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Abstract. The manufacturing industry resumes operations after the COVID-19 pandemic supported by
return-to-work guidelines, which are mostly personal protection measures for the workers and employees.
In this paper, we propose a framework for assessing risk at the workstation level by linking the risk levels to
possible mitigation strategies that can be implemented using standard operating procedures (SOP), 5S and
problem-solving. Within industrial plants, operators work in close contact with coworkers and supervisors,
and they are also sharing tools and machines. It is therefore, essential to develop strategies that reduce
the operator’s exposure to viruses in the workplace. The purpose of this work is that when implemented,
the risk assessment model and specifically how SOP, 5S and problem solving can be used to implement
administrative and engineering controls resulting in a safe workplace and increasing level of confidence for
the operators working within the plant.

1

Introduction

Many uncertainties remain concerning when the COVID19 coronavirus will reach its peak in every country and
globally. At present, the therapeutic strategies to deal with
the infection are only supportive, and prevention aimed
at reducing transmission in the community is our best
weapon [2]. It is clear that COVID-19 has disrupted operations on a massive scale, challenging manufacturers to
assess the impact continually and, in the best way, respond
quickly and preventively. The manufacturing industry is
resuming operations supported by return-to-work guidelines [3–5, 9], which is providing the needed virus protection for workers and employees. Because COVID-19 cannot be eliminated and is likely to be around for a long time,
it is highly necessary to increase the safety and trust of the
workers and employees working at manufacturing sites.
Therefore, managers need guidance on how to motivate
the trust of the workers and at the same time secure the
daily production process with the safety of the employees
at the highest priority. Resuming operations while developing and implementing COVID-19 prevention measures
has been not only a challenge but also a massive learning
process where new knowledge is being developed regarding more proactive steps to avoid virus transmission in the
future.
The risk of disease transmission of COVID-19 depends
on several factors. Some of these factors are described in
the U.S. Department of Labor and U.S. Department of and
Health and Human Services’ [2] which include:
• Distance between workers. Manufacturing workers
often work close to one another on production or assembly lines. Workers may also be near one another
at other times, such as when clocking in or out, during breaks, or in locker/changing rooms.
• Duration of contact. Manufacturing workers often have prolonged closeness to coworkers (e.g., for
8–12 hours per shift). Continued contact with potentially infectious individuals increases the risk of
COVID-19 transmission.
*

• Type of contact. Manufacturing workers may be
exposed to the infectious virus through respiratory
droplets in the air —- for example, when workers in a
plant have the virus cough or sneeze. It is also possible that exposure could occur from contact with contaminated surfaces or objects, such as tools, workstations, or break room tables. Shared spaces such
as break rooms, locker rooms, and entrances/exits to
the facility may contribute to their risk.
The main contribution in this paper is a framework
that combines existing approaches to risk assessment, risk
control approaches, standard operating procedures to implement risk control, 5S, and problem-solving for a sustained improvement cycle. We provide an example of how
to the risk assessment together with the evaluation of different risk control approaches to reduce risk levels. Also,
an example of how a standard operating procedure can be
used to implement an administrative risk control approach
at the workstation level is presented.
The outline of the paper is that the different techniques
are briefly introduced in section 2. The proposed model
is presented in Section 3. In Section 4 it is discussed how
the proposed model can be continuously updated and reviewed.

2

Background

In this section, we give an introduction to the hierarchy
of controls that categorize possible means to handle hazards.

2.1

Risk analysis

Risk analysis, [1], is routinely used in the manufacturing
industry to assess the risk for physical accidents at the
workstation. However, the risk analysis in the manufacturing industry has not traditionally included potential exposure to viruses. The risk priority number (RPN), which
is the product of the severity, occurrence, and detection,
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tates communication, and increasing labor discipline. In
this work, we assume the SOP has the following characteristics.
• Simplicity and visualization, the worker immediately
easily found and understood the necessary instructions.
• OK and not OK (NOK) conditions. An easy way for
the operators to visually understand what is OK and
NOK when performing their jobs.
• The possibility of rapid changes in process parameters,
• Clarity, which ensures that every worker has all relevant activities in the process as well.
• The ability to monitor the implementation of SOP
and its impact on the process parameters.
When all workers at the workstations perform their
tasks consistently according to SOPs, less quality, delivery, and safety concerns happen in the production line. In
this paper, we discuss how SOP can be used to implement
administrative controls in HOC.

