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Abstract.

BACKGROUND: The high spread rate of coronaviruses, specifically severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has raised concerns about the spread of the disease in crowded occupational environments. The risk of
occupational exposure to coronavirus depends on the type of industry and the nature of work. Currently, most countries are
working for reactivating their economies and need to improve working conditions for a safe situation during the COVID-19
pandemic.

OBJECTIVE: The present work aimed to investigate the current engineering and administrative control measures, which
are necessary to protect workers against COVID-19 in workplaces.

METHODS: The current strategies, including engineering control, administrative control, personal protective equipment,
and their efficiencies, were reviewed and discussed.

RESULTS: Reviewing the literature indicated that a collection of control approaches should be implemented for an effective
control of the virus. Control measures could be selected based on the risk of exposure to COVID-19. The results also revealed
that relying solely on a specific control measure could not effectively control the outbreak.

CONCLUSION: In conclusion, employers and health professionals must continually monitor international and local guide-
lines to identify changes in recommendations to make their workplaces safer. Establishment of an expert team in any workplace
for the implementation of more effective control measures is warranted, as well.
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1. Introduction

The novel coronavirus disease, known as COVID-
19, is a cluster of acute respiratory effects caused by
the SARS-CoV-2 virus, with a rapid outbreak among
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humans around the world [1]. To date, over 19 mil-
lion people have caught COVID-19, with 712000
recorded global deaths by July 2020. At the begin-
ning of the COVID-19 outbreak, various countries
decided to disrupt several businesses, which led to
substantial job losses. However, is it possible to dis-
rupt all jobs until the situation improves? Absolutely
not. Most countries are working to reactivate their
economies and need to improve conditions for a safe
activity during the COVID-19 pandemic. It is known
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Fig. 1. The biological hazards control pyramid adapted from the US Center for Disease Control (CDC).

that COVID-19 is primarily spread from a person
to another, which raises concerns about its outbreak
in crowded occupational environments. Yet, the risk
of occupational exposure to coronavirus depends on
the type of industry. According to the occupational
risk pyramid introduced by the Occupational Safety
and Health Administration (OSHA), job tasks can
be divided into four exposure levels, including low,
medium, high, and very high-risk tasks. Healthcare
workers who perform aerosol-generating procedures,
such as induction procedures, laboratory personnel
handling, and specimen collection, as well as morgue
workers who perform autopsies are at a very high-
level risk of exposure to SARS-CoV-2. Support staff,
healthcare delivery workers who must enter patients’
rooms, medical transport workers like ambulance
operators, and mortuary workers are also considered
as high exposure or high risk. The staff with possible
contact to suspected or infected people within a six-
feet distance have a medium risk of exposure. Lower
exposure risk jobs are those with no requirement to
contact with suspected people. Workers in the lower
risk category have the least occupational contact with
other coworkers or customers.

To reduce the influence of COVID-19 on workers
in any workplace, some control measures should be
taken based on the level of risk. It is worth mentioning
that employers should reduce the risk of exposure to
SARS-COV-2 based on their risk levels in their work-
places. They can decrease the number of lost days due
to diseases and slow or stop the spread of COVID-19
by conducting risk management programs to make
workplaces clean and hygienic [2]. The overall pro-
cess of risk management of occupational hazards
consists of four steps, including hazards identifica-
tion, risk assessment, control measures, and monitor

of controls [3]. Coronavirus is a biological hazard
that needs to be controlled through a comprehen-
sive program in any workplace. According to the
study conducted by Rim et al., a number of measures,
such as risk assessment, ventilation, training, and
use of Personal Protective Equipment (PPE), could
be applied to control biological hazards in work-
places [4]. Occupational safety and health experts
use a framework known as the “hierarchy of con-
trols” (Fig. 1), which means that the controls located
at the first level are more effective. In other words,
like other workplace hazards, elimination of coron-
avirus is more favorable compared to other control
measures. However, it may not be always possible to
eliminate COVID-19 from the workplace and, con-
sequently, preventive efforts should be applied to
minimize the probability of exposure to SARS-CoV-
2. In addition, some measures must be taken to avoid
new infections due to the spread of the virus. The
engineering controls followed by administrative con-
trols and PPE are the most effective ways to control
the exposure to COVID-19 [5].

