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Abstract 

Fireworks industries are very old, unorganized cottage industries in West Bengal mainly confined 

in South 24 Parganas. The present investigation was intended to investigate the prevalence of 

work-related musculoskeletal disorders among the workers and to identify the causative factors 

behind it. In this present study, 152 male fireworks workers from different age groups and 100 

control subjects were investigated. Modified Nordic questionnaires were used to identify the 

region-wise disorders. The Hand Grip strength of both groups was also estimated. Among the 

fireworks workers posture related musculoskeletal disorders were severely observed in the lower 

back which was aggravated with the advancement of age and working experience. Pain and 

stiffness were also reported in the neck, upper back, wrist, elbow, knee and ankle. A lower backrest 

with support at the lumber region is strongly recommended. 

[Key words:  Fireworks, cottage, prevalence, musculoskeletal, Nordic] 

Introduction 

Fireworks industries are well-known ancient but hazardous cottage industries in India. Fireworks 

mainly emit light, sound, gas and heat on ignition of pyrotechnic chemical 1. It creates extensive 

environmental pollution within a short time, deposits metal dust, toxins and other harmful 

chemicals. Workers continuously exposing its manufacture also affected adversely. In West 

Bengal, the largest fireworks hub is situated in Champahati, South 24 Parganas which includes 

around 19 villages across four-gram panchayats. Approximately 5000 workers are involved in this 

profession which involves 800 trades directly with an estimated revenue collection of around 25 

crores per annum (A report published on The Times of India, October’26, 2019).  

Disabilities associated with Works related musculoskeletal disorders (WMSDs) are very common 

but rapidly increasing socio-economic problems in industrial sectors 2-6. Risk factors that aggravate 

the situation include posture, repetition, material handling, mechanical compression, force, 

temperature, extremities, vibration, glare, duration of exposure, inadequate lighting, etc7-15. But 

very few reports are available on the health hazards associated with the fireworks workers. Like 
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other industrial workers, WMSDs are very common among fireworks workers. Musculoskeletal 

disorders are commonly referred to as injuries and disorders to the muscles, tendons, joints, 

ligaments, cartilage, nerves or spinal disc 16. Postural discomforts are associated with works related 

musculoskeletal disorders mainly in the lower back, shoulder, upper extremities among the 

workers. So far as the information is available, probably it is the first report of works related to 

musculoskeletal disorders among fireworks workers in the state of West Bengal. 

The present work was aimed to assess the ergonomic risk factors associated with the development 

of WMSDs among male fireworks workers in West Bengal, India. 

Materials and methods 

Inclusion and exclusion criteria:  

Inclusion criteria include: (i) age of the workers > 18years, (ii) female workers and physically 

disable male workers were excluded from the present study. In this way, 73 workers in 17 factories 

were excluded.  

Selection of Subjects: 

There are 152 male fireworks workers were selected for the experimental group. 100 workers who 

are not attached to the field of fireworks and not involved in awkward postures like fireworks 

workers were selected for the control group. The control group was divided into four subgroups 

according to their age (A: 20-29years, B: 30-39years, C: 40-49years, D: above 50 years); and were 

physically and mentally healthy. They work in different fields other than fireworks. The 

experimental group was also similarly divided into four subgroups according to their age (A: 20-

29years, B: 30-39years, C: 40-49years, D: above 50 years). 

Physical Parameters: 

The height and weight of the fireworks workers and the control group were measured with a Martin 

anthropometer (Takei, Japan) and a Crown weighing machine (Raymon Surgical, India) 

respectively. The body surface area (BSA)17 and the body mass index (BMI)18 of all the subjects 

were also computed. 

Questionnaire: 

A standardized Nordic questionnaire was used for this study19. The questionnaire was represented 

in the form of multiple choice. The subjects were informed about the objective of the study and all 

had their consent. The questions are divided into two groups based on general information of 

workers and pain of discomfort body parts. 

Study Period & Working Area: 

The study was conducted from April 2018 to March 2020. The workplace is in west Bengal, India. 
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Working Environment: 

The wet bulb globe temperature (WBGT) of the workplace of fireworks workers was calculated20. 

