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ABSTRACT

Background: Safety, health and well-being requirements at work have reinforced the need for integrated
approaches to job assessment, especially in demanding production contexts such as food preparation units.
In this context, Industry 5.0 values a human-centred perspective, combining productive efficiency with the
physical, cognitive and psychosocial protection of workers. Objectives: The present study aims to conduct
an integrated assessment of a workstation in a Food Preparation Unit, focusing on the task of washing
dishes with a jet, in order to identify physical, biomechanical, cognitive and psychosocial risks, as well as
to substantiate proposals for improvement in line with the principles of Industry 5.0. Methodology: The
methodology adopted is based on a multidimensional approach, utilising direct workplace observation,
worker questionnaires, and recognised assessment tools for physical, cognitive, and psychosocial loads.
Results: The results show the presence of forced postures, repetitive movements, high physical effort, time
pressure, monotony and reduced autonomy, with a negative impact on the physical and emotional well-
being of female workers. Conclusions: It can be concluded that the adoption of ergonomic, organisational
and technological improvements reduces the identified risks, promoting a safer, more efficient and human-
centred workplace, in accordance with the principles of Industry 5.0.

Keywords: Ergonomics, Occupational Safety, Risk Assessment, Industry 5.0.

1. INTRODUCTION

This article aims to analyse a real workstation in a Food Preparation Unit, assessing its health and
safety conditions and proposing well-founded improvements. The study focuses on the task of
washing dishes with a jet, an essential activity in the process of sanitising utensils in the food
context, which involves significant physical, cognitive and emotional demands [29]. This task is
often performed in hot and humid environments, under time pressure and with exposure to
different risk factors, which makes it particularly critical from an occupational health and safety
point of view [11].

The analysis focuses on the identification and integrated assessment of the risks associated with
the performance of this activity, using recognised methodologies in the fields of ergonomics,
safety and workload analysis. The integrated approach allows for an objective characterisation of
the job, an understanding of the demands placed on the worker, and the identification of physical,
biomechanical, cognitive, and psychosocial risk factors that may compromise safety, well-being,
and professional performance.
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In this context, and in line with the principles of Industry 5.0 the study seeks to substantiate
proposals for ergonomic, organisational and technological improvements with a view to
promoting a safer, more efficient and human-centred working environment [2].

2. MATERIALS AND METHODS

The study takes the form of a case study focused on the integrated assessment of the workstation
under analysis, specifically the task of washing dishes with a jet. The adopted methodology is
based on a multidimensional approach that integrates the analysis of physical, cognitive, and
psychosocial risks, allowing for the characterisation of the demands placed on the worker and the
conditions under which the task is performed.

The selection of the workplace considered its relevance in the utensil sanitising process within
the food context and the characteristics of the thermal environment. The activity takes place in a
hot and humid space, with contact with hot water, steam, and bulky, slippery utensils, involving
repetitive movements of the upper limbs, prolonged standing, and adaptation to the pace of work.
The workstation is integrated into a space shared with other unit operations, conditioning the
reaches, the adopted postures, and the organisation of the workflow.

The assessment of physical well-being was carried out using recognized methodologies in the
field of ergonomics and occupational risk prevention. The manual handling of loads associated
with the transport of trays and pans was analysed using the National Institute for Occupational
Safety and Health (NIOSH) equation, allowing the biomechanical effort associated with the
transport of heavy trays and pans to be quantified and determining the recommended weight limits
to prevent spinal injuries [28]. Physical and mechanical risks, namely the risk of wet loads falling
and the risk of burns, were assessed using the 5X5 Matrix, selected to prioritize interventions
based on the probability and severity of non-ergonomic risks, such as burns. The overall postural
analysis of the body was performed using the Rapid Entire Body Assessment (REBA) method
[13], while localized and repetitive stress on the upper limbs, particularly the wrists and forearms,
was assessed using the Rapid Upper Limb Assessment (RULA) method, focusing on the
musculoskeletal load caused by the continuous use of the water jet [18]. In addition, the Nordic
Musculoskeletal Questionnaire (NMQ) was applied to identify the presence of musculoskeletal
complaints and discomfort associated with work activity [17].

Regarding cognitive well-being, the assessment focused on the mental workload of the task,
considering visual-motor coordination, the repetitiveness of actions, and time pressure during
periods of high demand. To this end, cognitive workload analysis tools were used, namely the
National Aeronautics and Space Administration Task Load Index (NASA-TLX) [12] to assess
subjective perception of effort, and the Subjective Workload Assessment Technique (SWAT) [22]
selected for its high sensitivity to the time pressure and stress of food production units.
Additionally the Goals, Operators, Methods, and Selection rules (GOMS) model [1], and the
Systematic Human Error Reduction and Prediction Approach (SHERPA) [8] , were used to map
task structure and anticipate potential operational failures.

The assessment of emotional and psychosocial well-being was conducted using recognized
instruments for analysing occupational stress and psychosocial conditions at work. The Health
and Safety Executive Management Standards (HSE) [7], the Copenhagen Psychosocial
Questionnaire (COPSOQ) [16], the Job Content Questionnaire (JCQ) [14], the Effort-Reward
Imbalance (ERI) model [25], and the World Health Organization Five Well-Being Index (WHO-
5) [27] were used, enabling the analysis of dimensions such as job demands, level of autonomy,
social support, balance between effort and reward, and the worker's overall emotional well-being.
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The selection of instruments was justified by their validation in the literature and suitability for
assessing physical, cognitive, and psychosocial demands in the food sector. The assessment
process included direct observation on-site during one working day, accompanying one worker,
out of a total of four who perform the task (51 years of age; 20 years of experience in the role).
The data collection protocol took place during the normal shift, cross-referencing questionnaire
responses, show in Annex C, with observational evidence to ensure the reliability and validity of
the information.

3. RESULTS

The risk assessment was carried out based on three dimensions: physical, cognitive, and
psychosocial. This approach makes it possible to identify factors that may affect workers’ health
and performance, providing a basis for the implementation of improvements in the working
environment. The integration of these dimensions facilitates a comprehensive analysis of
workstation conditions and contributes to the promotion of a safer and more efficient
environment [24].

3.1. RISK IDENTIFICATION

To carry out the assessment of risks associated with the work performed in the kitchen, the
analysis focused exclusively on the tasks directly observed on site, complementing the evidence
collected through observation with the responses provided in the questionnaire applied to the
worker.

Figure 1 illustrates the operation of washing dishes using a spray jet, allowing the identification
of the associated risks.

Figure 1: Process: Wash the dishes with a jet
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Process description:

1) The worker collects the dirty dishes and places them near the dishwashing area

2) She removes food residues using repetitive scrubbing movements.

3) She uses the water spray jet, which requires constant pressure on the trigger mechanism.

4) She significantly bends her trunk to reach the bottom of the sink.

5) She alternates trunk positions between the washing, rinsing, and draining areas.

6) She handles wet and slippery pots and trays.

7) It was observed that she did not use protective gloves, increasing skin exposure to

chemical agents.

The analysis of the dishwashing task revealed the presence of multiple risk typologies. In the
mechanical domain, there is a susceptibility to cuts during the handling of sharp utensils or those
with damaged edges. From a biomechanical perspective, the execution of the task requires trunk
flexion, conditioned by the depth of the sink, and repetitive movements of the arms and wrists.
The activity entails prolonged standing, the adoption of asymmetrical postures when handling
heavy pots, and the transport of wet and slippery loads.
Regarding physical factors, there is contact with hot water and exposure to humidity and steam.
Simultaneously, the ergonomic assessment reveals constraints arising from the limited space
between the washing, draining, and storage areas. The thermal environment exacerbates postural
discomfort, while the slippery flooring imposes compensatory postural adjustments during the
execution of the activity.
Concerning chemical risks, there is contact with detergents and degreasers. The absence of
protective gloves increases the risk of dermatitis, skin irritation, and the absorption of substances,
a situation exacerbated by the inhalation of cleaning product vapours in the hot and humid
environment.

3.2. RESULTS OF THE ANALYSIS OF PHYSICAL WELL-BEING

The assessment of physical risks was conducted using recognized methodologies, as detailed in
Table 5 in Annex A. The transport of trays and pots, which involves lifting and carrying loads,
was analysed using the NIOSH’91 Equation, allowing the quantification of biomechanical effort.
The risk of dropping wet loads was analysed using the 5X5 Matrix, considering its sudden impact.
Postures adopted during the operation of placing dishes in the sink area were assessed using the
REBA method, which evaluates overall body posture. Burns associated with the use of the
washing spray jet were assessed using the 5X5 Matrix, and repetitive demands on the wrists and
forearms were analysed using the RULA method, due to localized and repetitive effort.