2. Engineering controls to reduce
occupational exposure to COVID-19

Since elimination or substitution of biohazards is
not applicable in COVID-19, engineering controls are
the most effective solution to reduce the exposure.
Application of engineering controls helps minimize
or prevent the exposure to COVID-19 without relying
on workers’ behaviors. Engineering controls refer to a
collection of measures that have priority in the control
of hazards in workplaces. These measures are not rec-
ommended for workplaces with lower exposure risks
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to coronaviruses because of the relatively high run-
ning and maintenance costs. In fact, employers should
use engineering controls to protect workers in high-
risk jobs. Improvement of ventilation systems, use of
high-efficiency air filters, and use of physical barriers
are among the most effective engineering solutions to
prevent the transmission of SARS-CoV-2.

2.1. Efficient ventilation

At the time of writing the present article, three dif-
ferent modes of viral transmission were introduced
for the spread of the respiratory droplets of coro-
naviruses. In this context, contact transmission via
contaminated surfaces, transmission by large respi-
ratory droplets (>10 microns), and transmission via
airborne micro droplets (<5 microns) were among the
main scenarios for SARS-CoV-2 transmission [6].
Although there has been controversy about the air-
borne transmission of SARS-COV-2, an increasing
number of reports provided strong evidence in the
role of aerosols in COVID-19 outbreak, especially in
poorly ventilated environments [7—10]. Aerosols con-
sist of small droplets, which can stay suspended in the
air for a longer time compared to larger droplets [11].
One experimental study showed that SARS-CoV-2
remained active for up to three hours in indoor air
under common conditions [12]. Several studies have
also indicated that SARS-CoV-2 particles could stay
airborne and travel long distances in indoor envi-
ronments, depending on humidity and temperature
[13]. Moreover, various investigations indicated that
COVID-19 transmission could be especially signif-
icant in confined and crowded indoor spaces, such
as workplaces [14, 15]. Thus, the American Soci-
ety of Heating, Refrigeration, and Air-Conditioning
Engineers (ASHRAE) has recommended the use of
ventilation control measures regarding the potential
airborne hazard. Ventilation is the process of supply-
ing clean outdoor air to a building by mechanical or
natural means [16, 17]. Ventilation systems normally
exist in all workplaces to control harmful chemical
agents or air conditioning. Ventilation is usually pro-
vided by Heating, Ventilation, and Air-Conditioning
(HVAC). HVAC systems are the usual systems used
in any workplace to provide comfortable conditions
(humidity and temperature) and clean air in indoor
environments. In the case of COVID-19, the current
systems can be modified with a relatively low cost to
enhance their efficiency and to limit the outbreak of
the virus. In some workplaces such as hospitals and
other healthcare centers, good ventilation systems

can already be found to protect people against infec-
tious agents [18]. Based on the literature review, some
advice has been given to improve ventilation effi-
ciency in outbreak conditions.

2.2. Increasing the numbers of air exchanges

In order to eliminate any trace of infectious agents,
increasing air supply and exhaust ventilation sys-
tems are necessary for all parts of the workplace. In
buildings with mechanical ventilation systems, the
time of the operation of the ventilation system is
necessary to be expanded. For example, turning the
ventilation system on before beginning the work and
keeping it running for at least two hours after fin-
ishing the routine work could increase air exchanges
and enhance the efficiency of ventilation. In demand-
controlled systems, it is better to keep ventilation on
24.7 and lower the ventilation rates in the absence of
workers. In systems with Demand-Control Ventila-
tion (DCV), it has been recommended to disable the
control because air supply can be reduced accord-
ing to the temperature or occupancy. It has been
also suggested to keep the ventilation systems run-
ning through the night and weekends in order to be
sure about the complete removal of harmful contam-
inants. In this situation, the operation time should be
expanded and the application of energy saving and
control-demand systems should be avoided [19, 20].

