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ABSTRACT: Analyzing and modeling causal factors of occupational accidents play an important 

role in planning prevention programs. The study aimed to explore the causal factors of occupational 

accidents in chemical industries in Iran. The reports of 1322 accidents from 2007 to 2016  

were gathered from 22 chemical industries. First, the Accident Frequency Rate (AFR) was calculated and 

all the effective factors were reviewed and labeled as “dependent” and “independent” factors. 

Second, feature selection was conducted to find the important causal factors. Then, multiple linear 

regression analysis was employed to model the most frequent causal factors in accident occurrence.  

The average accident frequency rate (AFR) was 87.75±74.82. A total of 30 independent casual factors 

were identified to be eligible for further analysis. Results of multiple linear regression analysis 

showed that 21 out of 30 important casual factors had the most important role in occupational 

accidents which are categorized into personal factors, organizational factors, HSE training, risk 

management, unsafe acts, and conditions as well as the type of accident occurrence. This study 

revealed that any preventive program should consider the importance of each casual factor  

in occurring occupational accidents. The higher level of importance needs the higher level of attention. 
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INTRODUCTION 

Because of working with a high inventory of 

chemicals, high process pressure, high temperature,  

a high flow of fluids, the toxicity of hazardous chemicals,  

the complexity of the process, and so forth, chemical 

processing industries are always facing catastrophic 

disasters [1-3]. The occurrence of catastrophic accidents 

such as Bhopal and others had proven this. The most 

detrimental accidents in these industries are fire, 

explosion, and chemical toxic dispersion [4]. According to 

the statistics reported by MARSH, industrial accidents in 

hydrocarbon process industries led to $ 36 billion from 

1974 to 2014 [5]. 

The high frequency of occupational accidents also 

remains a great challenge in these industries. To prevent 

detrimental outcomes, accident prevention should be 

considered by providing better safety and health management 

systems. Once an accident happened, lessons learned from 

it can also be regarded as the elimination of causes of such 

accidents. Hence, identifying the causal factors associated 

with occupational accidents is the essential step to develop 

an accident prevention program. Therefore, it is necessary 

for us to be aware of the factors which have great 

influences on the accident occurrence [6, 7]. 

To do so, choosing valid and reliable tools or 

methodologies must be taken into account in the early 

developing stage of any plan. One of the popular tools  

for analyzing and modeling accidents is multiple linear 

regression analysis which can help decision-makers  

to identify the magnitude portion of each causal factor.  

To achieve better results, we need to employ supplementary 

methods to select the best input for data analysis. Several 

studies reported that bias in selecting the input data  

can lead to deviating all the acquired results. Hence, 

through a combination of multiple linear regression and feature 

selection tools, it can be expected to obtain a better 

estimation on the contributory level of each factor [8, 9].  

Tauseef et al. indicated that past accident analysis  

in the chemical process industry through a comprehensive 

database can help prevent and mitigate occupational 

accidents [10, 11]. Also, Abdolhamidzadeh et al., showed 

that applying the domino effects methodology can better 

reveal accident-related factors in chemical industries [11, 12]. 

Chemical industries had a great influence on the 

economy of Iran, although occupational accidents always 

overwhelmed this target. The history of occupational 

accidents in these industries alerts the stakeholders to have 

vigorous preventive plans, although lessons learned  

from these accidents are mostly forgotten after a while. 

There are a few databases for occupational accidents in chemical 

industries in Iran; also, in most cases available data  

are very incomplete. In such a condition, a combination of 

analysis tools is required to make better accident analysis. 

Hence, the aim of the present study was to model causal 

factors of occupational accidents in chemical industries  

in Iran through combining multiple regression analysis 

with feature selection.  

 

THEORETICAL SECTION 

This survey was a descriptive-analytical and retrospective 

study that was designed and done with the aim of modeling 

causal factors of accident rate in chemical industries in Iran. 

