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An Ergonomic Intervention to Redesign Fish Smoking Device of 

Home Industry 

Robert Hutagalung1a, Victor Oryon Lawalata 2b, Nikmans Hattu 3c 

Abstract.  Smoke and heat become the contributors for increasing temperature and humidity in the production 

room, and workload of workers, and decreasing work productivity of a smoked fish home industry in Hative Kecil 

Village, Ambon City, Indonesia. This paper was aimed to redesign a fish smoking device with ergonomic 

consideration for solving the problem. An ergonomic intervention method applied to redesign the device. Redesign 

process describe result of ergonomic assessment in to the stages of rational method in order to produce new design. 

Despite the environmental variable (temperature and humidity), 10 male workers (age 40-50 year) were assessed 

their characteristics consisting of personal, anthropometric, workload and work productivity data. Final results 

presented a decreasing temperature (15.03%), humidity (8.06%), and workload of workers (75.89%) while work 

productivity increased 88.92%. It concluded that the device redesign can improve temperature, humidity, workload of 

workers and work productivity in the smoked fish home industry. 
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I. INTRODUCTION1 

The smoked fish home industry in Hative Kecil 

Village, Ambon City operates in a way that is 

vulnerable to the health of its workers. Production 

activities are carried out by 2-4 workers without 

changing personnel for more than 8 hours per 

day. This exposes workers to smoke and heat for 

long periods of time. Smoke from wood burning 

contains particles harmful to human health such 

as carbon monoxide, nitrogen dioxide, 

formaldehyde, acrolein, benzene, and respirable 

particles, which cause headaches, dizziness, 

weakness, disorientation and impairment of 

decision making in addition to respiratory and 
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cardiovascular diseases (Adetona et al., 2016). The 

results of wood burning contain polycyclic 

aromatic hydrocarbons (Khpalwak et al., 2019), 

which are pollutants and carcinogen in nature 

(Jadoon et al., 2015) which can be carried away 

with smoke during fish smoking. 

The impact of smoke and heat is contributed 

by the fish smoking equipment used in the home 

industry. Today, smoking device designs vary in 

dimensions for each home industry. Length 

between 1.5 - 2 m, width 60 - 80 cm, height 1.2 - 

1.5 m. The fish holding capacity is between 8-10 

fish per shelf, the number of racks (waya) is 

between 3-6 pieces with a maximum holding 

capacity (1 batch) between 24 - 50 fish slices or 

the equivalent of 12-25 fish. The average 

production time per batch was 159.8 minutes 

using an average of 84 pieces of wood or 7 

bundles. The average daily production capacity 

reaches 300 fish (150 fish). The tool component 

consists of an iron pipe assembly forming a 

rectangular building without covering the tool 

body. As a result, the combustion smoke spreads 

throughout the room, raising the room 

temperature. Increased temperature can cause 

heat stress which results in increased health risks 

(Pradhan et al., 2019; Wesdock and Donoghue, 

2019), risk of accidents or illnesses at work and a 

decrease in work productivity (Nerbass et al., 

2019). Therefore, it is necessary to make efforts to 



Hutagalung et al./ An Ergonomic Intervention to Redesign Fish Smoking Device… JITI, Vol.21(1), Jun 2022, 97-103 

98 

 

reduce the impact of smoke and heat for fish 

smoking workers. 

Overcoming the problem of smoke and heat 

could be done through the design of a fish 

smoking device. In the early stages of design, it is 

necessary to identify the technical and 

organizational conditions of the work process 

(Sławińska, 2020) and the needs of the users that 

are not being met by the current design (van den 

Bemt et al., 2019). The goal is to match human 

characteristics (workers) and working conditions 

using these tools (Lifu et al., 2019). This means 

that the interaction between workers and 

machines/equipment (ergonomic aspects) is an 

important consideration in design. Ergonomic 

intervention in the smoking device designed in 

this study aims to reduce the temperature and 

humidity in the production room and reduce 

workload, as well as increase work productivity. 

II. RESEARCH METHOD 

The research was employed a true-

experimental design with a single group pre-test 

and post-test. We assessed 10 workers of smoked 

fish home industry in Hative Kecil village, Ambon-

Maluku (sample size calculation using Colton, 

1974). Characteristics of the sample are age 

ranging from 40 to 50 years, male sex, work 

continuously smoking fish, at least one year have 

worked in the smoked fish home industry, and are 

in good health as evidenced by a doctor's 

certificate. 

 Redesign of smoking device using rational 

methods (Cross, 2008) with ergonomic 

intervention. Colim et al. (2020) presents the 

intervention stages include (i) preliminary 

ergonomic assessment for current device; (ii) 

device redesign; (iii) ergonomic assessment of 

redesigned device; (iv) definition of ergonomic 

requirements for use of the new device. Redesign 

of smoking device using dimension measurement 

data of workers' bodies (Wiggermann et al., 2019; 

Hotzman et al., 2011). 

