


Introduction

Safety in the wet lab is essential, not only to ensure that personnel remain healthy and
unharmed during experiments, but also to guarantee that the resulting product does not
pose risks to people or the environment. Conducting a Preliminary Hazard Analysis
(PHA) is a crucial first step in preventing accidents. This analysis helps identify and
evaluate potential hazards in the lab, providing a foundational overview of risks that
could affect health, safety, or the environment. By doing so, it enables the development
of targeted mitigation strategies and helps prioritize which hazards require further
detailed study. Ultimately, a PHA establishes the groundwork for an effective risk
management system and strengthens overall preparedness.

A PHA is an early-stage risk assessment aimed at identifying all potential hazards and
hazardous events that could occur during wet lab protocols and related activities. The
two key components of risk assessment are hazards and consequences, which must be
clearly defined and distinguished. A hazard refers to the potential for harm to occur,
while consequences describe the actual effects of that harm. Identifying potential
consequences allows for a more accurate and comprehensive evaluation of each
hazard’s severity and supports the development of effective risk controls.

Risk assessment, while highly customizable, is also a systematic process used to
identify, evaluate, and implement controls for hazards that could negatively impact the
process, product, or personnel. A variety of tools and models can be employed to
address the wide range of scenarios requiring evaluation. PHA was selected for this
assessment because it serves as a precursor to more advanced hazard assessment
models. Additionally, given the minimal presence of hazardous materials, both chemical
and biological, in the Biosafety Level 1 (BSL-1) laboratory used by the team, PHA was
determined to be an appropriate framework for evaluating risk and ensuring safety.
Expert consultation further confirmed that this approach would provide a solid
foundation for our risk management efforts, offering both reliability and flexibility should
more advanced assessments be required later on.



Preliminary Hazard Assessment Flowchart
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The risk rating score is a numerical representation of the criticality of each identified
hazard. It serves as a tool to communicate the level of a risk and its urgency in a clear,
standardized way.

This score is based on two combined variables: the likelihood of the event occurring and
the significance of the consequences should the event occur. These variables are
multiplied to generate an overall score, which is then assigned a corresponding colour
to indicate the hazard’s criticality. While probability and severity are standardized
variables, the specific factors that influence the numerical outcome can be adjusted to fit
particular scenarios.

As representatives of the University of Alberta, the UAlberta iIGEM team aligned the
consequence variables with the values outlined in the University of Alberta Risk
Management Program (1). This program promotes risk awareness and provides an
Enterprise Risk Management (ERM) framework and policy that serves as the basis for
the consequence factors. The ERM policy defines the university’s approach to risk
management, while the framework guides practical implementation, offering tools to
integrate risk management into daily activities effectively.



In wet lab safety, one of the main priorities is protecting the health and safety of those
performing experiments, making consequences a key factor in risk evaluation. Given
that the UAIlberta iGEM chose Climate Crisis as our village, environmental impacts were
also considered when assessing consequences. Additionally, because the team works
with genetically modified organisms, precautions are necessary to prevent unintended
release into the environment. Finally, financial consequences are an important
consideration as well, as the UAlberta iGEM team is fully responsible for securing its
own funding. Thus, significant financial losses could jeopardize research and the ability
to compete, making financial risk a critical component of the consequence variable.

Table 1. Variables used to evaluate risks and assess consequences to prioritize
response actions. Adapted and modified from the University of Alberta Faculty of

Science template for our purposes.
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Development of Preliminary Hazard Analysis

The PHA was conducted both before control measures were introduced and after they
were implemented. Evaluating risk at both stages allowed the team to confirm that all
necessary precautions were addressed and to determine whether any remaining
hazards required additional mitigation. This comparison also highlighted the importance
and effectiveness of each control measure for the team members responsible for
operationalizing the PHA.

For each identified hazard (Table 2), the corresponding consequences were listed to
create a more thorough and organized risk assessment. Each laboratory protocol was
assigned its own section, along with its specific hazards and controls, to make the
information easy to reference. Table 2 also serves as an overview of the safety
component included in each Standard Operating Procedure (SOP).

To strengthen their safety practices, the UAlberta iGEM team organized a workshop on
risk assessment, led by Lucca Filippo, a Master of Engineering Management student
from the Lynch School of Engineering Safety and Risk Management at the University of
Alberta. During the session, team members learned about safe handling of regulated
biological materials and took part in a virtual tour of the university’s biosafety resources.
They also engaged with the University's biosafety officer and representatives from the
Public Health Agency of Canada, gaining insight into risk management practices at
institutional and federal levels.

The workshop introduced a structured approach to assessing laboratory risks and
familiarized participants with key safety terminology. Team members were shown how
to evaluate hazards from several perspectives, namely health, environmental, and
financial, and were taught how to use risk matrices to quantify and prioritize risks.



These exercises promoted a more systematic and analytical approach to hazard
assessment.

As part of the workshop, the team gave Lucca a guided tour of their lab, during which he
helped identify real hazards within their own workspace. This activity marked the team’s
first exposure to Preliminary Hazard Analysis. With Lucca’s mentorship, they completed
a practice PHA, which laid the foundation for their official analysis. A follow-up meeting

provided additional guidance, during which Lucca recommended conducting a
comprehensive PHA and shared his thesis, which helped the team refine their
methodology and project structure. This process gave the team a solid foundation for
performing a formal and well-documented Preliminary Hazard Analysis.

Table 2. UAIlberta iGEM Laboratory Hazard Risk Assessment and Control.
Evaluation of laboratory protocols to identify hazards and evaluate risk. Each hazard is
listed with the risk rating before and after the controls to evaluate the effectiveness of
the current controls and to see if any more controls need to be implemented.
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Conclusion

The findings of the Preliminary Hazard Analysis (PHA) indicated that the existing control
measures in the laboratory were sufficient and effective. The assessment reinforced the
importance of adhering to these established protocols, demonstrating that consistent
compliance significantly reduces risks and promotes a safer work environment. Sharing
the results with the entire team increased awareness of both the controls in place and
the potential consequences of non-compliance, encouraging greater accountability and
safer lab practices overall.

Although the PHA did not lead to the addition of new controls, it provided an important
opportunity to scrutinize existing ones. Additionally, this review process allowed the
team to identify that the laboratory’s eyewash station was not functioning properly at the
time of the safety workshop, prompting a report to the University of Alberta’s Health,
Safety and Environment (HSE) team. Taking corrective action not only improved
laboratory safety but also gave the team valuable experience in navigating the HSE
reporting process, which will be beneficial for any future safety concerns.

This process also reinforced the importance of maintaining key safety practices, such as
ensuring that all wet lab members obtain official autoclave training before beginning
experimental work. Moreover it solidified the requirement for team members to complete
a series of safety courses prior to entering the wet lab, further strengthening the culture
of safety established through the PHA.
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