3.2.1. NORDIC QUESTIONNAIRE

The Nordic Musculoskeletal Questionnaire is a widely used instrument for identifying and
analysing the occurrence of musculoskeletal pain and discomfort in different populations,
particularly in work environments. Developed in the Nordic countries, it is a standardized
questionnaire that helps detect problems in various body regions and assess possible relationships
with working conditions, thereby supporting the adoption of ergonomic improvements [23]. The
version of the Nordic Musculoskeletal Questionnaire used in this study is presented in Figure 2.

Its structure includes questions about the onset of symptoms in areas such as the neck, shoulders,
back, and limbs, considering specific periods, such as the last 7 days or the last 12 months. The
questionnaire also evaluates whether these symptoms interfere with daily routines or professional
activities, providing a clear view of the impact of musculoskeletal complaints on workers’ lives.
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Figure 2: Nordic Musculoskeletal Questionnaire

3.2.2. NIOSH91 EQUATION

In this method, a maximum recommended weight, referred to as the load constant (LC), is
considered to be 23 kg, to which various adjustment factors (multipliers) are applied, as shown in
the following equations, depending on the deviations present in the task under study in relation to
the optimal conditions [10].The NIOSH’91 equation is presented in Equation 1.

Equation 1- NIOSH '91 Equation
RWL =LC XxHM xVM x DM x AM x GM x FM (Kg)

For the application of the NIOSH’91 Equation, the specific characteristics of tray handling were
considered, including the movement of removing the trays from the tray rack and transporting
them to the dishwashing area. This equation is used to calculate the effort associated with manual
load lifting and is based on the parameters presented in table 1.

Table 1: Elevation Characteristics

Features
H 30 cm
\% 180 cm
D 220 cm
A 90°
W 4 cm

International Symposium on Occupational Safety and Hygiene: Proceedings Book of the SHO2026
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For the calculation of each multiplier within the aforementioned NIOSH’91 Equation, the specific
elevation parameters and characteristics detailed in table 1 shall be applied as defined by the
following formulations:

Equation 2 - Horizontal Multiplier

25 . . . .
HM = - where H is the horizontal distance at the start of the elevation.

Equation 3 - Vertical Multiplier
VM =1 —(0.003) X |V — 75], where V is the height at which the lift begins.

Equation 4 - Distance Multiplier
DM = 0.82 + ‘%5, where D is the vertical distance between the starting point and the end point of

the elevation.

Equation 5 - Asymmetry Multiplier
AM =1 — (0.0032 x A), where A is the angle of rotation of the trunk during the lift.

Equation 6 - Grip Multiplier
GM — Value dependent on the quality of the handle, determined from Table 6 of Annex A.

Equation 7 - Frequency Multiplier
FM — Value dependent on the frequency of elevations, determined from Table 8 of Annex A.

Equation 8 - Horizontal Distance
H =20+ %, where W is the dimension corresponding to the depth of the object and is used to

determine the value of H when V > 25 cm.

Table 2 presents the calculated values for the various multipliers, which will be applied to the
NIOSH equation to obtain the Recommended Weight Limit (RWL).

Table 2: Multipliers and RWL

Multipliers

HM 0.83
VM 0.685
DM 0.84
AM 0.712
GM 1
FM 0.42
RWL 3.28 Kg

International Symposium on Occupational Safety and Hygiene: Proceedings Book of the SHO2026

| 404



Integrated Evaluation in a Production Unit Food from the Perspective of Industry 5.0

In situations where the actual weight of the objects exceeds the Recommended Weight Limit
(RWL) and it is not possible to reduce the weight or use mechanical assist devices, it is necessary
to establish an absolute upper limit, the Lifting Index (LI), as presented in Equation 9, to ensure
a minimum level of protection for the worker, with such circumstances being considered
exceptional [10].

Equation 9 - Lifting Index
LI = RLW’ where L = 1.426 Kg is the actual weight of the object

Risk assessment using the NIOSH’91 Equation is interpreted based on the Lifting Index (LI).
According to the criteria of this method, an LI value greater than 3 is considered unacceptable.
Results between 1 and 3 indicate a risk of musculoskeletal injury, requiring the implementation
of corrective measures. Conversely, an index below 1 denotes the absence of significant risk [5].
In the present case, the calculated Lifting Index was 0.4347, leading to the conclusion that the
manual load handling task poses no associated risk to the worker.

3.2.3. 55 MATRIX

The risk assessment was carried out using the 5X5 Matrix, which classifies risks based on the
probability of occurrence and the severity of their consequences, and is duly presented in Table 9
of Annex A. The main risks identified were the risk of dropping wet and slippery loads and the
risk of burns, as shown in Table 3.

Table 3: Results of the 5x5 Matrix Assessment

Risk Frequency Severity FxG Level
Falling wet and slippery loads 4 2 8 Moderate
Burns 3 4 12 High

The risk of dropping wet and slippery loads was classified with a frequency of 4 (likely) and a
severity of 2 (minor), resulting in an F X G score of 8, which places it at a moderate level.

The risk of burns was classified with a frequency of 3 (possible) and a severity of 4 (severe),
resulting in an F X G score of 12, placing it at a high level.

3.2.4. REBA
The REBA assessment indicated a very high risk for the task of placing dishes in the sink area,
with a final score of 11 points, as shown in Figure 3.
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Figure 3: Evaluation of Results Obtained Using the REBA Method

The trunk is maintained in a flexion of 0° to 20° (2 points), and the neck is flexed above 20° (2
points). The legs show bilateral support with slight knee flexion (2 points), resulting in a total of
4 points in Section A.

The weight of the dishes and the effort required to stabilize slippery items resulted in an additional
3 points in Section A, bringing the total to 7 points. The upper arm reaches flexion above 90° (6
points), the forearm bends between 60° and 100° (2 points), and the wrist shows flexion/extension
greater than 15° with lateral deviation/twisting (1 point), totaling 9 points in Section B. The grip
was considered poor due to the wet dishes, adding 3 points.

3.2.5. RULA
The assessment of the right upper limb, shown in Figure 4, focuses on the postures and
movements adopted during the task, as this limb is responsible for handling and coordinating the
water jet, in addition to holding and adjusting the dish [15]. The combination of continuous
movements and repetitive postures requires a detailed analysis, particularly considering
biomechanical loads and the risk of musculoskeletal injuries.
e Arm: Flexion between 20° and 40°, adjusting the jet and repositioning the dish,
especially when it is larger or slippery.
e Forearm: Maintains flexion between 80° and 100°, allowing control of the jet and elbow
stability.
e \Wrist: Moderate flexion of 10° to 15°, with radial or ulnar deviation to adjust the
trajectory of the water.
The task also involves repetitive movements to reposition the jet and adjust the dish. The neck
maintains flexion between 10° and 20° to ensure visibility of the dish, while the trunk presents
slight flexion (5° to 10°) to compensate for the depth of the sink. The posture of the lower limbs
is stable, with slight weight transfer to the right side to ensure balance.
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RULA - RAPID UPPER LIMB ASSESSMENT
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Figure 4: Evaluation of Results Obtained by the RULA Method Applied to the Right Side

The assessment of the left upper limb, shown in Figure 5, focuses on the postures and movements
adopted during the task, as this limb plays a support role, providing stabilization and adjustment
of the dish while the right limb controls the water jet. Although it is not primarily responsible for
manipulating the jet, this limb also presents significant biomechanical demands.

e Arm: Flexion between 10° and 25°, adjusting according to the position and weight of the
dish. The limb requires continuous muscle activation to stabilize utensils during the
operation.

e Forearm: Maintains flexion between 70° and 100°, necessary to hold and rotate the dish,
bringing it closer to the washing area.

o Wrist: Slight flexion between 5° and 15°, with occasional deviations to adjust the
position of the dish, compensating for instability caused by water.