Mean globe temperature, wet and dry bulb temperatures were recorded.  

The formula of the WBGT is equal to - 0.7 ● NWB + 0.3 ● GT,  

(NWB = Natural wet bulb and GT = Globe temperature) 

Relative humidity was also estimated from the psychometric chart which was developed by 

Weksler Instrument (USA)21. 

Statistical Analysis: 

Student’s t-test was used between the two groups of workers to find out whether there was any 

significant difference between the pain of discomfort part of the experimental and the control 

groups. 

Analysis of Working Posture: 

To analyze the working posture, Rapid Entire Body Assessment (REBA)22, proposed by Hignett 

and McAtamney was used. And to assess the risk of work-related musculoskeletal disorders 

(WRMSDs), Rapid upper limb assessment (RULA)23 was used. 

Discomfort Level Scale:  

To identify the discomfort level score, a ten-point scale was used24. 0 represented ‘no discomfort’ 

and 10 represented ‘worst discomfort (extremely uncomfortable)’. This scale was used to identify 

the discomfort level of the fireworks workers in their different postures. The intensity of pain or 

discomfort was measured by utilizing the body part discomfort (BPD) scale. 

Risk level scale:  

A ten-point scale was also used for assessment of the level of risk in working posture, where 1 meant ‘no 

risk or negligible’ whereas 10 meant ‘very high risk’. After performing REBA and RULA methods on 

different postures of the workers, the result of the posture analysis was compared with the scale.  

 

Results 

The overall demographic data of Fireworks workers and the control group are presented in Table 

1. Between these two groups, height, weight, BSA, BMI and year of experience vary significantly. 

Mean age does not show any significant difference. Duration of work per day, duration of rest per 

day and number of working days per week are the same for these two groups. The overall steps 

involved in fireworks are presented in a flow chart (Fig 1). 
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Table 1. Demographic data of Fireworks workers and Control group 

Variable Fireworks workers 

(Mean±SD) 

Control group 

(Mean±SD) 

Remarks 

Age (year) 38.32 ± 10.96 36.14±11.05 Not significant (p = 0.1249) 

Height (cm) 166.11 ± 9.45 168.69±6.35 Significant (p = 0.0173) 

Weight (Kg) 57.19 ± 8.56 62.39±10.29 Significant (p < 0.0001) 

BSA (m2) 1.63 ± 0.15 1.70±0.15 Significant (p = 0.0004) 

BMI (Kg/m2) 20.73 ± 2.75 21.87±2.96 Significant (p = 0.0020) 

Year of experience  17.3 ± 2.17 14.8±1.68 Significant (p < 0.0001) 

Duration of work 

per day (Hours) 

8.0 8.0 - 

Duration of rest per 

day (Hour) 

1.0 1.0 - 

No. of working 

days per week 

06 06 - 

Mean values were presented. Within the parentheses, SD values were given. 
 

 

Fig 1. Flow chart of Fireworks process 

The modified Nordic musculoskeletal questionnaire analysis revealed that discomfort in different 

body parts among Fireworks workers are predominantly reported in the knee, lower back, and 

upper back regions. Discomforts in the neck, shoulder, elbow and wrist are also found (Table 2). 

Types of injury in different body parts associated with fireworks are presented in Table 3. 
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Table 2: Comparison of discomfort in different body parts between Fireworks 

workers and control group 

Age groups Body parts involved 
Fireworks workers Control group 

N = 32 N = 28 

20-29 

Neck 

Shoulder 

Elbow 

Wrist 

Upper back 

Lower back 

Hip 

Knee 

Ankle 

8 (25.0%) 

4 (12.5%) 

4 (12.5%) 

4 (12.5%) 

3 (9.37%) 

4 (12.5%) 

- 

- 

- 

5 (17.85%) 

- 

- 

- 

- 

- 

- 

- 

- 

30-39 

 

Neck 

Shoulder 

Elbow 

Wrist 

Upper back 

Lower back 

Hip 

Knee 

Ankle 

N = 54 N = 49 

15 (27.77%) 