 

Studied Samples 

The statistical sample size included all the occupational 

accidents which had happened during the last 10 years (2007-

2016) in 22 selected chemical industries. The studied samples 

included disabling occupational accidents. During the initial 

survey, 1322 accidents were identified but only accidents in 

which all the considered factors and variables were reported 

or accidents in which the research team could collect data by 

doing the collecting steps remained in the study. For example, 

the accidents without the report form were excluded from the 

study. Finally, 1142 accidents were considered eligible for the 

study as final samples. 

 

Data Collection  

In this study, the main tool for data collection was  

the accident report form. Also, data collection was done  

by tools such as checklists, direct review of the history,  

and interview. It should be noted that the accident report 

forms were identical for these industries and were standardized 

by reference organizations. 

It should be noted, information related to personal factors, 

Unsafe conditions and Unsafe acts factors, and type of 

accident were collected from accident report forms. HSE 

training and HSE risk management factors were collected 

from a direct review of the history and documents and records 

of HSE management system. Organizational factors  

were collected by interview. Additionally, accident frequency 

rate (AFR) was calculated from data related to organizational 

factors and type of accident. 
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Studied Factors 

According to the algorithm and aims of this study,  

the studied causal factors included independent and dependent 

factors which were classified into 7 independent groups  

of factors based on the criteria such as studying different 

texts, past accident analysis, and logical relations between 

factors. these groups were: personal factors, organizational 

factors, Health, Safety, Environment (HSE) training, risk 

management, unsafe conditions, unsafe acts and the type 

of accident, and one group of dependent factors including 

Accident Frequency Rate (AFR). 

In this study, personal factors included the mean age and 

work experience, marital status, and level of education.  

The type of jobs and actions which caused the accident, 

pressure and time limitation for doing the job, shift work, 

type of employment of the injured persons, and  

the accident time were determined as the organizational factors.  

The HSE training factors included parameters such as 

training at the time of recruitment, periodic training, and 

training after the accident occurrence, training in terms of 

familiarity and usage of Personal Protective Equipment 

(PPE), informing the workers regarding the environment 

and work discipline, and its role in reducing the accident 

rate (industrial housekeeping), quantity and duration of the 

provided safety training and content or quality of these 

training.  

Factors related to HSE risk management were determined 

with items including hazard identification (HAZID), general 

risk assessment, special risk assessment of each process, 

accident investigation and analysis, safety audit, incident 

reporting systems (including unsafe conditions and acts), 

implementing engineering control measures, management 

activities like Tool Box Meeting (TBM) and using PPE.  

Unsafe condition factors were introduced by improper 

and dangerous work methods, insufficient protection systems, 

and improper safety, structural defects, and problems in using 

the equipment and hand tools, working with electrical 

devices, plus chemical materials and compounds.  

Unsafe acts factors included variables such as not 

using or improper use of PPE, lack of knowledge and 

awareness about the dangers of the workplace, horseplay, 

being in unsafe positions and conditions, working without 

license, and supervisor’s permission.  

The type of accident includes chemical spillage, 

contact with objects or power circuits, accidents caused  

by carrying loads and materials and fires. 

Accident frequency rate was analyzed as the dependent 

factor in this study. This index was calculated based  

on the formula presented by Occupational Safety and Health 

Administration (OSHA) [13]: 

rre co rd ab le acc id en ts
A F R

to ta l h o u rs w o rk ed



200000

 

 

Data Analysis   

Today’s world issues include many entries and one  

or some exits. Exact analysis of data in this condition needs 

a lot of time and effort and may cause problems like  

the “Curse of Dimensionality” [14]. Therefore, to overcome 

such issues, “feature selection” algorithms are used. Feature 

selection was done using IBM SPSS Modeler v14.2. Since 

the entries of this study included a wide range of different data 

such as a lot of quantitative and qualitative, continuous  

and discrete, ordinal and nominal data, Pearson χ2 coefficient 

was used and the significance point for feature, the selection 

was considered as 0.95 [15]. 