The task also involves repetitive movements to rotate the dish, stabilize it, and adjust its position.
The neck maintains flexion between 10° and 20° to ensure constant visibility of the dish. The
trunk presents slight flexion (5° to 10°) and occasional rotation to reposition the dish within the
impact area of the jet. The posture of the lower limbs is stable, with adjustments of the left foot
to facilitate reach and stabilization of the dish.
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RULA - RAPID UPPER LIMB ASSESSMENT
Folha de Avaliag3o de um Posto de Trabalho, Adaptado de Proformix, RULA Employee Assessment Worksheet
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Figure 5: Evaluation of Results Obtained by the RULA Method Applied to the Left Side

3.3. RESULTS OF THE ANALYSIS OF COGNITIVE WELL-BEING
The task requires a high mental workload due to repetition and the need for constant precision, in
addition to managing time pressure during peak work periods. Visual-motor coordination is
essential, particularly when handling the water jet, and error prevention is crucial to avoid
splashing and burns.
To assess these demands, the following tools were used:
e NASA-TLX: Analysed mental, physical, and temporal effort, identifying an increase in
cognitive workload due to jet control and the coordination required [4].
e GOMS: Action decomposition, highlighting potential errors such as delayed jet
adjustments or incorrect positioning of the dish.
o SWAT: Assessed how time pressure and continuous effort increase cognitive stress,
especially during periods of high demand [4].
e SHERPA: Identified potential failures, such as incorrect utensil selection or changes in
the washing sequence.

3.3.1. NASA-TLX

The NASA-TLX assessment grid, shown in Figure 6, was completed to measure perceived
workload.
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NASA TLX

Referéncias: Hart, 5.G. & Staveland, L E, Development of NASA TLX (Task Load Index): Results of empirical and theoretical research, in P. A. Hancock and N,

Meshiati, Human Mental Workload, Amsterdam: North Holland Press, 1988,

Demanda

Critérios

1. Demanda mental (MD)

Quanto de atividade mental e de percepgio fol exigido pela tarefa?
Essa demanda estd relacionada s atividades de pansar, radiocinar, perceber, decidir, calcular, lembrar, procurar e pesquisar. A tarefa foll
facil ou dificil, smples ou complexa, de alta ou baixa exigéncia?

2. Demanda fisica (PD)

Quanto de atividade fisica foi exigido?
Essa demanda esta refacionada a esforgos como empurrar, puxer, girar, controlar e ativar. Também indlul as exigéncias de calor, frio e
vibragdo. A tarefa foi facil ou dificl, rapida e estimulante oudevagar e cansabva, Vigorosa ou lenta, de alta ou baa exgéncia?

3. Demanda temporal (TD)

Quanto de pressao de tempo foi imposto para se corseguir © resultado em razio do ntmo de trabalho imposte?
Também Inclul avaliacdo do ritmo de trabalho: l2nto, normal ou rapldo?

4. Performance (OP)

Houve éxito 3o realizar o trabalho?
Quanto ficou satisfelto com o seu préprio desempanho no trabalho?
Essa demanda esta relacionada a realizagio do objetivo (pessosl ou prafissional).

5. Esforgo/ Empenho (EF)

Quanto de esfergo {fisico ou mental) foi necessirio para conseguir o resultado do trabalhe?
Essa demanda é relativa  carga de trabalho e 3 necassidade de empenho para conseguir o resultado.

6. Frustragdo (FR)

Qusainto de inseguranga, desiinimo, irritagio, de estresse ou aborredmento o individuo teve ao longo da jormada de tratalho?
Essa demanda esta relacionada com os sentimentos de inseguranga, desanimo e irritagao ao realizar a atividade.

1. Comparagdo de escalas: Escolha, entre cada par de escalas, a exigéncia predominante no trabalho:

1. Demanda mental X Demanda fislca PD 9. Performance X Frustacio FR
2. Demanda temporal X Demanda fisica TD 10. Frustrag@o X Demanda mental FR
3. Demanda temporal X Frustracdo TD 11. Esforgo X Demanda fisica EF
4. Demanda temporal X Demanda mental D 12. Performance X Esforgo EF
5. Performance X Demanda fisica PD 13. Esforgo X Demanda mental EF
6. Demanda temporal X Esforgo D 14. Demanda temporal X Performance T
7. Performance X Demanda mental MD 15. Esforgo X Frustragio EF
8. Nivel de frustracdo X Demanda fisica PD
2. Classificagdo: Em cada fator, selecione qual escala representa a exigéncia/ intensidade em relagio ao seu trabalho:
1. Demanda mental (MD) Baixa o | 0| 2| 30| 4]|s0|e]| 7]/ s]|s]|1w Alta 40
2. Demanda fisica (PD) Balxa 0 10| 20| 30| a0 )] so] s0o| 70| s | %0 | 100 Alta 80
3. Demanda temporal (D) Baixa o | 10| 20| 30| 4| so| s | 70| 8| 9% |10 Alta 90
4. Performance (OP) Excelente 0 10| 20| 30| 40| so] 6 | 70| s0| % | 100 Ruim 30
5. Esforgo/ Empenho (EF) Baixo 0 10 20 30 40 50 50 70 0 50 100 Alto 80
6. Frustragdo (FR) Balxa 0 10| 20| 30| 4| s0o| s | 70| s | s | w00 Alta 50
3. Resultados:
Fator N2 de vezes als;:;lndo - ftem1 chsslfkat;lo“nl :(ah -item 2 [ pe:l:::“l bu::;:;zg.a
[Ajuste/15])
1. Demanda mental (MD) 1 40 40 2,7
2. Demands fisica (PD) 3 80 240 16
3. Demanda temporal (TD} 5 a0 450 30
4. Performance (OP) 0 30 0 0
5. Esforgo/ Empenho (EF) 4 80 320 213
6. Frustragao (FR) 2 50 100 6,7
Soma dos indices de carga: 76,7
NDICE DE CARGA GLOBAL (soma dos indices individuais/15): 5,1
Adaptado por Higor M £l Frg Certificado pela ABERGO (SisCER 128/2010).

Figure 6: Evaluation of Results Obtained Using the NASA-TLX Tool
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The overall index of 5.1 indicates a moderate workload, with a high temporal demand, where the
main source of strain is the fast work pace and the need to prevent the accumulation of trays.
Physical demand is high, generating muscular fatigue due to the continuous handling of the water
jet and heavy utensils. Mental demand is low, focusing mainly on avoiding splashing and ensuring
effective cleaning. Performance does not generate significant pressure, and frustration is
moderate, associated with heat, humidity, and noise.

In summary, the task is physically demanding, with strong temporal pressure but low cognitive
complexity.

3.3.2. SWAT
The application of the SWAT methodology to the task revealed the following results:

e Time (T): High level
The task is highly constrained by the fast pace of the kitchen and dishwashing area. The worker
must maintain a constant workflow to avoid the accumulation of utensils, with short response
times, especially during peak periods.

e Stress (S): Medium to High level
The work environment is demanding, with heat, high humidity, intense noise, and constant
splashing. The pressure to correctly direct the water jet and avoid burns or accidents increases
emotional strain, particularly during peak workload periods.

o Effort (E): High level
Physical effort is significant due to the continuous handling of the pressure jet, the transport of
heavy utensils, and prolonged standing work. Muscular load accumulates throughout the shift,
especially during periods of high utensil flow.
The combination of temporal pressure, physical effort, and stress results in a high workload,
where speed and physical endurance are essential for task performance.

3.3.3. SHERPA

The application of the SHERPA method, presented in Table 4, identified frequent human errors,
such as incorrect actions and inappropriate decisions, caused by time pressure, fatigue, humidity,
and tray instability. The consequences include dish dropping, splashing, burns, and rework.