Fig. 1. Hierarchy of Controls (HOC), from [10].
is used to prioritize potential risks against each other to
focus on those risks that have the most considerable consequences. In this work, we introduce a valid and straightforward approach to risk analysis similar to the RPN approach but adapted to handle risk related to exposure to
the virus.

2.2

2.4

5S [6] stands for five Japanese words: Seiri (sort), Seiton
(set in order), Seiso (shine), Seiketsu (standardize), and
Shitsuke (sustain), is a system where waste is reduced,
safety is improved, and quality are optimized through observing an orderly work area. The 5S defines five steps.
The first step (Seiri) sort eliminates unnecessary, broken
items from the work area. The second step (Seiton) set in
order focuses on providing efficient storage areas for the
remaining items. Shine, the third step, is to clean the work
area thoroughly. Daily schedules for cleaning the area
are created to sustain these changes. Once the first three
steps have been implemented, the next step is to standardize the best practices in the work area. In this work, we
propose that SOP are created or enforced if already available. The newly developed practices are integrated into
the SOP, and they become the standard way of performing
actions.

Hierarchy of controls (HOC)

Controlling exposures to occupational hazards is the fundamental method of protecting workers. Traditionally, a
hierarchy of controls, see Fig. 1, has been used as a means
of determining how to implement feasible and effective
control solutions. Risk controls were categorized using
a modified version of the National Institute for Occupational Safety and Health (NIOSH) hierarchy of risk controls [10].
Elimination Stop using the hazardous process or materials.
Substitution Substitute a less hazardous process or material.
Engineering controls With a focus on physical barriers,
isolation, forcing functions, human factors, and failsafe design, engineering controls improve safety independent of worker interactions.
Administrative controls Policies, procedures, training,
and other controls that depend on people taking the
correct actions.
Personal protective equipment (PPE) such as facemasks, face-shields, safety glasses, and gloves.
Elimination and substitution are the most effective approaches, while PPE is typically considered the least effective approach. In this work, we mainly focus on what
can be done at the engineering control and the administrative controls level to reduce risk at the workstation.

2.3

Standard
(SOP)

Operating

5S

2.5

Problem solving

Manufacturing or safety problems need to be described
consistently and systematically to allow for a common understanding and avoid recurrence of same problems. The
following steps are a common methodology applied today
in industry for problem-solving [8]:
1. Team formation
2. Problem description
3. Interim containment action
4. Root cause analysis
5. Corrective actions
6. Validate corrective actions
7. Implement corrective actions a standardize (update
SOP)
8. Team recognition
Problem-solving in our risk assessment model supports
continuous improvement and learning loop. During the
SOP observations and dialogue between the workers and
team leaders, risks and gaps are identified and docu-

Procedures

SOP [7] has become the base for improvement in the industry with clear benefits. In the SOPs, it is precisely described how to perform the job, i.e., it describes the step
sequence. The use of SOPs typically leads to a reduction
of variation and error correction, improved safety, facili-

2

MATEC Web of Conferences 327, 03007 (2020)
ICMIE 2020

https://doi.org/10.1051/matecconf/202032703007

Table 1. Exposure and probabilities.

mented. The problem-solving process is used to learn and
continuously improve the way of working at the workstations.

3

Exposure (⇢)

Proposed model

The proposed model consists of the the following
parts.
a) Risk assessment
b) Risk control strategies
c) Continues improvement and learning with problem
solving
The risk assessment model starts with the identification
of the hazards. If we take the distance between workers as
an example, the hazards would be “social distancing not
possible with current workstation set up”. In a typical car
or truck assembly line, depending on the line-balancing
situation and volume requirement, there could be more
than two people working closely together, which would
be a high-risk situation. To determine and prioritize the
risk, a table with the exposure and probability criteria has
been defined. See Table 1. The levels of exposure ’⇢’ and
probability ’%’ should be defined by a cross-functional
team of safety experts and operations. Once ⇢ and % have
been decided, the results which are ⇢ · % is an indication
of the level of the risk. The higher the value, the higher
is the risk. The highest risk should be selected to develop
the next steps to define the administration and engineering
control actions.
The risk control strategies are based on HOC. While
HOC contains five controls, we focus on the engineering
controls and administrative control in this paper. Examples of engineering controls could be to isolate people
from exposure to the virus by, for example, separating
people from each other, this can be done by increasing the
takt-time (line balancing) and thus need fewer operators at
the workstation. Examples of administrative controls, can
be disinfection of tools before and/or after a work shift,
and how operators are expected to move within the workstation to guarantee minimum distance to other operators.
Administrative controls can preferably be documented using SOPs to ensure that all operators (experienced and inexperienced) follow the same working standard. It is taken
for granted that PPE is already widely in use at all manufacturing sites, which are providing most of the prevention
measures today. The control actions, once defined, need to
be included as OK and NOK conditions in the SOPs and
in the 5S standards to be followed by the team members
as they perform the operations at the workstations.
For continuous improvement and learning, SOPs and
5S should be the standard way of working at any manufacturing site to secure that employees adhere to safety
and health regulations. Deviations from meeting SOP and
requirements can result in errors leading to infection control. The following are some pre-requisites and methods
for effective use of the SOPs:
• Clear roles and responsibilities of the supervisors,
team leaders, and team members regarding the development, usage, and evaluation of SOPs.
• Current SOP’s availability and visibility at locations