Linear regression is a statistical technique for 

classifying the history according to the value of nominal 

entry data. Linear regression minimizes the difference 

between the real and predictable exited amounts  

by drawing a straight line according to the results.  

For modeling the causal factors on the studied accident 

frequency rate, multiple linear regression analysis  

was done using IBM SPSS v23.0 [16]. It must be noted that 

the statistical tests used in this study were two-way and  

the significance level was considered less than 0.05.  

In addition, for showing significance, P-value and regression 

coefficient (B) were used.  

 

RESULTS AND DISCUSSION 

Descriptive Results 

The mean and standard deviation of AFR was 

88.75±74.82. The descriptive findings of 41 independent 

causal factors are shown in Tables 1-4. The mean and 

standard deviation of age and work experience were 

38.05±5.85 and 9.34±6.32 years, respectively. 50.1% of 

the study participants were married and the level of 

education of 32.1% was diploma. Also, 25.4% of the 

injured people were site man and time pressure and 

limitation were involved in 29.5% of the occupational 

accidents. In addition, 64.4% of the accidents were occurred 

between 15-23 pm (Table 1). 
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Table 1: personal and organizational factors (n=1142). 

Studied factors Frequency (%) 

Personal factors 

Age(year) 38.05±5.85 

Work experience (year) 9.34±6.32 

Marital status 
Single 571 (49.9%) 

Married 573 (50.1%) 

Education 

Diploma 367 (32.1%) 

Bachelor 685 (59.9%) 

Masters 92 (8.0%) 

Organizational factors 

Job 

Technician 815 (71.2%) 

Site man 291 (25.4%) 

Process engineer 38 (3.3%) 

Employment 
status 

Official 312 (27.3%) 

Contracting 832 (72.7%) 

Time pressure and limitation 338 (29.5%) 

Shift Work 683 (59.7%) 

Time (hr) 

One (07-15) 110 (9.6%) 

Two (15-23) 737 (64.4%) 

Three (23-07) 207 (18.1%) 

 

Table 2: HSE training and risk management factors (n=1142). 

 

The lowest and highest favorability of HSE training 

belonged to after accident training (14.8%) and periodic 

training (40.6%), respectively. The lowest and highest 

favorability of risk management factors was dedicated  

to engineering control measures (6.3%) and general risk 

assessment (46.9%), respectively (Table 2).  

The highest and lowest portion of unsafe conditions 

belonged to chemical materials and compounds (42.5%) and 

defects in hand tools (9.3%). Being in unsafe positions 

(54.3%) and lack of knowledge and awareness about the 

potential dangers in the workplace (45.7%) had the highest 

portion of unsafe acts. The lowest portion of unsafe positions 

belonged to working without permission (22.1%) (Table 3).  

The findings of the type of the chemical accidents showed 

that most accidents in these industries were because of 

chemical spillage (38.3%) and fire (32.4%) (Table 4). 

 

Results of “Feature Selection”  

The findings of measuring the amount and importance  
 

of causal factors on AFR in the studied chemical industries 

using Pearson χ2 analysis is presented in Fig. 1. As shown, 

30 factors out of seven studied groups were selected  

as the most important causal factors on AFR and were considered 

eligible for entering the modeling of effectiveness of these 

factors in accident frequency. It must be noted that  

the most important factors were level of education, shift work 

and time, periodic training and training after the accident, 

general risk assessment and accidents analysis, chemical 

materials and compounds, not using or inappropriate use 

of PPE and being in unsafe positions, chemical spillage, 

and fire with the importance rate of 1.0. 

