 
assessment in an observational checklist was completed 
during a walk-through review of job or task to identify 
obvious risks concerns and primarily characterize the job 
functions and constraints of the workers. The checklist, which 
facilitated the identificat ion of  mis matches between applied 
force, frequency, and assumed postures, provides a systematic 
risk screening method for job analysis and were g iven a 
number ranking or a yes/no or true/false response. 

III. RESULTS 

A. Incidence and Pattern of Injuries 
Incidence of Injuries: A total sum of 328 in juries were 

recorded for the study duration among the 293 workers with 
injury  incidence (rates) of 1119.5/1000 workers/year. These 
injuries, in reality happened to 192 (66%) workers and 128 
(67%) of those injured had more than one injury. 

Work shift and Injury: The p lant operates four shifts: the 
morn ing shift (Ms) 6am to 2pm; the afternoon shift (As) 2pm 
to 10pm; the night shift (Ns) 10pm to 6am and a general shift 
(Gs) 8am to 5pm. The observed data presented in Table I 
depicts that all shifts had a higher number of injuries in the 
second half of the shift except for the night shift. However, 
injury per worker is the highest during the morning shift and 
the lowest during the general shift. 

 

TABLE I DISTRIBUTION OF INJURY WITH WORK SHIFTS BETWEEN TWO PROPORTIONS (1ST HALF OF SHIFT AND 2ND HALF OF SHIFT) 

Shift No. of Workers 
per Shift 

1st Half of 
the Shift 

Injuries per 
Worker 

2nd Half of 
the Shift 

Injuries per 
Worker Total Injuries per 

Worker (Total) 

Ms 60 57(17.4%) 1.0 74(22.6%) 1.2 131 2.2 

As 60 48(14.6%) 0.8 60(18.3%) 1.0 108 1.8 

Ns 50 39(11.9%) 0.8 30(9.1%) 0.6 69 1.4 

Gs 123 07(2.1%) 0.1 13(4%) 0.1 20 0.2 

Total 293 151(46%)  177(54%)  328  
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Figure 1 Variation of number of injuries with days of the week 

 
Figure 2 Variation of number of injuries with months of the year 

Relationship of injuries with Days and Months: Time 
series analyses of injuries hit the climax of injuries in the 
latter half of the week; Thursday to Saturday as depicted in 
Fig. 1 and, during the first and the last quarters of the year; 
January and April and September and December as depicted 
in Figure 2. 

Anatomical Site of Injury: The commonest anatomical 
sites of injury were the hands and the wrists with 169 (52%) 
instances, while the feet and the ankles, legs and other sites 
accounted for 81 (25%), 62 (19%) and 16 (5%) of these 
injuries respectively. 

Types of Injury: The commonest types of injury were 
cuts and lacerations 194 (59%), sprains and strains 64 (20%) 
and others 70 (21%). 

B. Magnitude and Risk Factors of Injuries 

Causes of Injury: Injuries were caused as a result of 
object/substance such as bottle, metal chips, etc; technical and 
human factors both included. The objects/substances that 
caused the injury were bottle 161 (49%), machine 85 (26%), 
bottle tops (or metal chips) 53 (16%) and others such as 
ergonomics, process design, etc accounted for 29 (9%) o f the 
injuries. 

The commonest technical factor accountable for the 
incidence of inju ry was the environment 183 (54%) of the 
injuries; and while g loves, anti-slip  boots and overalls are 
provided to the workers in certain departments for certain job 
tasks, injuries were noted in 105 (32%) occurrences despite 
using the protective wear(s). Machinery was accountable for 
45 (14%) of injuries as pieces of bottles and metal chips were 
sometimes projectile from machines bottle burst and various 
other processes. 
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TABLE II RISK FACTORS ANALYSES OF INJURED WORKERS (n1=192, n2=136) 

 Risk Factor Workers’ Actually No. of Injuries >> One Injury 

Age 
 

Below 30 130(67.7%) 102(75.0%) 

30 and Above 62(32.3%) 34(25.0%) 

Departmental 
Experience 

Below 3 Years 133(69.2%) 93(68.3%) 

3 Years and Above 59(30.8%) 43(31.7%) 

n1- Workers’ actual number of injuries, n2- Workers’ who suffered more than one injury 

Among human factors, not using protective wear(s) seems 
to be the commonest cause of injury as observed in 124 (38%) 
occurrences; over indulgence or self-confidence on the job 
due to carelessness with the mechanical process resulted in 55 
(17%) of the in juries and others such as inexperience resulted 
in 39 (12%) of the injuries. 