The proposed measures include ergonomic improvements, standardization of methods, visual

signage, and adjustments to the layout and equipment, aiming to reduce errors and improve
safety [20].
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Table 4: Evaluation of Results Obtained by the SHERPA Tool

Type of Error Preventive
Task step yp - Consequence Probable cause
error dESCI’IptIOH measures
Improve support
. . area; optimise
. Falling tray; Wet and slippe .
Remove Holding the tray g y -pp Y height of
. splashes; risk trays; rushing;
trays from . in an unstable . . supports;
Action error o of burns from improper grip; .
the tray manner or tilting . . introduce non-
. hot dishes; limited torso .
holder it too much . slip handles;
breakages position -
training on safe
handling
Limit the number
Transportin Fallin . of trays per
. P 5 £ Excessive load; yS P
Transporting several trays crockery; transport;
Sequence . . . attempt to speed .
trays to the simultaneously, increased risk reorganise
. error .. .. up the process;
kitchen area compromising of injury; layout; create
o S cramped space .
stability contamination visual
nstructions
Splashes; risk . Adjust jet
L . P High water Just] .
Directing the jet of burns; pressure; provide
Use the . pressure; arm . .
. . to the wrong area  excessive . nstructions on
pressurised Action error . . fatigue; unstable .
. or too close to the  moisture in the . .. safe distance;
water jet . grip; conditioned . .
operator workstation; 1mprove grip
. reflexes .
increased effort ergonomics
. Increased joint  Inappropriate Adjust cano
Choosing poor L. J PPIop . .J . Py
Place heavy .. e strain; risk of counter height; height; improve
Decision positioning, . S L
crockery .. dropping partial vision due  lighting; support
. error requiring postural . .
under the jet . dishes; reduced  to steam; visual brackets for
compensation . .
efficiency fatigue heavy crockery
Technique
Rework; . .. d
Remove Do not | d Repetitive training; short
. . . rolonge
stubborn dirt  Recovery immediately P g movements; lack scheduled
. exposure to the .
with a error correct pressure .. of tactile breaks;
. jet; increased . .
targeted jet or angle errors . feedback; rushing  ergonomic
fatigue .
feedback jet
Redesign of the
Place Failure t Limited t
ailure to ensure . imited space; antry;
washed . Dish breakage; P p . ry .
. . Error of that crockery is o overloaded delimitation of
dishes in the .. contamination; .
. omission properly placed cupboards; rush to  zones; review of
kitchen to rework .
. and stable free up space available
drain .
capacity
3.3.4. GOMS

The application of the GOMS method revealed the following points:

e Goals: Assess dirt, adjust the jet, remove residues, and transfer the dishes to the
dishwashing area.

e Operators: The task requires continuous attention, manual coordination, and postural

control.

e Method: The sequence involves adjusting the jet, applying it, repositioning the dish, and
transporting it to the dishwashing area.

e Selection Rules: The worker adapts to the environment by adjusting jet force, stabilizing
lightweight utensils, and prioritizing larger items in cases of accumulation.

International Symposium on Occupational Safety and Hygiene: Proceedings Book of the SHO2026

| 411



Integrated Evaluation in a Production Unit Food from the Perspective of Industry 5.0

3.4. RESULTS OF THE ANALYSIS OF EMOTIONAL AND PSYCHOSOCIAL WELL-
BEING

Emotional and psychosocial well-being refers to the worker’s psychological state, including
stress, mental fatigue, and motivation. In this activity, time pressure and low autonomy are
exacerbated by task repetitiveness and a fast work pace. The work environment, characterized by
noise, heat, and steam, contributes to emotional wear and overload. The lack of structured breaks
increases monotony.
The assessment was conducted using the following tools:

e HSE Standards: Noise and pressure increase stress levels.

e OPSOQ: Identified monotony and fatigue.

e JCQ: Low autonomy increases stress.

e ERI: Effort is not adequately rewarded, leading to feelings of undervaluation.

e WHO-5: Heat and noise reduce well-being and vitality.

3.4.1. HSE STANDARDS

The analysis of emotional and psychosocial well-being focused on how physical and
environmental demands affect the worker’s mental health and well-being during the task,
identifying sources of stress and psychological overload [3].

The task presents high physical and mental demands, with low control and strong time pressure.
Regarding demands, the task imposes continuous handling of the water jet (physical), constant
attention to avoid burns (mental), and pressure due to dish accumulation (emotional). Control is
minimal, with the pace dictated by the workflow and lacking natural breaks. Support is limited to
informal peer assistance, without an organisational structure. Relationships are cooperative but
tense during peak periods. The worker's role is clear, albeit with a perception of overload. Finally,
frequent change in the layout and workflow exacerbates the mental workload, highlighting the
need for organisational improvements.

The analysis indicates that organizational improvements are necessary to reduce emotional and
psychological load.

3.4.2. COPSOQ_

The application of the COPSOQ identified a high psychosocial risk. Regarding work demands,
the task imposes cognitive load through constant attention, emotional strain associated with a
sense of urgency in an adverse environment, and fatigue resulting from continuous and repetitive
movements. In terms of work organisation and social relations, autonomy is reduced by the flow
of trays, and support is strictly informal, lacking structured breaks. Relationships remain positive,
manifesting tensions during peak service periods. Concerning values, justice, and leadership,
there is a lack of recognition, unequal task distribution, and reactive communication from
management, resulting in the perception that the role, although essential, is undervalued.

3.4.3. JCQ_

The task of washing dishes using the water jet presents high demands and low control, configuring
a “job strain” scenario.

Regarding job demands, the intense physical effort due to the continuous handling of the water
jet and thermal exposure is combined with pace-related pressure to prevent dish accumulation, as
well as the emotional strain of constant vigilance against burns and splashes. Decision latitude is
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reduced, with the worker having little autonomy over the organisation and pace of the task. With
limited organisational social support, restricted to informal peer assistance and few structured
breaks, this combination exacerbates stress and fatigue, highlighting the need for improvements
in work control and organisation.

34.4. ERI

The analysis using the ERI model revealed a significant imbalance between the effort expended
and the reward obtained. Regarding effort, the continuous handling of the water jet, exposure to
heat, steam, and humidity, as well as the moving of heavy dishes, represent an intense physical
load. To this is added the cognitive demand of constant attention to dirt and water flow,
exacerbated during peak service periods. In terms of reward, there is limited formal recognition
given the essential nature of the task, support restricted to informal peer assistance without a
supporting organisational structure, and the presence of burn risks without adequate safety
measures. This disproportion culminates in a clear imbalance, where the worker's commitment is
not compensated by adequate recognition or support, generating negative emotional
consequences where the perception of injustice exacerbates stress and fatigue.

4. DISCUSSION

4.1. DISCUSSION OF RESULTS

The integrated assessment of the dishwashing workstation reveals a high level of risk across
multiple dimensions, highlighting the urgent need for intervention under the Industry 5.0
framework. The convergence of results from various methods provides a holistic view of the
worker's burden, where physical strain is exacerbated by cognitive pressure and psychosocial
imbalances.

In the physical domain, the results of the NIOSH’91 Equation present a Lifting Index (LI) of
0.4347, situating it below the safety threshold of 1.0. This indicates that the weight of the trays
and pots does not, in itself, represent a direct risk of lumbar injury. However, the 5X5 Matrix
identifies that the environmental context is critical: the risk of burns (FXG = 12) was classified
as "High", requiring immediate action due to contact with steam and hot water, while the dropping
of wet and slippery loads (FXG = 8) presents a "Moderate" risk, exacerbated by frequently wet
floors. It is necessary to plan preventive actions to minimize the likelihood of falls, especially in
environments with slippery floors due to water or other liquids [21]. This environmental hazard
is directly reflected in posture and physical exertion. The REBA (11) and RULA (7) scores
indicate the need for immediate intervention, highlighting that the inadequate height of the sink
and the force required to operate the jet spray force the worker into extreme postures of trunk
flexion and repetitive effort [19]. The analysis of working conditions suggests that the
organisation of space is essential to minimise this impact, a finding validated by the Nordic
Questionnaire, where the reported symptomatology confirms that physical demands are
outstripping recovery capacity.

This physical risk does not occur in isolation, being fuelled by a strong mental component. The
NASA-TLX revealed an overall index of 5.1 (moderate load), but with a high "temporal demand";
the fast pace to prevent the accumulation of trays is the primary source of stress. The SWAT
method reinforces this conclusion, demonstrating that the combination of time pressure, physical
effort, and stress results in a high workload. The application of the GOMS and SHERPA models
allowed for the perception that, although the task has low cognitive complexity, its repetitive

International Symposium on Occupational Safety and Hygiene: Proceedings Book of the SHO2026

| 413



Integrated Evaluation in a Production Unit Food from the Perspective of Industry 5.0

structure induces error. Ergonomic improvements and the standardisation of methods could
reduce this cognitive load and improve process fluidity.

From a psychosocial and organisational perspective, the HSE Standards, JCQ, and ERI analyses
converge towards a "High Strain" scenario. The combination of high demands with low control
and moderate social support significantly increases fatigue. The imbalance between the effort
expended and organisational rewards, measured by the ERI and reflected in the WHO-5,
compromises the worker's emotional well-being, opposing the principles of Industry 5.0.