17 (31.48%) 

12 (22.22%) 

12 (22.22%) 

26 (48.14%) 

29 (53.70%) 

- 

2 (3.70%) 

1 (1.85%) 

- 

- 

7 (14.28%) 

- 

17 (34.69%) 

19 (38.77%) 

- 

- 

- 

40-49 

 

Neck 

Shoulder 

Elbow 

Wrist 

Upper back 

Lower back 

Hip 

Knee 

Ankle 

N = 46 N = 15 

11(23.91%) 

10(21.73%) 

8(17.39%) 

9(19.56%) 

31(67.39%) 

33(71.73%) 

- 

13(28.26%) 

6(13.04%) 

2 (13.33%) 

8 (16.32%) 

- 

- 

4 (26.66%) 

6 (40.00%) 

- 

3 (20.00%) 

- 

 

 

 

 

50 and above 

 

Neck 

Shoulder 

Elbow 

Wrist 

Upper back 

Lower back 

Hip 

Knee 

Ankle 

N = 20 N = 8 

3(15%) 

3(15%) 

3(15%) 

4(20%) 

7(35%) 

10(50%) 

- 

14(70%) 

4(20%) 

- 

1 (6.66%) 

- 

- 

6 (75.00%) 

7 (87.50%) 

- 

7 (87.50%) 

- 
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Table 3. Types of injury between Fireworks workers and control group 

Type of injury Body parts Fireworks workers 

(%) 

Control group 

(%) 

PAIN 

H
an

d
 

   

Elbow 17.76 7 

Wrist 19.08 0 

Finger 19.73 9 

L
eg

 

   

Knee 19.79 10 

Ankle 7.24 0 

Feet 11.18 5 

TINGLING 

H
an

d
 

  

 

Elbow 1.31 0 

Wrist 3.04 0 

Finger 3.04 0 

L
eg

 

  

 

Knee 1.31 0 

Ankle 0.66 0 

Feet 0.66 0 

SPRAIN 

H
an

d
 

  

 

Elbow 5.26 0 

Wrist 11.84 0 

Finger 16.44 0 

L
eg

 

  

 

Knee 0.66 0 

Ankle 14.47 3 

Feet 13.16 0 

ABRASION 

H
an

d
 

  

 

Elbow 3.29 0 

Wrist 16.45 1 

Finger 16.45 1 

L
eg

 

  

 

Knee 1.32 0 

Ankle 4.60 0 

Feet 5.26 0 

NUMBNESS 

H
an

d
 

  

 

Elbow 4.60 0 

Wrist 5.92 0 

Finger 6.58 0 

L
eg

 

  

 

Knee 4.60 0 

Ankle 3.29 0 

Feet 2.63 0 

SWELLING 

H
an

d
 

  

 

Elbow 1.32 0 

Wrist 7.9 2 

Finger 8.6 3 

L
eg

 

  

 

Knee 1.97 0 

Ankle 1.32 0 

Feet 6.6 4 

LACERATION H
an

d
 

  

 

Elbow 3.29 0 

Wrist 7.89 0 

Finger 10.53 2 
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Table 4 represents handgrip strength between fireworks workers and control group at different 

positions of elbow as well as at rest. In all cases, fireworks workers show significant differences 

with the control group. 

Table 4. Comparison of Hand Grip Strength between Fireworks workers and Control 

group 

Hand posture Fireworks workers Control group 

 

Remarks 

Elbow flexion 

(900) 
44.41 ± 2.11 41.32 ± 1.64 Significant (p < 0.0001) 

Post work 

resting 
40.31 ± 2.01 38.17 ± 1.41 Significant (p < 0.0001) 

Elbow extension 

(1800) 
41.32 ± 1.66 40.41 ± 2.16 Significant (p < 0.0002) 

Post work 

resting 
38.47 ± 2.16 37.11 ± 1.41 Significant (p < 0.0002) 

Values were expressed as Mean ± SD 
 

Rapid Entire Body Assessment (REBA) and Rapid Upper Limb Assessment (RULA) at different 

body postures among the fireworks workers are resented with discomfort levels in terms of 10-

point scale score in Table 5. 

