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In the complex landscape of industrial operations, the paradigm of safety has shifted from a reactive response to a 

proactive, systemic management of uncertainty. At the heart of this transformation lies Hazard Identification and 

Risk Assessment (HIRA) and its expanded framework, Hazard Identification, Risk Assessment, and Risk 

Control (HIRARC). These methodologies serve as the foundational pillars of modern Occupational Health and

Safety (OHS) management systems, such as ISO 45001:2018. This technical guide provides an exhaustive

analysis of the mechanisms, mathematical models, and implementation strategies required to achieve operational

excellence and a 'zero-accident' culture.

Theoretical Framework: Defining Hazard and Risk

Before delving into procedural execution, it is critical to establish a precise technical vocabulary. In many

organizational contexts, 'hazard' and 'risk' are erroneously used interchangeably. However, within the HIRA

framework, they represent distinct variables in the safety equation.

1. Hazard Identification

A hazardis defined as a source, situation, or act with a potential for harm in terms of human injury, ill health, or a

combination of these. Hazard identification is the process of recognizing that a hazard exists and defining its

characteristics. Hazards can be categorized into several primary domains:

•  Physical Hazards: Noise, vibration, temperature extremes, radiation, and kinetic energy (moving machinery).

•  Chemical Hazards: Vapors, gases, dusts, and fumes that pose toxicological or flammable risks.

•  Biological Hazards: Viruses, bacteria, and biological agents found in laboratory or waste management 

settings.

•  Ergonomic Hazards: Repetitive movements, poor workstation design, and manual handling tasks.

•  Psychosocial Hazards: Workplace stress, fatigue, and organizational culture issues.

2. Risk Assessment

Riskis the combination of the likelihood of an occurrence of a hazardous event or exposure(s) and the severity of

injury or ill health that can be caused by the event or exposure(s). Mathematically, risk is often expressed as:

Risk = Likelihood (L) × Severity (S)

By quantifying these variables, organizations can move from subjective observation to objective, data-driven

decision-making.

The Four Pillars of the Risk Assessment Process

Drawing from standards established by bodies like the Indiana Department of Environmental Management (IDEM)

and international safety protocols, the risk assessment process follows a logical, four-step progression.

Step 1: Hazard Identification (Source Characterization)

This phase involves a comprehensive audit of the workplace. Technical writers and safety engineers must 



document all potential failure points. This includes inspecting 'High Hazard' environments such as petrochemical 

plants, chemical storage units, and pharmaceutical laboratories. Methods include Job Safety Analysis (JSA) and 

Workplace Inspection.

Step 2: Dose-Response Assessment (Severity Analysis)

Particularly in chemical and air toxics management, this step characterizes the relationship between the magnitude

of exposure (dose) and the appearance of adverse effects. In a broader HIRA context, this translates to assessing

the maximum credible loss associated with a hazard.

Step 3: Exposure Assessment

This step estimates the extent to which workers are exposed to the hazard. It considers the duration, frequency,

and route of exposure. For example, in a manufacturing plant, an exposure assessment might measure the decibel

levels a worker experiences over an eight-hour shift.

Step 4: Risk Characterization

This is the synthesis of the previous steps to determine the overall risk level. It provides the final output used by

management to prioritize interventions. Is the risk 'Acceptable', 'Tolerable', or 'Unacceptable'?

Methodologies for Identification and Evaluation

Selecting the right methodology is crucial for the accuracy of a HIRARC report. Below is a comparison matrix of

common technical identification methods.



Methodology Primary Application Strengths Weaknesses

Job Safety Analysis (JSA) Routine manual tasks and 
mechanical operations.

Highly detailed for specific 
tasks; easy to implement at 
the floor level.

May miss systemic or 
environmental hazards.

What-If Analysis General process safety 
and preliminary reviews.

Flexible; encourages 
creative brainstorming of 
failure modes.

Highly dependent on the 
expertise of the team.

HAZOP (Hazard and 
Operability Study)

Complex chemical 
processes and engineering 
systems.

Rigorous; identifies 
process deviations using 
guide words.

Time-consuming and 
requires significant 
technical data.

FMEA (Failure Mode and 
Effects Analysis)

Product design and 
manufacturing system 
reliability.

Focuses on reliability and 
specific component failure.

Can be overly granular for 
general safety 
management.

Quantifying Risk: The 5x5 Risk Matrix

To ensure consistency across an organization, a standardized Risk Matrixis employed. This matrix allows safety

officers to categorize risks into Low, Medium, High, or Extreme bands.