Risk Factors: The observed data from the accident 
investigation procedure for risk factor analysis (Table Ⅱ) by 
statistic percentage analysis, depicted that age less than 30 
years, work experience less than three years and intensive 
hand dominance are significantly associated with high risk of 
injury. A whole set of factors such as educational status, work 
shift, total p lant experience, use of protective wears, health 
status vis-à-vis musculoskeletal h istory in the area of the 
shoulders, the elbows, and more particu larly of the neck and 
the wrists/hands and personal habits and extra professional 
activities (smoking, sport, etc) were also studied as risk 
factors, but were found to be stochastically neglig ible. 

IV.  DISCUSSION 
The plant studied had a high incidence of in jury of 

1119.5/1000 workers/year and the risk of workers’ being 
injured is high considering that 66% of the workers had an 
injury  and 67% of those injured  had more than one injury. All 
shifts had a higher number o f injuries in  the second half of the 
shift except for the n ight shift (Table I). However, in jury per 
worker is the highest during the morn ing shift (40%) and the 
lowest during the general shift (6%) which compares 
favorably with other research work reported by Bazroy, et al. 
[27] and Bigos, et al. [28]. The time series analyses of injuries 
hit the climax of in juries in the latter half of the week;  
Thursday to Saturday (Fig. 1) and, during the first and the last 
quarters of the year; January and April and September and 
December (Fig. 2). Enquiries from the management revealed 
that there was a higher schedule pressure and workload during 
the period under review. 

The observed data depicts that injuries were caused as a 
result of contact with bottles (49%), machines (26%), bottle 
tops (or metal ch ips) (16%) and others such as ergonomics, 
process design, etc (9%); and 52% of these injuries are in   
hand and wrist. 

The stochastic percentage analysis of accident 
investigation observed data led to the emergence of the 
following significant risk factors: 

 Age below 30-year. Bazroy, et  al. [27], Bigos, et al. [28] 
and Agarwal [29] reported similar findings of higher rates 
of in juries for workers’ o f this age group. 

 Departmental experience less than three years. The 
incidence of in juries is higher and/or exacerbated when a 
worker is new on a task/job and pick up as experience 
accumulates, as also reported by Bazroy, et  al. [27], Chew 

[30] and Xiang, et al. [31]. Thus, management should pay 
attention to properly trained and supervised new workers. 

 Intensive hand dominance. In this study, the manual work 
had more in juries as a result of the workload, schedule 
pressure and the type of work deployment. 

V. CONCLUSIONS 
For industries to create an injury-free workplace, it is 

necessary to investigate hazards and identify risk factors for 
the occurrence of injury which must translate into prevention 
programmes that are well designed and assessed in the p lant 
as a whole. An accident investigation approach, the most 
effective solution for eliminating workstation accidents was 
carried out with the aim to capture a transition to world-class 
safety program in manufacturing settings. Manufacturing 
systems and accidents were investigated, injured workers 
were interviewed; and risk factors were identified. Methods 
employed support developing a suitable way to study, design 
and optimize p lan for investigating accidents and identifying 
risk factors; and selecting and implementing sustainable 
manufacturing safety program to ultimately benefit both 
workers and employers. Though reactive steps are the typical 
beginning point, proactive approaches should be instituted to 
prevent these kinds of problems from developing. This 
ongoing process emphasized on institution’s efforts to review 
hazards before an injury or illness occurs in order to improve 
health and safety of workers, thus ultimately reducing the 
likelihood of exposure to risk factors of in juries and removing 
barriers to high performance. 

REFERENCES 
[1] K. G. Apurna, B. Ashis, and C. Nearkasen, “Relationships of Working 

Conditions and Individual Characteristics to Occupational Injuries: A 
Case-Control Study in Coal Miners”, Journal of Occupational Health, 
vol. 46, pp. 470-478, 2004. 

[2] International Labour Organisation (ILO), “Recording and Notification 
of Occupational Accidents and Diseases and ILO List of Occupational 
Diseases” in Proceeding of the 90th Session of the International Labour 
Conference, 2002, Report V (1), International Labour Office, CH-1211 
Geneva 22, Switzerland. 