 

Results of “Multiple Linear Regression” modeling 

The results of AFR modeling showed that 21 factors 

including age and level of education (personal), shift work, 

time and the type of employment (organizational), periodic 

and after accident training, PPE training, training content 

(HSE training), HAZID, periodic risk assessment, 

Studied factors Frequency (%) 

Training factors 

Training at the time of employment 292 (25.6%) 

Periodic training 464 (40.6%) 

Training after accident 169 (14.6%) 

PPE training 305 (26.7%) 

industrial housekeeping training 182 (16.0%) 

Training quantity 313 (27.4%) 

Training quality 294 (25.7%) 

Risk management factors 

HAZID 233 (20.5%) 

Periodic Risk Assessment 536 (46.9%) 

Special risk assessment 142 (12.4%) 

Accidents analysis 204 (17.8%) 

Safety survey 242 (21.2%) 

Incident reporting system 160 (14.0%) 

Engineering control measures 72 (6.3%) 

Management control measures 235 (20.6%) 

PPE 339 (29.7%) 
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Table 3: Unsafe condition and acts factors (n=1142). 

 

Table 4: Accident type factors (n=1142). 

Accident type factors Frequency (%) 

Chemical spillage 437 (38.3%) 

Contact with objects or power circuits 209 (18.3%) 

Accidents caused by moving loads & 

materials 
126 (11.0%) 

Fire 370 (32.4%) 

 

 

accidents investigation, engineering control measures and 

PPE (risk management), insufficient protection systems, 

improper safety protections, working with electrical 

devices and chemical compounds (unsafe condition),  

not using or inappropriate use of PPE, lack of knowledge 

about the hazards of the workplace, being in unsafe 

positions and working without permission (unsafe acts) 

and chemical spillage and fire (accident type) had  

a significant relation with AFR (P<0.005).  

Generally, the regression equation is: 

AFR= (-1.80 Age) + (-4.70 Education) + (2.54 Shift 

work) + (1.0 time-one) + (16.52 time-two) + (4.75 time-

three) + (1.0 Official Employment) + (7.77 Contracting 

Employment) + (-29.91 Periodic Training) + (-14.42 Past-

Accident Training) + (-15.53 PPE Training) + (-20.07 

Training Content) + ((-27.04 HAZID) + (-17.34 Periodic 

Risk Assessment) + (-21.21 Accident Analysis) + (-16.77 

Engineering Controls) + (-22.27 PPE) + (7.77 Insufficient 

Safety Systems) + (2.54 Defect in equipment) + (8.95 

chemical compounds) + (14.64 Not using PPE) + (6.44 

Lack of knowledge) + (11.33 being in dangerous 

situations) + (14.74 activity without permission) + (16.52 

Spillage of chemicals) + (17.92 Fire)  

It must be noted that the calculation of R2 coefficient 

indicated that among the analyzed factors, organizational 

factors (R2=0.879), unsafe conditions (R2=0.829), and 

unsafe acts (R2=0.805) had the highest correlation with the 

AFR (Table 5). 

The regression results showed that implementing 

HAZID (hazard identification), using PPE (personal 

protective equipment), accident analysis, and content of 

provided training respectively were the most influential 

factors on accident frequency rate (with coefficient value 

(B)= -27.04, -22.27, -21.21, and -20.07). 

 
Discussion 

Chemical industries as the upstream production,  

are considered as the most sensitive part of the production. 

Dynamic of chemical processes and hazardous nature of 

materials and compounds with the role of management  

and human factors increase the risk of activities in these 

industries and make them prone to accidents [12, 17, 18]. 

The causal analysis in this study indicates this 

important and practical finding that accidents in chemical 

process industries follow the multifactor and systematic 

approach and their occurrence can be affected by defects 

in different structures and levels [10]. Moreover, because 

of the different functions of different factors, the role and 

portion of each causal factor are different. The results  

of using feature selection algorithm showed that the accident 

frequency in this industry as a complicated phenomenon 

and outcome could be affected by different factors with 

different percentages. Also, the regression analysis results 

confirmed this finding and revealed that the estimated and 

extracted factors in this algorithm had great importance in 

analyzing these accidents [19]. 

However, the mean age and work experience of  

the participants were less than 40 and 10 years, respectively. 