2.3. Avoiding air recirculation

Although air recirculation is an essential measure
for saving energy, it should be avoided when there
is a possibility to transport infectious contaminants
through spaces. Virus particles maintained in return
ducts could re-enter a working station when central-
ized ventilation units are equipped with recirculation
sectors. Recirculation of air can lead to the distribu-
tion of airborne contaminants from one point to the
others who are connected to the same system. There-
fore, for industries with such ventilation systems, the
running should be done at 100% outdoor fresh air to
avoid central recirculation during the COVID-19 pan-
demic. The results obtained from the previous studies
regarding airborne transmission of bioaerosols, such
as influenza and biological agents during terrorist
attacks, indicated that air recirculation had to be stop-
ped [21]. According to the Federation of European
Heating, Ventilation and Air Conditioning Associ-
ations (REHVA), the recirculation dampers should
be closed in spite of cooling or heating problems
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because the health of people is more important than
thermal comfort. Therefore, in workplaces with cool-
ing and heating problems, other local heating and
cooling devices could be replaced to provide ther-
mal comfort. The REHVA also stated that using high
efficiency filters in recirculation units could not be
a reason to open the recirculation dampers. Induc-
tion units and fan coils with local circulation have
also been suggested to be turned off in order to pre-
vent the resuspension of virus particles. Therefore,
recirculation systems should be disabled by opening
the outdoor air dampers and closing the recirculation
dampers. In cases where it is not possible, the outdoor
airflow should be maximized. Another alternative is
the use of ultraviolet irradiation in workplaces to reac-
tivate the virus in recirculation air [20].

2.4. Increasing the use of outdoor air

Proper ventilation with outside air is an important
practice for improving indoor air quality and protect-
ing workers against COVID-19. Expanding the use
of outdoor air could be achieved simply by open-
ing the windows. Opening outdoor air dampers could
also play an important role in getting outdoor air into
the workplace. With turning thermostat settings to
the ‘ON’ position, much air would move through the
system, making the environment cleaner and safer
for the personnel. The critical point is the amount of
air supplied per person. It has been recommended to
enlarge the social distance among workers in order to
improve the ventilation cleaning effects.

2.5. High-efficiency air filter

As mentioned earlier, air recirculation can trans-
mit the virus within buildings in workplaces. Thus, if
possible, it is necessary to filter the air before being
distributed in the building. HVAC systems usually fil-
ter air before distribution through buildings in order to
reduce the airborne transmission of viruses. Air filtra-
tion can be considered as a risk mitigation approach,
but is not regarded as a solution by itself. High-
Efficiency Particulate Air (HEPA) filters are a type of
air cleaners manufactured by pleating fibrous media,
such as microfiber glass, which have been proposed
as the best filters against very fine particles. For high
and very high-risk work activities such as Aerosol-
Generating Procedures (AGPs), the use of HEPA
filters can help control the suspended aerosols. The
coronavirus has a diameter of about 0.125 microns
(125 nanometers), which falls within the HEPA filter

efficiency range of 0.01 microns (10 nanometers) and
bigger. Many reports have wrongly stated that HEPA
filters cannot filter the particles sizing 0.3 microns or
lower and are thus not able to capture coronaviruses.
However, the NASA study showed that HEPA filters
were efficient almost 100% at 0.01 microns. There-
fore, they could capture ultrafine particles below 0.3
microns, including coronavirus particles. Although
HEPA filters are usually used in filtration systems of
healthcare centers, such as hospitals, they could be
utilized in other occupational settings. The Center for
Disease Control (CDC) previously recommended the
use of HEPA filters as a control strategy for SARS-
CoV-11in 2003. The CDC has also recently suggested
the use of HEPA filters in air purifier respirators for
the effective control of SARS-CoV-2 [22].

2.6. Portable air cleaner

Portable air cleaners, known as air purifiers, are
supplementary systems that can help remove parti-
cles from the air with the same efficiency as the
ventilation systems. In specific situations where the
existence of ventilation cannot be improved, local
air cleaning devices could provide more protection
against SARS-COV2. The portable air cleaner must
have HEPA filters to have a significant role in air
cleaning. Electrostatic filtration-based devices with
high efficiency in air cleaning could be introduced
as a good alternative in situations where air cleaners
are not applicable due to limited airflow. During the
utilization of electrostatic filtration-based devices, it
is better to be located close to the workers’ breath-
ing zone to be more efficient. A schematic view of
the proposed engineering controls based on improve-
ment of the ventilation systems has been depicted in
Fig. 2. Accordingly, collection of air cleaning systems
Make up Fan - - :sl“'!:tll'r"'g

~ - . Rir recirculation

o HEPA Filter I\ to be avoided!
Exhaust Fan

> 4 ,‘ b/
A,

Portable Air Cleaner

Fig. 2. A schematic view of the proposed engineering controls
based on the improvement of ventilation systems.
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has been proposed to be used to control the exposure
to SARS-CoV-2. Considering the risk of exposure in
workplaces, one or more systems could be applied to
protect workers against COVID-19.