Table 5.  Analysis of working posture of Fireworks workers by REBA and RULA 

Activity 

Figure 

Figure REBA 

Score 

RULA 

Score 

Risk 

Level 

Action 

Category 

10 Point 

scale score 

1. Mixing the 

dusts of 

fireworks 

 

8 7 high Necessary 

soon 

8 

2. Cutting the 

metal part of 

fireworks 

 

7 5 medium necessary 7 

L
eg

 

 

 

Knee 1.97 0 

Ankle 2.63 0 

Feet 11.84 1 
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3. Fill the dust 

into the paper  

 

7 5 medium necessary 7 

4. Rolling the 

fireworks 

 

7 6 medium necessary 7 

5. Shaping the 

fireworks 

 

5 3 Medium necessary 6.5 

6. Ready for 

drying under 

the sunlight 

 

7 5 Medium necessary 7 

 

Fig 2 shows linear regression between discomfort levels and risk levels at different working postures in 

entire body parts. Table 6 presents lower body parts show significant (p<0.05) positive correlation (r=0.862) 

with discomfort level. 
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Fig 2. Linear regression between discomfort level and risk level at entire body parts in 

different working posture 

Table 6. Correlation between entire body parts and discomfort levels 

Figures (from Table 3) REBA score Level of discomfort (from 10 

point scale) 

1 8.0 8.0 

2 7.0 7.0 

3 7.0 7.0 

4 7.0 7.0 

5 5.0 6.5 

6 7.0 7.0 

Pearson’s correlation 

coefficient (r) 

0.862 (strong positive correlation) 

p-value 0.272 

The result is significant at p < 0.05 level 

 

Fig 3 presents linear regression between discomfort levels and risk levels in upper limbs. Table 7 

shows a significant (p<0.05) positive correlation (p=0.016) between REBA scores and discomfort 

levels. 
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Fig 3. Linear regression between discomfort level and risk level at upper limbs in different 

working posture  

Table 7. Correlation between upper limbs and discomfort levels 

Figures (from Table 3) REBA score Level of discomfort 

1 7.0 8.0 

2 5.0 7.0 

3 5.0 7.0 

4 6.0 7.0 

5 3.0 6.5 

6 5.0 7.0 

Pearson’s correlation 

coefficient (r) 

0.892 (strong positive correlation) 

p-value 0.016 

The result is significant at p < 0.05 level 

The average value of the indoor WBGT index of the worksite was 31.9 °C, with a relative 

humidity of 59%. 

Discussion 

Work-related musculoskeletal disorders are rapidly increasing among workers working in both 

large-scale industries as well as in small scale cottage industries in India25. Various socio-

economic conditions like poverty associated with malnutrition, unscientific working posture, 

adverse working conditions, excessive working hours, etc aggravate the situation26. In our present 

study, maximum work-related musculoskeletal disorders were found maximally up to 71.73% of 

fireworks workers (age group 40-49years) predominantly involving the lower back. However, pain 

and stiffness were also reported in the upper back, neck, wrist, elbow, knee and ankle. In this 
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present investigation increased prevalence of work-related musculoskeletal disorders were also 

reported with the advancement of age. Shyam and Dutt (2017) reported significant relation 

between age, years and working hours as well as marital status with the development of work-

related musculoskeletal disorders which affect almost 70% of the working group involved in textile 

industries of Meerat 27. Prevalence of work-related musculoskeletal disorders with 58.8% of coir 

industry workers was also reported in Kerala28. Very recently, work related musculoskeletal 

disorders were also reported among manufacturing workers29. 

Conclusion 

After analysis of ergonomic factors and results, it can be concluded that the fire workers who are 

working with awkward postures have a high risk of developing WMSDs especially affecting the 

upper limbs and both upper and lower back. Unfavorable working environment, unscientific 

working postures with psychosocial factors and age significantly caused the development of local 

and multisite symptoms. Provisions of backrest with support is strongly recommended to reduce 

postural strains in the lumbar region which is most adversely affected. 
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