[3] J. Saari, Accidents Prevention, in International Labour Office, Ed. 
Encyclopaedia of Occupational health and Safety, 4th Edition, Geneva, 
Switzerland: International Labour Organisation, 1998. 

[4] T. Duignan, “Good Health and Safety is Good Business”, Engineering 
Technology, pp. 12-13, 2002. 

[5] I. K. Adegun, H. A. Ajimotokan and G. O. Oyelohunnu, “The 
Development of Interactive Software for Assessing Risks and 
Estimating Industrial Man-Hour Loss”, International Journal of 
Research and Reviews in Applied Sciences, vol. 7 no.1, pp. 48- 53, 
2011. 

[6] K. A. Adebiyi and O. E. Charles-Owaba, “Towards Setting a 
Sustainable Manufacturing Safety Programme in Nigeria”, Disaster 
Prevention and Management, vol. 18 no. 4, pp. 388-396, 2009. 

[7] K. P. Brahmapurkar, A. G. Lanjewar, J. R. Biranjan and S. P. Zodpey, 
“Injuries in the Glass Factory Workers, Nagpur”, Indian Journal of 
Community Medicine, vol. 31, no. 3, pp. 206-207, 2006. 



Global Perspective on Engineering Management                                                                                                                        GPEM                

GPEM Volume 1, Issue 1, May 2012 PP. 26-30 www.gp-em.org © World Academic Publishing 
- 30 - 

[8] C. J. Murray and A. Lopez, “The Global Burden of Disease: A 
Comprehensive Assessment of Mortality and Disability from Disease, 
Injuries and Risk Factors in 1990 and Projected to 2020”, M. A. Thesis, 
University of Cambridge, UK, 1996. 

[9] A. Zwi, “The Public Burden of Injury in Developing Countries”, 
Tropical Disease Bulletin, vol. 90, pp. 5-45, 1993. 

[10] R. G. Feachem, J. Kjellstrom, C. J. Murray, M. Over, M. A. Phillips, 
The Health of Adults in Developing World, New York, USA: Oxford 
University Press, 1992. 

[11] G. S. Smith and P. Barss, “Unintentional Injuries in Developing 
Countries: The Epidemiology of a Neglected Problem”, Epidemiology 
Revelation, vol. 13, pp. 228-266, 1991. 

[12] H. A. Ajimotokan, “Towards a Rigorous Equation-Oriented Technique 
for Sustainable Sanufacturing Safety Programme”, Journal of 
Manufacturing Technology Management, vol. 23 no. 1, pp. 76-86, 2012. 

[13] O. E. Charles-Owaba, 2002, “Environmental Safety Evaluation Model: 
a Mathematical Approach”, Nigerian Journal of Engineering 
Management, vol. 3 no. 1, pp. 39-49, 2002. 

[14] (2008) State Compensation Insurance Fund website. [Online]. Available: 
www.scif.com/safety/safetymeeting/Article.asp?ArticleID=41. 

[15] World Health Organization (WHO), Technical Report Series, vol. 765, 
pp. 29, 1998. 

[16] NIOSH, “Traumatic Injury Research Needs and Priorities”, Report of 
the National Occupation Research Agenda (NORA) by Traumatic 
Injury Team, DHHS (NIOSH) Publication No. 98-134, pp. 1-20, 1998. 

[17] C. Y. Li, C. L. Du, C. J. Chen and F. C. Sung, “A Registry-Based Case-
Control Study of Risk Factors for the Development of Multiple Non-
Fatal Injuries on the Job”, Journal of Occupational Medicine, vol. 49 no. 
5, pp. 331-334, 1999. 

[18] C. Zwerling, N. L. Sprince, R. B. Wallace, C. S. Davis, P. S. Whitten 
and S. G. Heeringa, “Risk Factors for Occupational Injuries among 
Older Workers: An Analysis of the Health and Retirement Study”, 
American Journal of Public Health, vol. 86, pp. 1306-1309, 1996. 

[19] K. A. Adebiyi, O. E Charles-Owaba, M. A. Waheed, “Safety 
Performance Evaluation Models: a Review”, Disaster Prevention and 
Management, vol. 16 no. 2, pp. 178 – 187, 2007. 