Room temperature and humidity as well as 

work load and productivity as parameters used in 

the assessment. Measurement of room 

temperature and humidity using standard 

measuring instruments (thermometer and 

hygrometer). There are several methods to 

measure workload level such as relative 

cardiovascular load (% CVL), cardiovascular strain 

(% CVS) and relative heart rate (% RHR) methods 

(Ismaila et al., 2013; Yang and Chan, 2001). Our 

research uses %RHR formula (Karvonen and 

Vuorimaa, 1988) and 220-age to estimate value of 

HRmax (Tanaka et al. 2001). Work productivity is 

measured as the ratio of output and unit of input 

(Beaton et al., 2009), which output as the sum of 

smoked fish and input as the difference in pulse 

before and after work.  

III. RESULT AND DISCUSSION 

Preliminary ergonomic assessment 

The findings of the initial assessment are the 

characteristics of workers and work environment 

that are presented in Table 1. It shows a little 

variation in the age, weight, heigh and work 

experience. According to Weight Broca Index 

formula (Alejandro et al., 2018), workers tend to 

have a proportional body weight. They are skilled 

in smoking a fish based on their experience (more 

than 8 years in this job) and perform their work in 

the production room which is hot dan quite 

humid. 

Table 1. Worker and work environment characteristics 

 Mean SD 

Personal Variable 

Age (year) 

Weight (kg) 

Height (cm) 

Work experience (year) 

Environment Variable 

Production Room Temperature (0C) 

Production Room Humidity (%) 

 

45.10 

57.10 

166.60 

12.60 

 

34.60 

56.58 

 

8.77 

1.43 

3.82 

4.49 

 

0.28 

0.25 
 

 

Figure 1. Fish smoking device (current design)  
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Contribution of the recent design of fish 

smoking device (Figure 1) are showed by low 

level of work productivity (Table 2). Using 

worker’s age on Tabel 1, we found the level of 

HRmax  = 220-45.10 = 174.90 pulse/minute and 

the level of worker’s workload, %RHR  = (139.61 - 

79.14) / (174.90 – 79.14) = 63.15%. 

The structure of the tool design is currently 

the cause of complaints from workers. 100% of 

the research sample (workers) stated that smoke 

always interferes with the smooth running of their 

work. Workers often feel stinging and watery in 

their eyes and difficulty breathing due to inhaling 

air mixed with smoke from wood burning. Heat 

stroke on the skin around the fingers, wrists and 

forearms occurs every day (low frequency) due to 

contact with the components of the tool during 

the smoking process. This device uses an iron 

pipe as a major component material, which is an 

excellent conductor of heat. Workers respond to 

this phenomenon by spending a lot of time 

recovering, which increases the smoking time per 

batch of fish. 

 

Device redesign 

An ergonomic intervention based on 

preliminary assessment results of device redesign 

is to control the flow of smoke from wood 

burning and to use materials with low thermal 

conductivity. The goal of the redesign is to get a 

fish smoking device that provides work comfort, 

lighter workloads and encourages increased work 

productivity of workers (Figure 2). The working 

process of the device is very simple with the main 

function only for smoking fish with the 

supporting function is to remove smoke (Figure 

3). Technically, this device must meet the design 

targets as shown in Figure 4. Its dimensions are 

determined considering the dimensions of the 

parts of the worker's body (Table 3). 

Table 2. Workload and work productivity 

 Mean SD 

Resting pulse frequency (pulse/minute) 

Working pulse frequency (pulse/minute) 

Work productivity (%) 

79.14 

139.61 

1,785 

0.65 

1.03 

0.473 

Table 3. Dimensions of the worker's body 

 Mean SD 
Percentile 

95% 

Height of body (cm) 

Height of shoulder (cm) 

Height of elbow (cm) 

Height of knee (cm) 

Length of elbow (cm) 

Length of hand (cm) 

152,75 

125,90 

91,10 

47,75 

32,50 

16,30 

5,05 

5,13 

6,54 

2,03 

1,68 

1,03 

160,00 

133,33 

99,10 

50,93 

35,10 

17,78 

 

 

 

Figure 2. An objective tree of the device redesign 

 

 

Figure 3. A box model of the device redesign 
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Redesign of the fish smoking device were 

carried out by adding a chimney and a wall 

covering. The distribution of hot smoke is 

concentrated out to the top through the chimney. 

In order to control excessive heat, this device is 

equipped with a chimney window and door that 

can be opened to enlarge the space for smoke 

exhaust. Result of device redesign provide a new 

prototype of the fish smoking device that shown 

in Figure 5 and Figure 6. It uses aluminum plate, a 

 

Figure 4. A house of quality (HOQ) of the device redesign 

 
  a. Front view design  b. Side view design 

Figure 5. A 2-dimensional design of new device after redesign with ergonomic intervention 
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semi-conductor material for body (thickness = 5 

mm) and iron elbow for its frame (thickness = 5 

mm). Its dimensions are 2 m length, 80 cm width 

and 2 m height including chimney (height before 

chimney = 1,5 m). The drain hole of the chimney 

is placed outside the production room to prevent 

the spread of hot smoke in the room. Observation 

of the condition of the fish when they are 

roughing through the glass on both doors, and 

fish processor will not be exposed by high heat 

radiation. This device consists of 5 shelves with a 

maximum capacity of 50 pieces of fish (10 piecies 

per shave). 