Probability (%)

Low

1

Improbable

1

Medium
High

2

Remote

2

3

Occasional

3

Very high

4

Probable

4

Frequent

5

close to the work areas.
• Clear scheduling for SOP observation. It is recommended daily for team leaders and weekly for supervisors.
• Secure the team members can perform the job according to the SOP by providing dedicated on-thejob training.
• Confirm team members are following the SOP. A job
observation between team leaders and the team members of the workstations should be conducted daily
for effective SOP compliance.
In summary, the proposed framework are as follows:
a) Identification of the hazards.
b) Determine the risk according to the exposure ’⇢’ and
the probability ’%’, according to Table 1.
c) Determine the level of the risk by multiplying ⇢ · %.
d) Prioritize the hazards according to the risk level. Follow the sequence below for hazards, starting with those
that have the highest level of risk.
e) Determine if any administrative control or engineering
control actions are possible.
f) Calculate updated risk levels for the control actions.
g) Define OK and NOK conditions and include in SOP
and 5S.
h) Team members at workstations work according to SOP
and 5S.
i) Continuously identify deviations from SOP and 5S.
j) Apply problem-solving to improve and resolve deviations.
k) Continue to reduce the level of the hazards.
Next, we will follow up with an example of how the
proposed model can be used to evaluate different risk control strategies.

3.1

Example

In Table 2, we can describe HOC via an example, to illustrate more specifically the HOC risk assessment. Lets
develop an example with the hazard described in the previous section, which is the social distance not possible with
the current workstation setup. Before the type of HOC
actions are developed, the risk need to be decided. The
cross-functional team decided that this is a high risk of exposure to the virus transmission, which is level 3 (⇢ = 3).
The team also decided that the level of probability was frequent, which is level 5 (% = 5). Therefore the risk level in
this example is ⇢ · % = 15. The first action decided by the
team was to reduce the worker density per workstation,
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Table 2. Risk assessment model.
Hazards

⇢

%

Social distancing not possible with
current workstation set up

3

5

Social distance not possible with
current workstation set up

3

Social distance not possible with
current workstation set up

3

⇢·%

Action

new ⇢ · %

CA 1: Reduce the workers density per workstation, utilizing the
length of the chassis and the width
of the cab to meet social distancing requirements wherever possible
and max one operator per cab at
time. Use face mask all the time
and face shields where social distance requirement are not possible.

1

5

5

15

CA 2: Comply with CA 1 and integrate both the OK and NOK conditions described in SOPs and follow
5S standards.

1

3

3

5

15

CA3: Comply with CA1, CA2 and
close gaps from SOPs and 5S with
problem solving

1

2

2

5

Standard Operating Procedure
Process/Element Name: Clean / Disinfect Workstation
Frequency: Daily at Beginning and End of Shift

Revision Date:

Prepared by:

Revision:

Required Personal
Protective Equipment

COVID-19 Keeping People Safe

HEARING
PROTECTION WHERE
REQUIRED

Required Safety
Face Covering

SAFETY
FOOTWEAR

Symbols:
Safety

Critical Process

Key Point

Attention

Step 1

Environment

Step 2

Examples of Task of areas to wipe down:
Hand tools/torque tools
Blue Tubs
Hoist Pendants
Crane hooks
Hoist hooks
Fill equipment heads
Rear Axle and Front axle carts
Turn over heads
Work tables
Computer stations
ANY QUESTIONS SPEAK WITH YOUR SUPERVISOR!