To align this workstation with Industry 5.0, the discussion must focus not on the weight of loads
(since the LI is 0.4347), but rather on ergonomic design and technological integration.
Improvements such as height-adjustable sinks are essential to reduce REBA/RULA indices.
Concurrently, collaborative systems or automatic jet stabilisers should be explored to reduce
cognitive load and temporal pressure.

4.2. COMPARISON OF RESULTS WITH SIMILAR STUDIES

The analysis developed in this article is consistent with previous studies on manual dishwashing
tasks in food service settings. Chim (2006), in the study “Ergonomics workload analysis for the
prevention of musculoskeletal disorders in food services in the health sector”, identified manual
dishwashing as one of the tasks with the highest physical demands and greatest perceived effort
when compared to other activities performed in industrial kitchens. The study highlighted the
presence of repetitive movements, sustained postures, prolonged standing, and a high work
pace—factors associated with an increased risk of musculoskeletal disorders [6].

Similarly, the present study demonstrates that dishwashing using a spray gun also involves high
biomechanical and psychosocial workload, as confirmed by postural assessments and the
identified time pressure. Although Chim (2006) focused on conventional manual dishwashing,
there is clear convergence regarding the nature of the associated risks.

However, the use of a spray gun introduces additional demands related to prolonged equipment
gripping, jet control, and the risk of splashing and burns. Thus, this article provides a more in-
depth analysis of a specific variant of the dishwashing task, reinforcing the need for ergonomic
and organizational interventions aligned with the principles of Industry 5.0. Table 11, included in
Annex D, summarizes the comparison between both studies.

4.3. IDENTIFICATION OF OPPORTUNITIES AND CONSTRUCTION OF THE
TO-BE SCENARIO (INDUSTRY 5.0)
The analysis of the task “Dishwashing using a water jet” revealed significant biomechanical,
cognitive, and emotional risks. The application of the RULA method assigned a score of 7 to both
sides of the body, indicating a high-risk level and the need for immediate intervention [9]. The
observed postures include repeated neck and trunk flexion, arm elevation and abduction,
prolonged gripping of the water jet, and frequent wrist rotations. The NIOSH Equation
highlighted high physical effort associated with handling pots and trays, while the 5x5 Risk
Matrix identified relevant risks related to the dropping of wet objects and burns.
In parallel, cognitive workload was found to be high, reflecting the need to simultaneously control
the water jet, dish positioning, and work pace. Time pressure and task monotony further contribute
to emotional strain, as indicated by the SWAT, ERI, and WHO-5 methods.
The synthesis of the results obtained, and the estimated benefits associated with the
implementation of improvement measures are systematized in Table 10 of Annex B. This table
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presents a comparison between the As-Is scenario, corresponding to the current situation of the
workstation prior to intervention, and the To-Be scenario, which reflects the estimated future
condition after the implementation of the proposed improvements, as well as the expected impacts
on the worker’s health, safety, and well-being.

In view of the identified risks, the To-Be scenario proposes a set of structured improvements. At
the workstation level, the introduction of height-adjustable sinks would allow the work surface to
be adapted to the worker’s anthropometric characteristics, reducing trunk flexion and excessive
elevation of the upper limbs. The use of anti-fatigue mats would help reduce lower limb fatigue
associated with prolonged standing. Replacing the current water jet with a lighter, ergonomically
designed model, combined with an articulated support arm to bear the weight of the jet, would
significantly reduce physical effort.

The integration of smart technologies, such as automatic sensors to adjust water flow and
collaborative robots for handling heavy utensils, would further contribute to reducing cognitive
and physical workload. In addition, the implementation of scheduled micro-breaks—for example,
3 to 5 minutes every 30 minutes of activity—is recommended to reduce accumulated physical
and mental fatigue. Partial task rotation with activities involving lower physical demands would
allow variation in postural and muscular loads, while workload balancing during peak periods
would reduce time pressure and individual overload.

These organizational and ergonomic measures contribute to reducing monotony and improving
vitality and motivation, positively influencing well-being indicators assessed by the WHO-5 [26].
In terms of emotional and psychosocial well-being, strengthening operational autonomy,
combined with improved physical working conditions and more balanced work organization,
helps reduce the effort-reward imbalance, promoting greater job satisfaction and lower emotional
strain.

In summary, the implementation of these improvements would allow the transformation of the
“Dishwashing using a water jet” task from a physically demanding and repetitive process into a
more balanced, human-centered system that reduces physical and psychosocial vulnerabilities and
promotes a safer, more ergonomic, and emotionally sustainable work environment, in alignment
with the principles of Industry 5.0.

4.4. TECHNICAL AND ECONOMIC JUSTIFICATION OF THE PROPOSED
MEASURES

The analysis of the workstation “Dishwashing using a water jet” requires that the proposed
measures be both technically sound and economically viable. Following the identification of the
main physical, cognitive, and psychosocial risks, it became necessary to systematically justify the
selection of each intervention, its expected impact on worker performance and well-being, and
the way in which these measures contribute to a more efficient, safer workstation aligned with the
principles of Industry 5.0.

The selection of measures was based on three essential criteria. The first was their direct impact
on reducing the risks identified through the RULA, NIOSH, 5x5 Risk Matrix, NASA-TLX,
SWAT, and psychosocial assessment tools. The second criterion concerned the cost—benefit
relationship associated with the required investment. Finally, the compatibility of the solutions
with a human-centered model—focused on enhancing human capabilities and promoting more
sustainable work environments—was considered. Based on these criteria, interventions were
selected that directly address the root causes of forced postures, unstable load handling, and
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continuous cognitive demands, while simultaneously ensuring operational and organizational
improvements.

From a technical perspective, replacing the current water jet with a lighter, ergonomically
designed model, complemented by an articulated support arm, represents one of the most
impactful interventions. This solution reduces static load on the upper limbs, the need for
continuous gripping, and extreme joint ranges, contributing to lower RULA scores and reduced
effort as identified by the NIOSH 91 Equation. Sustained reduction of these biomechanical
demands is directly associated with a lower incidence of musculoskeletal disorders, reflected in
decreased sick leave and reduced cumulative fatigue over time.

The implementation of height-adjustable sinks, as well as adjustable workbenches and anti-slip
inclined modules, allows the workstation to be adapted to the worker’s anthropometric
characteristics, reducing trunk flexion and unsafe handling of wet dishes. In addition, the use of
anti-fatigue mats contributes to reducing lower limb fatigue associated with prolonged standing.
These measures mitigate mechanical risks identified by the 5X5 Risk Matrix and promote greater
postural comfort, supporting sustained performance throughout the shift and reducing
interruptions caused by physical discomfort.

At the cognitive level, the introduction of automatic dish-detection sensors and adaptive water-
pressure control systems reduces the need for constant decision-making and continuous
monitoring, directly impacting the reduction of mental workload as assessed by NASA-TLX
and SWAT. Furthermore, the use of collaborative robots (cobots) to assist with the transport of
heavy utensils significantly reduces physical effort and the risk of injuries associated with
repetitive load handling. Stabilizing physical and cognitive demands contributes to lower
psychological strain, a critical factor in reducing turnover in workstations characterized by
repetitive and demanding tasks.

Additional measures, such as the use of high-grip gloves, anti-slip surfaces, and effective
ventilation systems, enhance safety and thermal comfort, positively influencing emotional well-
being indicators assessed by the WHO-5 and ERI instruments. A more stable and comfortable
environment supports higher levels of motivation and job satisfaction—factors widely recognized
as key determinants of worker retention and reduced absenteeism.

From an economic perspective, the proposed set of measures presents a favorable cost—benefit
ratio. The most significant investments, such as the articulated arm, smart sensors, and cobots,
correspond to structural improvements with measurable returns, reflected in reduced sick leave,
lower turnover, and increased productivity resulting from a more stable work pace, fewer errors,
and reduced rework. The phased implementation of solutions also allows costs to be distributed
over time, beginning with low-investment, high-impact interventions such as layout
reorganization, partial task rotation, and improvements to support surfaces.

In summary, the technical, economic, and organizational justification demonstrates that the
proposed measures not only effectively reduce the identified risks but also generate sustainable
gains in health, well-being, and performance. The evolution of the workstation toward a hybrid
human—technology system embodies the principles of Industry 5.0, promoting a safer, more
efficient, and more resilient work environment, with clear benefits for both the worker and the
organization.

5. CONCLUSIONS

The article conducted a comprehensive assessment of the working conditions associated with jet
dishwashing, considering physical, cognitive, and emotional risks simultaneously. The combined
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use of assessment tools made it possible to accurately identify the factors that affect the worker's
comfort, safety, and emotional balance.