 

Ergonomic assessment of redesign device 

Design improvement of the smoking device 

by considering ergonomic intervention have 

improved the weaknesses of the previous design. 

Comparing to previous tests (Table 1 and 2), the 

test results of the new device (Table 4) show a 

decreasing level of temperature and humidity in 

the workshop, as well as the workload and 

productivity of the workers. Workers at 174.90 

HRmax have reached 15.22 %RHR. 

Table 4. Test result of fish smoking device after 

ergonomic intervention 

 Mean SD 

Production Room Temperature (0C) 

Production Room Humidity (%) 

Resting pulse frequency (pulse/minute) 

Working pulse frequency (pulse/minute) 

Work productivity (%) 

27.4 

64.74 

78.49 

93.16 

17.90 

0.27 

5.01 

0.89 

1.39 

2.37 
 

Discussion 

Generally, workers are in the productive age 

(40-50 years). However, increasing age can reduce 

skeletal muscle mass and strength (Damiano et 

al., 2019; Calvani et al., 2014) which begins at the 

age of 39 along with decreasing aerobic capacity 

(Bridger, 1995). In contrast to the age of 20-30, 

muscle strength at the age of 65 years is 70-80% 

(Rodahl, 2005). It tends to have lower work 

performance (Grandjean, 1998). Workers have a 

relatively small variation in body weight, namely 

57.10 ± 1.43 kg which is based on Aryatmo 

(1981), which is still in the ideal weight interval 

between 47.91 to 58.55 kg (53.23 ± 5.72 kg). 

Based on the average height and weight of 

workers, the results of the calculation of body 

mass index (BMI) = 20.57 kg/m2 which by NAASO 

and NHLBI (2000) are categorized as normal body 

weight. 

The results of the assessment of the current 

device (Figure 1) found a contribution of design 

to form a work environment that is not 

ergonomic enough and low productivity. The 

current design that is open (without the cover of 

the tool body) causes the spread of hot smoke 

from the fumigation process into the workspace 

and creates a room temperature between 34.6 ± 

0.28 0C with an air humidity of 56.68 ± 0.25% 

(Table 2). For the Indonesian region, a 

comfortable indoor temperature for people to 

work is between 24-27 0C with a humidity of 60 ± 

5% (SNI 6390: 2011). This condition causes work 

discomfort. On the other hand, workers 

complained of sore eyes and difficulty breathing 

due to the burning smoke that enveloped the 

room. This condition requires workers to work 

hard to complete tasks, thereby increasing their 

workload. This is evidenced by the average 

working pulse frequency between 105.605 ± 1.03 

 

         
 a. Closed door view b. Front (open door view) c. Side (Open door view) 

Figure 6. A new device after redesign with ergonomic intervention 
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pulse/minute which Grandjean (1998) categorized 

as a moderate workload level (between 100-125 

beats/minute). Several studies have shown that a 

good pulse rate is between 77-86 beats/minute 

(Adiputra, 2008; Artayasa, 2007; Yuniarti, et al., 

2005). For the resting pulse frequency of 79.137 ± 

0.65 pulses/minute, the resulting work 

productivity average is 1.785 ± 0.473 

pcs/pulse/minute. 

The new device demonstrates the positive 

impact of ergonomic interventions. The new 

design test (Table 4) shows a 15.03% decrease in 

room temperature and an 8.06% increase in 

humidity. This environmental level parameter 

creates work comfort for workers to complete 

tasks more relaxed than before (workload 

decreased by 75.89% according %RHR). This 

change has led to an increase in work productivity 

by 88.92%. Complaints of difficulty in breathing 

and watery eyes decreased by 63.27%, while 

complaints of pain due to heat stroke decreased 

by 72.44%. The smoke stream in the new design 

moves up and out of the exhaust to the outside 

of the work space. Smoke entering the room 

occurs only when the device’s door is opened to 

enter, bring out or change the position of the 

smoked fish. 

IV. CONCLUSION 

Ergonomic intervention on redesign is the 

major cause of decreasing weakness of the 

previous fish smoking device. After the use of the 

new device, it is confirmed that the new device 

can lower the temperature and humidity (in the 

production room), and the workload of workers, 

and rise the work productivity. 

Further research is required to solve the 

limitation of the new device. It is need to 

understand about changing fish position without 

opening the device door, and making hot smoke 

last longer in the device thereby reducing wood 

usage. 
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