[20] K. A. Adebiyi and H. A. Ajimotokan, “Accident Risk Factors: Case of a 
Manufacturing Plant”, Oluleye, A. E. and Akinbinu, A.F. (Eds), in 
Proceedings of Nigerian Institute of Industrial Engineer (NIIE ) 2010 
Conference on Industrialization and National Development, Ibadan, 
Nigeria, pp. 53, 2010. 

[21] H. A. Ajimotokan, “System Dynamics Approach for Managing 
Magnitude and Risk Factors of Injuries in a Manufacturing Industry”. 
M.Tech Thesis, Department of Mechanical Engineering, Ladoke 
Akintola University of Technology, Ogbomoso, Nigeria, 2009. 

[22] O. E. Charles-Owaba and K. A. Adebiyi, “The Development of Safety 
Programmed Simulator”, Journal of Modelling in Management, vol. 1 
no. 3, pp. 270-290, 2006. 

[23] J. O. Riis, J. Johansen, B. V. Waehrens, and L. Englyst, “Strategic Roles 
of Manufacturing”, Journal of Manufacturing Technology Management, 
vol. 18 no. 8, pp. 933-948, 2007. 

[24] F. H. Kelvin, Enhancing Vehicle Safety Management in Training 
Deployments: An Application of System Dynamics. M.Sc. Thesis, 
Massachusetts Institute of Technology, USA, 2008. 

[25] B. J. Morrison, ESD.74: System Dynamics for Engineers. Class 
Syllabus, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, USA, 2007. 

[26] J. Aggrawal, Production Planning Control and Industrial Management, 
Delhi, Indian: Cassels Publishers, 1990. 

[27] J. Bazroy, G. Roy, A. Sahai, M. B. Soudarssanane, “Magnitude and 
Risk Factors of Injuries in a Glass bottle Manufacturing Plant”, Journal 
of Occupational Health, vol. 45, pp. 53-59, 2003. 

[28] S. J. Bigos, D. M. Spengler, N. A. Martins, J. Zeh, L. Fisher, L. 
Nachemson and M. H. Wang, “Injuries in Industries: a Retrospective 
Study-II”, Injury Factors, spine 11, pp. 246-251, 1986. 

[29] O. P. Agarwal, “Profile of Burn Injuries in Steel Industries”, Journal of 
Indian Medical Association, Vol. 86, pp. 4-6, 1990. 

[30] C. K. Chew, “Industrial Injuries in a Plant”, New Zealand Medical 
Journal, vol. 98, pp. 902-904, 1985. 

[31] H. Xiang, Z. Wang, L. Stallones, T. J. Keefe, X. Huang and X. Fu, 
“Agricultural Work-related Injuries among Farmers in Hubei, People’s 
Republic of China”, America Journal of Public Health, vol. 90, pp. 
1267-1276, 2000. 

Kazeem A. Adebiyi (Ph.D.) is currently a Reader in the department of 
Mechanical Engineering, Ladoke Akintola University of Technology, Nigeria. 
He obtained his Ph.D. in Industrial Engineering with research interests in 
Occupational Safety, Ergonomics, Human Factor Engineering, System 
Dynamics, and Systems Modeling. 
Habeeb A. Ajimotokan  is a Lecturer in the department of Mechanical 
Engineering, University of Ilorin, Nigeria and currently a Doctoral research 
student in the department of Offshore, Process and Energy Engineering, 
Cranfield University, United Kingdom. His areas of specific scientific interest 
focus on Energy Systems Design and Operation, Sustainable Manufacturing, 
and Development and Manufacturing; and he has authored/co-authored 
several publications in reputable home-based, national and international 
outlets. 
Isaac K. Adegun (Ph.D.) is a Senior Lecturer in the department of 
Mechanical Engineering, University of Ilorin, Nigeria. His research interest 
focuses on Energy Systems Engineering, Numerical Analysis of Fluid Flow, 
Heat Transfer, and Development and Manufacturing; and he has authored/co-
authored several publications in reputable local, national and international 
outlets. 
Lateefah A. Oloyede (MD) is a medical officer II at the Pain and Palliative 
Unit, University of Ilorin Teaching Hospital, Nigeria. Her areas of core 
interest are in Pain Management and Palliative Care; and she has authored/ 
co-authored publications in reputable international and local journal. 

 

http://www.scif.com/safety/safetymeeting/Article.asp?ArticleID=41