The analysis revealed high levels of physical exertion, repetitive movements, monotony, time
pressure and limited autonomy, aspects that contribute to greater wear and tear and potential
impairment of performance. In view of these results, it became clear that there was a need to
review the workplace and the methods used.

Based on Industry 5.0 principles, proposals have been outlined that include ergonomic
improvements, task reorganisation, digital support, and the integration of smart technologies that
facilitate work. These interventions seek to reduce physical and mental strain, improve workflow,
and promote a more balanced and human-centred working environment.

In short, it reinforces the importance of an integrated approach to occupational health and safety,
capable of preventing injuries, supporting emotional well-being and contributing to more efficient
and sustainable operations.

ACKNOWLEDGEMENTS AND FUNDING

We would like to express our sincere gratitude to all those who contributed to the development
and completion of this work.

First and foremost, we would like to thank our supervisors, Professors Marlene Brito and Maria
Anténia Gongalves, for their invaluable guidance, support, and encouragement throughout this
research. Their expertise, insightful feedback, and dedication were essential in shaping the quality
of this study.

We would also like to thank all colleagues and participants who generously provided their time,
knowledge, and assistance during the data collection and analysis phases. Their cooperation made
it possible for our team to carry out this work effectively.

Finally, we extend our heartfelt thanks to our families and friends for their constant
encouragement and understanding during the preparation of this work.

This research would not have been possible without the support of all these individuals, to whom
we are deeply grateful.

REFERENCES

[1] Agency for Healthcare Research and Quality. (n.d.). Digital Healthcare Research. Retrieved from
Goals, Operators, Methods, and Selection Rules: https://digital.ahrq.gov/health-it-tools-and-
resources/evaluation-resources/workflow-assessment-health-it-toolkit/all-workflow-tools/goms

[2] Breque, M., Nul, L. D., & Petridis, A. (2021). Industry 5.0: Towards a sustainable, human-centric
and resilient European industry. European Commission , Directorate-General for Research and
Innovation. Brussels: Publications Office of the European Union. Retrieved from
https://op.europa.eu/en/publication-detail/-/publication/468a892a-5097-11eb-b59f-01aa75ed71al/

[3] Brookes, K. (2013). Sysrematic review: work-related stress and the HSE management standards.
Occupaational medicine 63.7, 463-472.

[4] Cardoso, M. d., & Gontijo, L. A. (2012). Avaliagdo da carga mental de trabalho ¢ do desempenho de
medidas de mensuragdo: NASA TLX e SWAT. Gestdo & Porducdo, 19, 873-884.

[5] Cassinelli, M. E., & O'Connor, P. F. (1994). NIOSH manual of analytical methods. National Institute
fos Occupational Safety and Health.

[6] Chim, J. M. (2006, Janeiro). Ergonomics Workload Analysis For The Prevention of Musculoskeletal
Disorders in Food Services in The Health Sector. Human Factors & Ergonomics Society of Australia,

p. 9.

International Symposium on Occupational Safety and Hygiene: Proceedings Book of the SHO2026

| 417



[11]

[12]

[13]

[14]

[17]

Integrated Evaluation in a Production Unit Food from the Perspective of Industry 5.0

Cousins, R., MacKay, C. J., Clarke, S. D., Kelly, C., Kelly, P. J., & McCaig, R. (2004, Abril).
'Management Standards' and work-related stress in the UK: Practical development. Work & Stress,
18, pp. 113-136. Retrieved from
https://www.researchgate.net/publication/228975882 'Management Standards' and work-

related stress in the UK Practical development

Embrey, D. (1986, Abril). SHERPA: A systematic human error reduction and prediction approach.
Contemporary Ergonomics 1984-2008: Selected papers and an overview of the Ergonomics Society
Annual Conference, pp. 113-119. Retrieved from https://books.google.pt/books?hl=pt-
PT&Ir=&id=DyPOBQAAQBAJ&oi=fnd&pg=PA113&dq=SHERPA:+A-+systematicthuman+error
+reductiontand+predictiontapproach&ots=T5XUOVP4il &sig=0CZNdSqMWOGIfEplbb7XsOm8
Td8&redir_esc=y#v=onepage&q=SHERPA%3A%20A%20systematic%20human%?20er
Gomez-Galan, M., Callejon-Ferre, A., Pérez-Alonso, J., Diaz-Pérez, M., & Carrillo-Castrillo, J.
(2020). Musculosketal risks: RULA bibiometric review. International journal of environmental
research and public health 17(12), 4354.

Gongalves, M. A., & Brito, M. (2025). Higiene, Seguranca ¢ Saude no Trabalho - Riscos MMC:
Equagao de NIOSH'91. Retrieved from
https://moodle.isep.ipp.pt/pluginfile.php/54276/mod_resource/content/1/2.1 HST Riscos%20de%?2
OMMC_ Eq%20NIOSH.pdf

Goz, E., & Goz, A. (2025, Maio 28). Investigation of Ergonomic Risk Factors, Musculoskeletal
System Problems, and Physical Workload in Kitchen Workers. Akdeniz Medical Journal, 11, pp. 180-
186. Retrieved from

https://www.researchgate.net/publication/391985179 Investigation _of Ergonomic Risk Factors M
usculoskeletal System Problems and Physical Workload in Kitchen Workers

Hart, S. G., & Staveland, L. E. (1998). Development of NASA-TLX (Task Load Index): Results of
Empirical and Theoretical Research. Advances in Psychology, 52, pp. 139-183. Retrieved from
https://www.sciencedirect.com/science/chapter/bookseries/abs/pii/S0166411508623869

Hignett, S., & Mcatamney, L. (2000, Maio). Rapid entire body assessment (REBA). Applied
Ergonomics, 31, pp. 201-205. Retrieved from

https://www.researchgate.net/publication/12603778 Rapid entire_body assessment REBA
Karasek, R., Brisson, C., Kawakami, N., Houtman, 1., Bongers, P., & Amick, B. (1998, Outubro). The
Job Content Questionnaire (JCQ): An Instrument for Internationally Comparative Assessments of
Psychosocial Job Characteristics. Journal of Occupational Health Psychology, 3, pp. 322-355. Retrieved
from

https://www.researchgate.net/publication/13481816 The Job Content Questionnaire JCQ An_Instru
ment for Internationally Comparative Assessments of Psychosocial Job Characteristics

Kee, D. (2022). Systematic comparison of OWAS, RULA, and REBA based on a literature review.
International Journal of Environmental Research and Public Health 19(1), 595.

Kristensen, T. S., Hannerz, H., Hogh, A., & Borg, V. (2006, Janeiro). The Copenhagen Psychosocial
Questionnaire—a tool for the assessment and improvement of the psychosocial work environment.
Scandinavian Journal of Work, Environment & Health, 31, pp. 438-449. Retrieved from
https://www.researchgate.net/publication/7346426 The Copenhagen Psychosocial Questionnaire-
a_tool for the assessment and improvement of the psychosocial work environment

Kuorinka, L., Jonsson, B., Vinterberg, H., Biering-Sorensen, F., Andersson, G., & Jorgensen, K. (1987,
Setembro). Standardised Nordic questionnaires for the analysis of musculoskeletal symptoms. Applied
Ergonomics, 18, pp. 233-237. Retrieved from
https://www.sciencedirect.com/science/article/abs/pii/000368708790010X

McAtamney, L., & Corlett, E. N. (1993, Abril). RULA: a survey method for the investigation of work-
related upper limb disorders. Applied Ergonomics, 24, pp. 91-99. Retrieved from
https://www.sciencedirect.com/science/article/abs/pii/000368709390080S

International Symposium on Occupational Safety and Hygiene: Proceedings Book of the SHO2026

| 418



Integrated Evaluation in a Production Unit Food from the Perspective of Industry 5.0

[19] Moreira, C., & Neto, H. V. (2020). Fadiga e lesdo musculo-esqueléticas relacionadas com o trabalho
em atividades de cozinha de restaurante. Cesqua - Cadernos de Engenharia de Seguranca, Qualidade
e Ambiente 1.3, 65-83.

[20] Pasquale, V. D. (2015). A simulator for human error probability analysis (SHERPA). Reliability
engineering & system safety 139, 17-32.

