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Occupational Health and Safety in Biotechnological Processes: A Review and Future Directions
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An option to change partially or completely conventional chemical methods is a biotechnological process. It 
enables the development of environmentally friendly and innovative means. The safety of this process has not 
been fully examined, thus, the lack of awareness about risk management is a great concern. This work aims to 
elucidate the importance of recognizing, assessing, and controlling potential risks, and developing appropriate 
risk management to develop bioprocesses safely. For this purpose, qualitative research was carried out through 
scientific studies and current legislation. Safe development of biotechnological procedures allows for occupational 
safety throughout the processes. It was observed that control measures should be adopted to obtain a safe work 
environment for everyone. These measures can be carried out through anticipation, recognition, assessment, 
and control of existing risks or that may exist in the process. Also, it was found that the involvement of all 
adequate risk management is fundamental. Therefore, biotechnological processes must be developed safely for 
workers, the environment, and society.
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Introduction                                                                

Processes that involve several stages of 
transformation through biological agents, such 
as enzymes, microorganisms, or animal and plant 
cells, are called bioprocesses [1]. Bioprocesses 
have attracted a lot of attention due to being a 
sustainable and innovative alternative for the 
industry [2]. Thus, scientific and technological 
research has sought to develop and transform 
processes and products by biotechnological 
processes to reduce negative impacts on the 
environment and the use of fossil fuels. In this 
context, bioprocesses have been used in several 
applications, such as for fuel and pharmaceutical 
products [3,4]. 

In bioprocesses, the main operations are 
fermentation, microbial and enzymatic catalysis 

[5]. Bioprocesses are promising alternatives 
that are justified by their lower impact on the 
environment compared to conventional chemical 
processes. On the other hand, there is little 
discussion on the safety of their development. 
It is important to highlight that a good amount 
of organic solvents for extraction from aqueous 
solutions can be used in bioproduct processing. 
Thus, the steps of processing, recycling, control, 
and safe disposal are necessary for both organic 
solvents and microorganisms [6]. 

The use of bioprocess technologies in research 
and industrial development activities has grown 
in the world. Risks are directly related to the 
means and conditions in which operations 
occur [6]. Because of this, there is a need for 
special attention to the hygiene and safety in 
bioprocesses to preserve the health, integrity, and 
safety of workers and the environment. Along 
with the accelerated use of this process, a great 
problem arises, which is the little knowledge and 
awareness of risk management systems to mitigate 
the risks [7]. Moreover, the occupational health 
and safety of such procedures have been little 
discussed. Therefore, this work aims to elucidate 
the importance of recognizing, assessing, and 
controlling potential risks, to develop safer 
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bioprocesses for workers, the environment, and 
society.

Material and Methods

Research on occupational health and safety in 
bioprocesses was carried out through important 
national and international bibliographic 
databases. The information was collected from 
scientific studies such as articles and books, 
published in indexed and specialized journals. 
Also, Consolidation of Labor Laws (CLT) [8] 
and Regulatory Norms (NR) [9] were the current 
legislation used as a basis. Among the NR, NR 9 
(Environmental Risk Prevention Program), NR 12 
(Machines and Equipment), NR 15 (Unhealthy 
Activities and Operations), NR 16 (Dangerous 
activities and operations) e NR 25 (Industrial 
Waste) were used, since these regulatory norms 
cover activities carried out in biocatalytic 
processes. Figure 1 shows the flowchart of the 
methodology performed. 

Results and Discussion    

Occupational health and safety have been 
widely discussed in several areas in the past 20 
years (Figure 2). Figure 2 shows the increase in the 
number of articles when the keywords "occupational 
health" (Figure 2A) and "occupational safety" 
(Figure 2B) were used separately in the Web of 
Science database. However, when the keywords 
"occupational health" and "biotechnological 
processes" were combined, only 2 articles were 
found, and when the keywords "occupational 
safety" and "biotechnological processes" were 
combined, only 1 article was found. These results 
showed that little has been discussed about 
occupational health and safety in biotechnological 
processes, demonstrating, thus, the need for a 
greater discussion to preserve the occupational 
health and safety of workers and the environment.

There are notorious benefits of developing the 
safety of bioprocesses for industries, companies, 
workers, and society. This effort promotes the 

Figure 1. Qualitative research developed in this work.
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safety of workers throughout the enzymatic and 
fermentative processes. Among the benefits, 
the propagation of biotechnological processes 
is associated with both social and commercial 
development, which include high-paying jobs, the 
use of waste, and innovative products that address 
critical social problems in materials, health, 
transport, energy, and pollution. Moreover, safer 
processes lead to greater safety for the worker, 
through sensors that detect dangerous agents, 
appropriate protective equipment, and others [10].

To achieve this safety, security measures must 
be adopted in biotechnological practices. Health 
risks arising from exposure to biotechnological 
processes must be eliminated or reduced to 
guarantee the health and integrity of workers. It 
is contradictory to say that the development of 
bioprocesses is responsible, if the health and safety 

of workers are negatively affected, as well as the 
environment. This understanding corroborates 
with NR 9 [11], which explains that employers 
must develop and implement the Environmental 
Risk Prevention Program to ensure the health 
and integrity of workers and the environment 
with some measures: anticipation, recognition, 
evaluation, and control of the environmental risks 
that exist or will exist in the workplace [11].