Fig. 2. SOP for disinfection. General information about
the SOP.
the SOPs and 5S.
• Capture and document deviations and gaps from
the job
observations
THIS CANNOT
BE USED IN ANY TYPE OFperformed between team leadCLEAN ROOM ENVIRONMENT!
ers/supervisors
and workers at theStep 4workstations.
Step 3
These gaps should be classified according to what is
controllable by the teams at the multi-workstations
and what is not controllable.
• Visualize and prioritized these gaps so that issues can
be resolved using problem-solving.
60
• Update risk and HOC actions and improve the SOPs
based onStepthe
gaps that have been found
and resolved.
5
Step 6
•
Visualize
the
number
of
gaps
open/close,
and the
WAIT 60 SECONDS!
number of SOPs updated accordingly. These CI
should be correlated to the plant’s health and safety
What: Obtain and use approved cleaning solution
How: Use these aids to sanitize and disinfect the items you use/touch in
your area daily. Current spray bottles Oxivir TB.
Why: To make sure we are using the correct sanitizers in our workstations.
CAUTION: This cleaning solution is approved for use in Assembly, BIW,
Paint and Plastic Paint.

Continuous evaluation

What: Everything in your workstation that you will touch daily
How: Using the approved cleaning solution to wipe down the items you use
daily

What: Clean/Disinfect work station
How: Using the required cleaning tools provided
Why: It is very important to sanitize the common handle elements in your
work station: Scanner, Monitors, Keyboard, tools, torque guns, mouse,
printer, etc.

What: Spraying and Wiping actions/activities
seconds and wipe off
How: Spray directly on surface, let it sit for
Why: It is very important to sanitize the common handled elements in
your work station. Tools, tables, torque guns, scanners.

What: Clean/Disinfect work station
How: Wait 60 seconds for the sanitizer to clean/disinfect.
Why: It is very important to sanitize the common handle elements in your
work station: Scanner, Monitors, Keyboard, tools, torque guns, mouse,
printer, etc.

What: Clean/Disinfect work station
How: Use the cleaning cloth to wipe the tools and equipment that you
have sprayed the cleaner/disinfectant on.
Why: It is very important to sanitize the common handle elements in your
work station: Scanner, Monitors, Keyboard, tools, torque guns, mouse,
printer, etc.

5

The main objective of the SOP and 5S evaluation is to secure compliance to avoid virus transmission and to secure
new SOPs are developed for new identified hazards like,
maintenance work would be an issue, job rotation and line
balancing. We recommend the following steps to evaluate

Qualitative evaluation
Step 7

The proposed approach has been evaluated using interviews with line managers at several part distribution centers in the USA. The risk assessment model provides a
What: Disposal of wipes
How: Designated Waste to Energy receptacles

4
SOP-TMP-NRV

new %

15

utilizing the length of the chassis and the width of the cab
to meet social distancing requirements wherever possible
and max one operator per cab at a time. Use face-mask all
the time and face shields where social distance requirements are not possible. The new exposure was reduce to
⇢ = 1, which is a low exposure and the probability level
stayed the same at % = 5. Therefore the risk level became
after the engineering control action ⇢ · % = 5, which indicates a reduction of 10 points in the risk level. The next
administrative action taken by the team was to use SOPs
and 5S to comply with the first action. Examples of SOPs
are shown on Fig. 2 and 3. To secure that the people at the
workstation use the SOPs, the team decided to use daily
SOP and 5S observations. As a result of this new action,
the exposure level stayed at level 1, which is low, however, the probability of the risk dropped from frequent to
occasional, giving an overall risk improvement from 5 to
3. Finally, during the daily SOP and 5S observations, the
teams identified some deviations that could be improved
to reduce the virus transmission further. These deviations
and gaps were resolved by using problem-solving. After the application of problem-solving the exposure kept a
low exposure level 1, however, the probability was further
improved to remote, which is level 2. Therefore the new
overall risk level became 2.
The previous risk assessment example included a reference to SOP for implementing administrative controls. A
similar example could be applied with an SOP for disinfection. Fig. 2 shows the general information about the
SOP, while Fig. 3 shows the visual instructions.

4

new ⇢

Why: It is important to contain all wipes in the receptacle to avoid cross
contamination

PROTECTION WHERE
REQUIRED

Required Safety
Face Covering
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Symbols:
Safety

Critical Process

Key Point

Environment

Attention

Step 1

What: Obtain and use approved cleaning solution
How: Use these aids to sanitize and disinfect the items you use/touch in
your area daily. Current spray bottles Oxivir TB.
Why: To make sure we are using the correct sanitizers in our workstations.
CAUTION: This cleaning solution is approved for use in Assembly, BIW,
Paint and Plastic Paint. THIS CANNOT BE USED IN ANY TYPE OF

Step 2

Examples of Task of areas to wipe down:
Hand tools/torque tools
Blue Tubs
Hoist Pendants
Crane hooks
Hoist hooks
Fill equipment heads
Rear Axle and Front axle carts
Turn over heads
Work tables
Computer stations
ANY QUESTIONS SPEAK WITH YOUR SUPERVISOR!