2.7. Physical barriers

Although maintenance of a two-meter social dis-
tance among co-workers is important to decrease
the potential transmission of COVID-19, workers are
often not able to keep this distance, especially in small
businesses. Hence, these occupational settings should
consider innovative approaches based on a barrier
that could be purpose-made or improved accord-
ing to the nature of works. These physical berries,
which have been recommended for work activities
with medium risk levels, help maintain a distance and
decrease droplet transmission by limiting human-to-
human interactions. Plastic shielding, mobile drawer,
and partitions are good choices for providing a bar-
rier among workers [23]. Various organizations have
proposed the use of barriers, such as plexiglass, for
a variety of industries. CDC and OSHA have also
recommended the installation of physical barriers,
such as clear plastic or plexiglass barriers, in phar-
macies. World Health Organization (WHO) has also
proposed the use of physical barriers in healthcare
centers, such as pharmacy windows. Plexiglass is
advantageous because it is more available, transpar-
ent, smooth, and easily cleanable. Polycarbonate and
tempered glass are other options that are more durable
but more expensive. Characteristics, such as impact
resistance and scratches, should be considered before
the installation of physical barriers. Another impor-
tant point that should be taken into account when
installing barriers is the ventilation requirements to
prevent interference with HVAC systems.

3. Administrative controls

The main goal of administrative controls is to min-
imize the exposure to SARS-CoV-2 through chan-
ges in work procedures. Exposure to SARS-CoV-2
should be limited by decreasing the total number
of workers in each work shift. Minimizing contact
among workers by limiting face-to-face meetings and
communications is one of the examples of administra-
tive measures. Establishing extra shifts or alternative
days may help maintain the full onsite work. Provi-
ding workers with ongoing education and train-
ing programs is another useful action to limit their

exposure. Training may highlight the importance of
social distancing, protective behaviors, use of Respi-
ratory Protective Equipment (RPE), and maintenance
and disposal of masks.

4. Personal protection equipment

Although engineering and administrative controls
have been considered as effective alternatives in pro-
tecting workers from SARS-CoV-2 exposure, the use
of PPE should be considered as an integral part of
the control strategy. Workers in all risk groups need
one or more PPE, including facemasks or respirators,
face shields, goggles, gloves, and gowns, based on
their job tasks as well as their risk levels. Health-
care personnel, such as those who work in hospitals
or laboratories, should use all above-mentioned PPE.
Workers in other occupational settings must also wear
facemasks and gloves, and may even need additional
protection. All types of PPE must be selected, ins-
pected, maintained, and used properly to provide ade-
quate protection. Among all PPE, the use of RPE
and facemasks is very crucial because of their protec-
tion ability against breathing, coughing, or sneezing
droplets. Many guidelines and recommendations on
different aspects of PPE against SARS-CoV-2 expo-
sure have been given in details elsewhere [24-26].
The NO5 filtering face piece respirators and other
respirators must be used under the written, compre-
hensive respiratory protection program according to
the National Institute for Occupational Safety and
Health (NIOSH). This program contains some essen-
tial aspects regarding RPE, such as donning, doffing,
user seal check, and fit testing of respirators. Sealing
and fitting the respirators affect the overall acquired
protection. Fit testing is performed for tight-fitting
respirators and checking their model and size with the
user’s face based on OSHA’s respiratory protection
standard, 29 CFR. OSHA has recently recommended
initial fit testing for workers in high-risk and very
high-risk jobs, including healthcare workers. The
health specialist in any workplace must also jus-
tify the importance of performing a seal check after
putting on the respirator to ensure getting an adequate
seal.

5. Conclusion

Different preventive measures have been proposed
to control the transmission of coronaviruses in work-
places. Control measures should be selected based on
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the risk of exposure to SARS-CoV-2. Yet, a collection
of control measures is more efficient and practi-
cal to protect workers against COVID-19. Moreover,
employers and health professionals must continually
monitor international and local guidelines to identify
changes in recommendations and to make their work-
places safer. An expert team is also recommended to
be established in any workplace for the implementa-
tion of more effective control measures.
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