[21] Peixoto, P. G., Oliveira, H. S., & Lima, G. B. (n.d.). Analise de riscos aplicada a cozinha industrial de
um restaurante de institui¢do de ensino superior. Simpdsio de Engenhariade Produgéo Universidade
Federal de Goias- Regional Cataldo, 28.

[22] Reid, G. B., & Nygren, T. E. (1998). The Subjective Workload Assessment Technique: A Scaling
Procedure for Measuring Mental Workload. Advances in Psychology, 52, pp. 185-218. Retrieved from
https://www.sciencedirect.com/science/chapter/bookseries/abs/pii/S0166411508623870

[23] Santos, V. M., Santos, J. W., & Alsina, O. L. (2015). Aplicagdo do questionario nérdico
musculoesquelético para estimar a prevaléncia de distirbios osteomusculares relacionados ao trabalho
em operarias sob pressdo temporal. Anais do Encontro Nacional de Engenharia de Producéo -
Enegep.

[24] Serranheira, F. (2006). Avalia¢do do risco de LMEMSLT: aplicag¢do dos métodos RULA e SI. Revista
Portuguesa de Saide Publica, 6, 13-36.

[25] Siegrist, J. (1996, Janeiro). Adverse Health Effects of High-Effort/Low-Reward Conditions. Journal
of Occupational Health Psychology, 1, pp. 27-41. Retrieved from
https://www.researchgate.net/publication/374668839 Adverse Health Effects of High-EffortLow-
Reward Conditions

[26] Topp, C. W., Ostergaard, S. D., Sendergaard, S., & Bech, P. (2015). The WHO-5 Well-Being Index:
a systematic review of the literature. Psychotherapy and psychosomatics, 84(3), 167-176.

[27] Topp, C. W., Ostergaard, S. D., Sondergaard, S., & Bech, P. (2015, Abril). The WHO-5 Well-Being
Index: A systematic review of the literature. PSychotherapy and psychosomatics, 84, pp. 167-176.
Retrieved from https://www.researchgate.net/publication/274399862 The WHO-5 Well-
Being Index A systematic review of the literature

[28] Waters, T. R., Anderson, V. P., Garg, A., & Fine, L. (1993, Agosto). Revised NIOSH Equation for
the design and evaluation of manual lifting tasks. Ergonomics, 36, pp. 749-776. Retrieved from
https://www.researchgate.net/publication/14859018 Revised NIOSH Equation for the design an
d_evaluation of manual lifting tasks

[29] Witasari, N., Wardani, Y., & Hariyono, W. (2026, Janeiro 26). Reflection Journal. Workload
Dimensions of Kitchen Workers and Their Health Impacts: A Systematic Review Based on NASA-
TLX, 6(1), pp- 14-26. Retrieved from https://journal-
center.litpam.com/index.php/RJ/article/view/4473

International Symposium on Occupational Safety and Hygiene: Proceedings Book of the SHO2026

| 419



Integrated Evaluation in a Production Unit Food from the Perspective of Industry 5.0

Annex
Annex A — Integrated Risk Assessment — Physical Well-being

Table 5 - Risk assessment methods for each operation

Task Operations Risk Description Risk Ideal method
D to the spine, k NIOSH’91
ana;(r;;asge o the spine, knees and Biomechanical EOSatiO?l
Carry the trays/pots qu
Falling wet and slippery loads Mechanical 5x5 Matrix
Washthe g e dishes in th
dishes with a Htthe dishes e Spinal damage Biomechanical REBA
. kitchen
jet
Use the jet to Burns Physical 5X5 Matrix

remove dirt . . .
Damage to the wrists and forearms Biomechanical RULA

Table 6 - Grip Multipliers

Grip multipliers
Grip quality
V<75cm V=>75cm
Good 1.00 1.00
Acceptable 0.95 1.00
Poor 0.90 0.90

Table 7 - Grip Quality

Grip Quality Conditions

W <40 cm, H <30 cm and good grips or cut-outs
Grip length>11.5cmand 2 <@ <4 cm

Good Easy to handle due to the presence of points that
are easy to grip

Grip surface allowing good grip with the hand
Object with structural rigidity and

W <40 cm, H <30 cm and poor grips or cut-outs,
Acceptable or

W <40 cm, H <30 cm and angle of fingers to
palm < 90°

W >40 cm

or H>30 cm

or difficulty in picking up

Poor . Lo
or unstable centre of gravity (liquids, granular

materials, etc.)
or asymmetrical centre of gravity
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Table 8 - Frequency Multiplier

Frsqueey Duration of period with lifting tasks, T
(:;tztz‘;r T<Ih 1<T<2h 2<T<8h

(1 V<75 V=75 V<75 V=75 V<75 V=75

0.2 1.00 1.00 0.95 0.95 0.85 0.85

0.5 0.97 0.97 0.92 0.92 0.81 0.81
1 0.94 0.94 0.88 0.88 0.75 0.75
2 0.91 0.91 0.84 0.84 0.65 0.65
3 0.88 0.88 0.79 0.79 0.55 0.55
4 0.84 0.84 0.72 0.72 0.45 0.45
5 0.80 0.80 0.60 0.60 0.35 0.35
6 0.75 0.75 0.50 0.50 0.27 0.27
7 0.70 0.70 0.42 0.42 0.22 0.22
8 0.60 0.60 0.35 0.35 0.18 0.18
9 0.52 0.52 0.30 0.30 0.00 0.15
10 0.45 0.45 0.26 0.26 0.00 0.13
11 0.41 0.41 0.00 0.23 0.00 0.00
12 0.37 0.37 0.00 0.21 0.00 0.00
13 0.00 0.34 0.00 0.00 0.00 0.00
14 0.00 0.31 0.00 0.00 0.00 0.00
15 0.00 0.28 0.00 0.00 0.00 0.00

>15 0.00 0.00 0.00 0.00 0.00 0.00

(1) For frequencies lower than 1 in every 5 minutes, consider F = 0.2
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Table 9 - 5x5 Matrix

1 2 3 4 5
Insignificant Slight Moderate Severe Catastrophic
1 Very unlikely 1 2 3 4 5
2 Unlikely 2
3 Possible 3
4 Likely 4
5 Very likely 5
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Annex B — Identification of Opportunities and Construction of the To-Be Scenario

(Industry 5.0)

Table 10 - As-Is vs. To-Be Comparison

Risk Method As-Is To-Be Health and wellbeing benefits
Physical wellbeing
RWL =3.28 kg; high | Increased RWL (|
fi fi
) requency req.uency./ L | lumbar risk; | physical
. . NIOSH’91 (Frequency effective weight); . oo
Biomechanical . . s exertion; | likelihood of
Equation Multiplier = 0.42); effort within chronic pain
effort close to/above recommended P
recommended limits
. Falling wet and
Fall t
. . alling wet and slippery loads = 4 | probability of accidents; |
Mechanical and . slippery loads = 8 = .
. 5%5 Matrix =low severity of consequences; 1
Physical moderate Burns =6 = operational safe
Burns = 12 = high P vy
moderate
45 | strain on the spine and
Biomechanical REBA 1.1 . Moderate to low shou}ders; I postural comfort
Very high risk . | discomfort throughout the
risk .
shift
| risk of musculoskeletal
. . injuries in the upper limbs; |
B h 1 RULA -4
tomechanica v ! 3 muscle fatigue; | likelihood
of chronic pain
Cognitive wellbeing
High overall mental
load, with emphasis | cognitive overload; |
M 1
High mental load | NASA-TLX on physical oderlate dmenta mental fatigue; 1 sustained
demands, effort and oa performance
frustration
Stress associated High time demands Moderate time .
1 . . | operational stress; 1
with time and SWAT and continuous commitment and .
. perceived control of the task
effort physical effort effort
Sequence of
Cognitive rerelf)ifr:itilt lvfoii;?;sus More stable and | need for constant decisions;
complexity of the GOMS q g_ predictable . ’
attention and 1 secure automation
task . sequence
constant micro
decisions
Moderate probability
Operational of errors due to Reduced | human error; 1 task safety
SHERPA . . . o i
human error fatigue, distraction or | probability of error and reliability
time pressure
Emotional and psychosocial wellbeing
High demands, Moderate
Occupational HSE frequent time requirements and | occupational stress; T
stress Standards pressure and little greater emotional balance
control over the pace predictability
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Risk Method As-Is To-Be Health and wellbeing benefits
Repetitiveness High repetitiveness
P . garep " | More stable rhythm | | emotional exhaustion; 1 job
and emotional COPSOQ monotony and abrupt . .
. . and less monotony satisfaction
exhaustion changes in pace
Reduced autonomy .
. .. Greater margin for .
Low operational and limited control .. . | psychological stress; 1
ICQ decision-making in
autonomy over task . sense of control
.o execution
organisation
A more balanced
High physical and
Effort-reward g' PRy . relationship | frustration; 1 motivation
. ERI emotional effort with
imbalance . .. between effort and and engagement
limited recognition i
recognition
. . Low levels of
Emotional fatigue ener itality and Moderate to high
v s . .
and reduced WHO-5 gy, Y g 1 vitality; | emotional fatigue
. wellbeing throughout | levels of wellbeing
overall wellbeing the shift
e shi
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Annex C — Cook Assessment Questionnaire
I