What: Everything in your workstation that you will touch daily
How: Using the approved cleaning solution to wipe down the items you use
daily

CLEAN ROOM ENVIRONMENT!
Step 3

What: Clean/Disinfect work station
How: Using the required cleaning tools provided
Why: It is very important to sanitize the common handle elements in your
work station: Scanner, Monitors, Keyboard, tools, torque guns, mouse,
printer, etc.

Step 4

What: Spraying and Wiping actions/activities
How: Spray directly on surface, let it sit for 60 seconds and wipe off
Why: It is very important to sanitize the common handled elements in
your work station. Tools, tables, torque guns, scanners.

Step 5

Step 6

WAIT 60 SECONDS!

What: Clean/Disinfect work station
How: Wait 60 seconds for the sanitizer to clean/disinfect.
Why: It is very important to sanitize the common handle elements in your
work station: Scanner, Monitors, Keyboard, tools, torque guns, mouse,
printer, etc.

Step 7

What: Clean/Disinfect work station
How: Use the cleaning cloth to wipe the tools and equipment that you
have sprayed the cleaner/disinfectant on.
Why: It is very important to sanitize the common handle elements in your
work station: Scanner, Monitors, Keyboard, tools, torque guns, mouse,
printer, etc.

What: Disposal of wipes
How: Designated Waste to Energy receptacles
Why: It is important to contain all wipes in the receptacle to avoid cross
contamination

Fig. 3. SOP for disinfection. Detailed instructions for the individual steps.
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new way of pandemic prevention, but still at the administrative control level of the HOC pyramid. The SOP focuses on this qualitative evaluation because the SOP precisely described how to perform the job. It does not only
helps the operators to understand the sequence of a specific operation. The OK and NOK conditions but also the
SOP helps the first line manager to facilitate communication and increasing labor discipline when he conducts the
SOP confirmation process.
In our interviews with line managers, we asked the following questions.
• Why do you conduct the SOP confirmation routine,
and how COVID-19 is affecting it?
• What are the strength and weaknesses of this process?
We put these questions to several first-line managers in
two distribution centers. Here is some feedback from
them:
• Initially, I took for granted that the operators were
following the SOP. If we have problems, then I come
to discuss with the worker with the help of the SOP if
he/she understands the job and if she/he is following
the standard. This is the first thing I do to understand a possible problem. During this pandemic, we
have been requested to do it at least one time per
day, which has helped us a lot to improve the communication with the workers and to secure that the
COVID-19 prevention measures are followed.
• I have learned a lot with the SOP confirmation process. I was doing it daily because it helped me to
train new operators. During COVID-19 we have had
a lot of changes of workers. The SOP confirmation
process helped me to help the workers. Even when
the operators understand the job, we followed the
daily routines of SOP confirmation to understand any
risk about COVID-19. The workers feel safer when
we come and talk to them about COVID-19 risks.
• The SOP confirmation routine is helping me to generate ideas for improvement in my area. During
COVID-19 we have some problems with the workers not following the prevention measures, especially
the use of face mask. During the SOP confirmation
process, I was able to identify why some workers did
not want to use the face mask.
The main results of this SOP confirmation process have
been the trust of the workers coming to work. Absenteeism has been high with more than 15 percent in some
sites, but those sites that have been following the SOP
confirmation process the absenteeism has been less than
ten percent. As we prepare in the near future to increase
production volume, this SOP confirmation will improve
both the trust of the workers to be safe, and therefore the
absenteeism would be lower.

6

dard operation procedure, 5S, and problem-solving to help
identify and evaluate possible actions to be taken to establish a safe workplace. The model is in the process of being
implemented and evaluated in industrial plants. We expect
the proposed model to be useful to reduce risk and to capture the new learning like the improvement of the rotation
of the workers, increase the versatility of the workers, increase the priority of 5S and SOP at every workstation,
increase the frequency of the line balancing process, just
to indicate a few examples.
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Conclusion

Risk assessment and the corresponding improvement actions should become a highly prioritized process to increase the trust of the workers and employees. This paper
presented a methodology based on risk assessment, stan-
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