Despite being an arduous task, the safe and 
responsible development of bioprocesses and any 
other industrial process depends on the health and 
safety of workers and the environment, since both 
are linked. Also, risks, dangers, and exposures 
must be understood by everyone involved, 
to avoid possible accidents that compromise 
the health and integrity of the worker and the 
environment. It is important to note that employers 

Figure 2. The number of published articles per year between 2000 and 2020 in Web of Science with the 
keywords: A) “Occupational Health” and B) "Occupational Safety".
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must assess all risks inherent in the processes to 
which workers are exposed, and employers must 
inform their employees [12]. In this sense, NR 9 
establishes that all environmental risks present or 
that may exist in the work environment must be 
communicated by employers to all employees, 
as well as possible resources to avoid or mitigate 
these risks [11]. Moreover, the government must 
inspect companies/industries, analyzing whether 
the control of workers' exposures to risks is being 
carried out properly and there is no damage to 
workers or the environment [12].

One of the most critical factors that increase 
the risk is exposure [12]. Thus, there is a need 
to identify the agents and control exposures 
to these agents in the work environment, to 
develop risk management appropriately. In this 
scenario, employers must be aware and assess 
the frequency of exposure to risk agents and 
their magnitude. To establish proper occupational 
exposure to bioprocesses, it is necessary to obtain 
information about the monitoring of risk agents 
[13]. Identification, evaluation, and monitoring 
are essential to preserving the health of workers 
and the environment, avoiding unhealthy activities 
and operations. According to NR 15, activities and 
operations are considered unhealthy when they 
are above the tolerance limits (annexes 1, 2, 3, 
5, 11, and 12), in which the tolerance limit is the 
maximum or minimum concentration or intensity 
related to the nature and the time of exposure to the 
agent which will not cause damage to the health of 
the worker during his working life [14].

For the safe and responsible development 
of bioprocesses, exposure assessment is a very 
important factor, as mentioned before [13]. 
However, it is important to emphasize that just 
assessing the risks is not enough; there is a need for 
communication about risks between employers, 
government agencies, and organizations 
promoting occupational safety and health. Thus, 
the data of exposure to the risks of processes, when 
properly disclosed, assist in the decisions about 
risk management in biotechnological processes 
[15]. Biotechnological processes can also be safe 

with adequate knowledge of the procedures and 
mechanisms used in these processes, in addition 
to the adoption of control measures, such as 
eliminating risks, neutralizing risks, training, and 
hygiene practices.

In bioprocesses, the complexity of risks 
inherent to the procedures is very large, in addition 
to the limited knowledge related to safety. Today, 
the authorities have pointed to the importance 
of gathering knowledge about the application of 
bioprocesses and exposure control. It is important 
to highlight that employers are responsible for 
proper risk management and preserving worker 
health [16]. In cases of dangerous activity 
and operations, NR 16 states that according 
to article 195 of the CLT, it is using a technical 
report prepared by an Occupational Physician or 
Occupational Safety Engineer that the employer 
is also responsible for the characterization or the 
mischaracterization of the hazard [17]. 

Special attention is also needed in the phases 
of design and use of machines and equipment 
since they can cause damage to the health and 
physical integrity of the worker through accidents 
and illnesses at work. NR 12 has details about 
occupational safety in regards to machinery and 
equipment, determining technical references, 
principles, and protective measures, to guarantee 
the safety and health of workers. In this sense, NR 
12 says that protective measures must be adopted 
for work on machinery and equipment by the 
employer, enabling the preservation of health and 
physical integrity of workers [18].

Another issue that needs special concern is relate 
to industrial waste that results from processes. 
NR 25 states that companies are responsible for 
making decisions that prevent industrial waste 
from causing damage to workers' health and 
safety. Also, companies must adopt measures that 
minimize the generation of waste, preventing this 
waste from compromising the health and safety of 
workers and the environment [19]. 

Regulatory agencies request the execution 
of good risk management conduct, although 
some general regulations fit the requirements 
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for biological and related processes to develop 
safe and responsible biotechnological processes. 
There have been studies reporting the need for the 
development of safe biotechnological processes, 
as well as regulations that make this possible. In 
general, the works show global parameters for the 
safe exercise of bioprocesses (Figure 3) [5, 6, 20]. 

In general, the adoption of safety measures, 
knowledge of the processes, risks, dangers, and the 
engagement of all involved enable the development 
of biotechnological processes responsibly and 
safely. Furthermore, past mistakes can serve as 
lessons to prevent future problems, which is very 
advantageous for both scientific and industrial 
society. Thus, for the development of safer and 
more responsible biotechnological processes, it is 
essential that the health and integrity of workers, 
as well as the environment and society in general, 
be considered through knowledge and current 
legislation.

 
Conclusion

This work highlighted the importance of 
developing biotechnological processes safely, 

guaranteeing the health and safety of workers and 
the environment. This work also demonstrated 
the benefits of developing safety regulations for 
companies, industries, workers, the environment, 
and society. A safe development is only possible 
if security measures are adopted via anticipation, 
recognition, assessment, and control of the risks 
present in the processes. Moreover, it is necessary 
that everyone is involved and well informed about 
risks, dangers, possible ways to mitigate or eliminate 
such risks, industrial hygiene practices, and adequate 
supervision. Proper risk management is also a crucial 
factor for safe biotechnological processes. Therefore, 
there must be special attention and greater discussion 
about safety and health in biotechnological processes, 
to protect the health and well-being of workers, the 
environment, and society.
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