Questiondrio de Avaliagdo das Cozinheiras

1. Localidade:
Vilo Nose e Galda
' 2. ldade: _=,__ anos 3.Peso: _=9  Kg 4. Altura: _ ) 62
cm
3. Género:

! = Feminino

[ Masculino

4. Qual é o seu nivel de escolaridade?

I O N&o sabe ler nem escrever

[J Sabe ler e escrever

O4.2ano
| d6.2ano

d9.2ano

12.2 ano

[0 Bacharelato/Licenciatura

O Outra:

5. Efumadora?
& Sim
O Néo
6. Tem algum problema de satide?
O Sim
[d Ndo
Se sim, qual?
[0 Musculo-esquelético
[ Respiratorio
[J Dermatoldgico
O Cardiovascular
O Psiquico
[0 Neuroldgico
[ Neoplésico
O Outro:

7. Trabalha na cozinha ha quantos anos? _ 20

8. Que tipo de cozinha?
[ Restaurante

Figure 7 - Cook Assessment Questionnaire — Page 01
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[J Cantina escolar

X Unidade hospitalar
[ Padaria/pastelaria
[ Hotel

[ Catering

O Outra:

9. Em média, quanto tempo trabalha por dia?
Horas/dia: 1D Dias/semana:

10. O seu turno é normalmente:
B Manha
[ Tarde
I [ Noite

! 11. Como organiza o seu trabalho?
[0 Executo a mesma tarefa durante vdrias horas
B2 Alterno entre tarefas ao longo do dia
[ Interrompo quando estou cansada
[ Outras:

12. Faz pausas durante o trabalho?
i Sim
O Nao

13. Sente dores durante o trabalho na cozinha?
O Sim
® Nao
Se sim, onde (assinalar todas as queixas):
O Cervical
[0 Ombros
[ Cotovelos
O Punhos/mdos
[ Dorsal
O Lombar
O Ancas
O Joelhos
[ Tornozelos/pé

15. Como realiza o corte de alimentos?

[ Com faca, repetindo o movimento varias vezes
Lo+ Yo ca

Figure 8 - Cook Assessment Questionnaire — Page 02
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[0 Com faca pesada que exige forca

¥ Em bancada baixa (preciso inclinar o tronco)
[0 Em bancada alta (elevo demasiado os ombros)
[0 Com robot de cozinha

[J Outra:

16. Quando esta a levantar panelas, tabuleiros ou tachos quentes, o que faz?
[ Levanto sozinho(a)
EJ Pego ajuda

O Inclino o tronco para a frente

[J Dobro os joelhos

(4 Utilizo luvas térmicas adequadas
O Outra:

17. Para mexer panelas grandes ou caldeirdes:
[ Uso forga dos bragos
O Rodo o tronco repetidamente
[0 Aproximo-me muito da fonte de calor
[ Uso utensilios longos/adequados
[ Outra:

18. Para transportar cargas na cozinha:
O Transporto manualmente
O Transporto tabuleiros ao ombro
K Empurro carrinhos
O Transporto caixas pesadas
[0 N&o transporto cargas
O Outra:

19. Para alcancar ingredientes/equipamentos:
[ Estico os bragos acima da cabeca
[ Uso banco/escadote
[ Pego ajuda
[0 Néo fago esta tarefa

20. Trabalha exposta a:
Calor excessivo (0 Sim [® N3o
Vapor @&Sim O Nio
Ruido (exaustores/maquinas) [ Sim [ Nao

Figure 9 - Cook Assessment Questionnaire — Page 03
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Produtos quimicos de limpeza P+Sim O N&o
Fumos de fritos O Sim XNao

21. Que postura usa mais frequentemente?
O Tronco inclinado para a frente
[ Tronco torcido (rotagdo)
[ Bragos elevados ao nivel dos ombros
[ Permanéncia prolongada de pé
B Caminhar longas distancias na cozinha
O Outra:

22. Em que medida esta satisfeita com o trabalho na cozinha?
1 Muito Insatisfeita
2 Insatisfeita
3 Pouco Satisfeita
4 Satisfeita
(®Muito Satisfeita
6 Sem opinido
23. Posturas de Trabalho
Assinale as posturas que adota frequentemente:
O Trabalhar com o tronco inclinado para a frente

[ Torcer o tronco repetidamente (rotagdo para fogdo, bancada, prateleiras)

[0 Bragos elevados acima do nivel dos ombros
J Permanecer longos periodos de pé

f0 Agachar para alcangar prateleiras baixas

[J Esticar-se para prateleiras altas

O Outra:

24. Movimentos Repetitivos 1
[ Cortar, picar ou preparar alimentos manualmente
[0 Mexer panelas, tachos ou recipientes de grande volume
[ Bater massas, temperos ou misturas manualmente
] Lavar grandes quantidades de louga ou utensilios
[ Abrir e fechar portas de armérios/frigorificos continuamente
[0 Embalar ou porcionar refeigcdes
[0 Passar pratos entre bancadas ou zonas de servigo
O Outro movimento repetitivo:

Figure 10 - Cook Assessment Questionnaire — Page 04
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25. Levantamento e Transporte de Cargas:
Panelas ou tachos pesados (com alimentos ou dgua)
X Nunca [0 Raramente [J As vezes [J Frequentemente [J Sempre
Tabuleiros grandes ou cheios (ex.: assadeiras, tabuleiros de forno)
[J Nunca [0 Raramente 3 As vezes [J Frequentemente [J Sempre
Caixas de alimentos, sacos de ingredientes ou garrafoes

[ Nunca 00 Raramente [J As vezes [§ Frequentemente [J Sempre

26. Condigdes Ambientais do Posto de Trabalho
Calor e Temperatura
Calor intenso devido a fogoes, fritadeiras ou fornos?
&4 Sim O Nao
Humidade e Vapor
Exposigdo constante a vapor e humidade elevada?
B Sim O Nao
Ruido
Niveis elevados de ruido (exaustores, maquinas industriais, louga)?
& sim O Nao
| Produtos Quimicos
Contacto direto ou indireto com produtos de limpeza ou desinfe¢do?
4 Sim [ Nao
Condigdes de Piso
Pisos escorregadios, humidos ou irregulares?
X sim O N&o
Ventilagdo
Considera a ventilagdo adequada durante o seu turno?
O Sim X Nao

27. Organizagdo e Ritmo de Trabalho:
P Trabalho frequentemente acelerado devido ao horario de refeigdes
[ Pausas insuficientes ou irregulares
X Multitarefa constante (cozinhar, lavar, servir, preparar)
m Mudangas frequentes entre tarefas pesadas e tarefas precisas
[ Outra situagdo relevante:

28. Equipamentos e Ferramentas:
Altura adequada das bancadas de trabalho
0 Sim B Ndo O Parcialmente
Facas e utensilios em boas condigdes ergonémicas
B sim O N3o
Acesso facil a utensilios e ingredientes (ndo obriga a esticar/torcer)

Figure 11 - Cook Assessment Questionnaire — Page 05
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£4 Sim [0 Néo
Uso de tapetes anti-fadiga
4 sim O Nao

Figure 12 - Cook Assessment Questionnaire — Page 06
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Annex D — Comparison of Results with Similar Studies

Table 11 - Comparison of Results with Similar Studies

Aspect Chim (2006) Present study
. Global i .
Type of analysis ova ergqnomlc Integrated workstation assessment

analysis

Physical effort assessment Borg RPE Scale RULA, REBA, NIOSH’91 Equation

Physical/mechanical risk o .

ysical/mechanical s Qualitative assessment 5X5 Matrix
assessment
Generic ergonomic Ergonomic, organizational and
Improvement proposal - .

redesign technological measures
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