The regression findings indicated that it can be recognized  

as an important factor affecting the accident frequency rate. 

Accordingly, some studies revealed that personal factors 

are considered as one of the important reasons 
 

Studied factor Frequency (%) 

Unsafe condition factors 

Improper and dangerous method 315 (27.6%) 

Insufficient protection system 420 (36.8%) 

Improper safety protection 293 (25.7%) 

Structural and management defects 403 (35.3%) 

Defect in hand tools 106 (9.3%) 

Working with electric devices 233 (20.5%) 

Chemical materials and compounds 485 (42.5%) 

Unsafe acts factors 

Not using or improper using PPE 407 (35.6%) 

Lack of knowledge 522 (45.7%) 

Horseplay 364 (31.9%) 

Being in dangerous positions 620 (54.3%) 

Working without permission 252 (22.1%) 
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Fig. 1: The most important effective factors on the AFR. 

 

in occupational accidents [20, 21]. Also, this study showed 

that the workers’ mean age, work experience, and education 

were effective in the accidents. Results of some studies 

indicated that the accident rate had an inverse relationship 

with the victims’ age [22]. Organizational factors and factors 

related to occupational environment and management 

structure are considered as basic factors in accident analysis 

and causes which can have different roles in the accident. 

These factors can cause different problems in implementing 

the work and its safe process, or under the effect of and 

interaction with other background factors indirectly influence 

occupational accidents [23].  

Two-third of the occupational accidents occurred  

at time-two (15-23)., Our results revealed that this duration 

can be very important for the occurrence of occupational 

accidents. Therefore, the factor of time which was analyzed 

in this study with three-factors (time of accident, pressure 

and time limitation for activities as well as the shift work) 

must be considered as an undeniable reason for accidents 

especially in chemical industries, because it was proved 

that these factors could cause accidents and sometimes 

disastrous accidents [24]. 

The findings indicated that the favorability of training 

after the accident was very low (14.6%). The favorability 

of most of these factors was about a quarter (25.0%).  

The findings of models in this study showed that the favorability  

of training, factors had a significant relationship with  

the accidents rate. Different studies showed that insufficient 

and improper training could cause carelessness, dangerous 

behaviors, and different human errors and as a result cause 

an accident. Therefore, considering HSE training  

and improving training indexes improve the understanding 

and recognition of hazard sources, safety improvement  

and decrease of accidents [21].  

The favorability of most risk management factors was 

less than 25%. Only the favorability of the periodic risk 

assessment and the use of PPE was higher than 25%. 

Furthermore, the results of regression modeling showed 

that these factors had the highest impact on the frequency 

of occupational accidents. Implementing risk management 

system in industries which are naturally threatened  

by different risks is very important and significantly reduces 

the accidents. According to the causal analysis findings, 

risk management factors including HAZID, periodic risk 

assessment, accident analysis, engineering controls, and 

PEE were identified as final factors in the frequency rate 

regression model. This indicated that in spite of the 

importance of these industries, the structure and processes 

of providing safety are weak and the function of the risk 

management system is not proper; therefore, an integrated 
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Table 5: AFR regression model results. 

Remaining variables B SE p-value† CI95% R2 

Age -1.80 0.67 0.012 (-3.11)-(-0.48) 
0.677 

Education -4.70 0.63 0.001 (-5.94)-(-3.46) 

Shift work 2.54 0.55 0.001 (1.46-3.61) 

0.879 
Time 

One (07-15) 1.0    

Two (15-23) 16.52 0.6 0.006 (15.34-17.62) 

Three (23-07) 4.75 0.51 0.002 (3.75-5.75) 

Employment 
Official 1.0    

Contracting 7.77 0.76 0.001 (6.28-9.25) 

Periodic Training -9.91 0.46 0.039 (-10.81)-(-9.0) 

0.703 
Past-Accident Training -14.42 0.81 0.002 (-16.00)-(-12.83) 

PPE Training -15.53 0.59 0.009 (-16.68)-(-14.37) 

Training Content -20.07 0.57 0.001 (-21.18)-(-18.95) 

HAZID -27.04 0.66 0.001 (-28.33)-(-25.74) 

0.683 

Periodic Risk Assessment -17.34 0.55 0.002 (-18.41)-(-16.26) 

Accident Analysis -21.21 0.74 0.005 (-22.66)-(-19.75) 

Engineering Controls -16.77 0.63 0.009 (-18.0)-(-15.53) 

PPE -22.27 0.69 0.001 (-23.62)-(-20.91) 

Insufficient Safety Systems 7.77 0.76 0.001 (6.28-9.25) 
0.829 

Defect in equipment 2.54 0.55 0.001 (1.46-3.61) 

chemical compounds 8.95 1.48 0.019 (6.04-11.85)  

Not using PPE 14.64 0.82 0.012 (13.03-16.24) 

0.805 
Lack of knowledge 6.44 1.78 0.032 (2.95-9.92) 

being in dangerous situations 11.33 0.67 0.001 (10.01-12.64) 

activity without permission 14.74 0.72 0.001 (13.32-16.15) 

Spillage of chemicals 16.52 0.6 0.006 (15.34-17.69) 
0.790 

Fire 17.92 0.7 0.011 (16.54-19.29) 

 

and practical structure for risk management in these 

industries is very important and essential [25-27]. 

Our findings regarding Unsafe conditions revealed that 

chemical materials and insufficient protection systems 

contributed to 42.5% and 36.8% of occupational accidents, 

respectively. In addition, regression results indicated that 

these two factors remain in the final model and are 

important as unsafe conditions for the occurrence of 

occupational accidents. Unsafe conditions are considered 

as an inseparable pillar of the integrated causes of chemical 

accidents. The findings revealed that factors such as 

insufficient safety systems, structural and management 

defects in using the equipment and chemical compounds 

significantly increased the chance of an accident. Unsafe 

acts have the highest portion in occupational accidents [8, 28].  

Being in dangerous positions (54.3%) and lack of 

knowledge (45.7%), as unsafe acts, had the largest 

contribution in the studied accidents. Also, findings of 

regression modeling revealed that two factors of activity 

without permission and not using PPE remained  
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in the final regression model, as unsafe acts affecting the 

frequency of occupational accidents. It has been reported 

in some studies that unsafe personal behaviors such as not 

using safety equipment and personal protection, being  

in unsafe positions, working without permission, and 

doing dangerous behavior, because of weak safety attitude, 

such as horseplay can cause different accidents influenced  

by other important factors like demographic and 

organizational factors and workplace conditions [29, 30]. 

Although in many studies the kind of outbreak  

of accidents is not considered as the cause of the accident, 

taking this factor into account can be a very important step 

in identifying possible accidents and then analyzing these 

types of accidents in the chemical industry. Results of this 

model showed that factors related to the type of accidents 

that caused accidents, such as chemical spillage and fire, 

had a direct, positive, and significant relationship  

with the frequency rate of accidents in chemical industries. 

Therefore, these are considered as important factors  

in occupational accidents in these industries and have  

an important role in identifying and analysis of factors  

and casual reasons for the outbreaks [10]. 

Finally, this study which was done in a large statistical 

sample size and on a significant number of accidents 

confirmed the multi-factor nature of accidents in chemical 

industries and indicated that the accidents in these 

industries were the result of the defects in the relation 

among humans, the environment, and work organization. 

 

CONCLUSIONS 

The results of this comprehensive study which  

was obtained using two different practical techniques 

scientifically approved the multi-reason and complicated 

nature of accidents in chemical industries and in this way 

promoted the understanding of this phenomenon. These 

causal factors showed that how different factors 

contributed and were involved in accidents occurring  

in the industry. Therefore, considering all the factors and 

classifying them can be very useful in the effectiveness  

of them on accidents in a comprehensive HSE program  

in these industries.  
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