Likelihood Scale (Probability)

1.  Rare: Only occurs in exceptional circumstances.

2.  Unlikely: Could occur at some time but is improbable.

3.  Possible: Might occur at some time.

4.  Likely: Will probably occur in most circumstances.

5.  Almost Certain: Expected to occur in most circumstances.

Severity Scale (Consequence)

1.  Insignificant: No injuries; low financial loss.

2.  Minor: First aid treatment; medium financial loss.

3.  Moderate: Medical treatment required; high financial loss.

4.  Major: Extensive injuries; loss of production; huge financial loss.

5.  Catastrophic: Death; toxic release with off-site effects; massive loss.

The Calculation Model

Using the 5x5 model, a 'Likely' occurrence (4) with 'Moderate' severity (3) results in a Risk Score of 12. Most 

organizations define scores of 1-4 as Low Risk, 5-10 as Medium Risk, 12-16 as High Risk, and 20-25 as Extreme/

Critical Risk. This numerical value dictates the urgency of the Risk Control measures.

Hierarchy of Controls: The Strategic Intervention

Once risks are assessed, the 'RC' in HIRARC—Risk Control—must be implemented. ISO 45001:2018 mandates

the use of the 'Hierarchy of Controls,' which prioritizes solutions from most effective to least effective.

1. Elimination

The most effective method involves physically removing the hazard. For instance, if a process uses a highly toxic

chemical, eliminating that process entirely removes the risk. This should always be the first consideration during the



design phase of a project.

2. Substitution

If elimination is not possible, replace the hazard with a less hazardous alternative. An example is substituting a

solvent-based paint with a water-based one to reduce volatile organic compound (VOC) exposure.

3. Engineering Controls

These involve physical changes to the workplace to isolate people from the hazard. Examples include machine

guarding, local exhaust ventilation (LEV) systems, and soundproof enclosures. These controls are highly effective

because they do not rely on human behavior.

4. Administrative Controls

Administrative controls change the way people work. This includes procedures, training, warning signs, and job

rotation. While necessary, they are less reliable than engineering controls because they depend on worker

compliance and memory.

5. Personal Protective Equipment (PPE)

PPE is the last line of defense. It includes respirators, safety goggles, high-visibility clothing, and steel-toed boots. It

is considered the least effective control because it does not remove the hazard; it only provides a barrier that can

fail if improperly used or maintained.

Integration with ISO 45001:2018

ISO 45001:2018 is the international standard for occupational health and safety. Unlike previous standards, it 

places a heavy emphasis on Clause 6.1.2: Hazard identification and assessment of risks and opportunities. A

robust HIRA process is not just a compliance requirement but a strategic tool for continuous improvement (Plan-Do-

Check-Act cycle).

Documentation and Record Keeping

Under ISO 45001, organizations must maintain documented information on their HIRARC processes. This

documentation serves as evidence of due diligence and provides a historical record for analyzing trends. Key

documents include:

•  Risk Register: A comprehensive list of all identified hazards and their associated risk levels.

•  Control Implementation Plans: Timelines and responsibilities for installing new safety measures.

•  Audit Reports: Results of internal and external reviews of the safety system.

Field Implementation: A Step-by-Step Practical Guide

Implementing HIRA in a real-world industrial setting requires a systematic approach. Below is a procedural

workflow for safety engineers.

Phase 1: Preparation

Assemble a multidisciplinary team. A successful HIRA cannot be performed by a single safety officer. It requires

input from maintenance technicians, operators, and engineers who understand the nuances of the machinery and

workflows.

Phase 2: Task Inventory

Break down the workplace into manageable areas and tasks. Create a list of all activities performed, including



routine (daily operations) and non-routine (maintenance, emergency shutdowns) tasks.

Phase 3: Direct Observation and Data Collection

Conduct walk-throughs and observe workers in action. Interview operators to identify 'near-misses' that may not

have been officially reported. Review Material Safety Data Sheets (MSDS) for all chemicals on-site.

Phase 4: Risk Scoring and Prioritization

Apply the 5x5 matrix to each identified hazard. Prioritize any hazard with a score in the 'Extreme' or 'High' range for

immediate corrective action. Ensure that 'Medium' risks have a documented mitigation plan.

Phase 5: Monitoring and Review

HIRARC is not a static document; it is a living process. It must be reviewed annually or whenever there is a

significant change in the workplace (e.g., new machinery, new personnel, or changes in raw materials).

Case Studies: Failure Modes and Operational Challenges

Even with a structured HIRA process, failures can occur. Understanding these common pitfalls is essential for a

Senior Technical Writer or Safety Strategist.

Scenario A: The 'Check-the-Box' Mentality

In many organizations, HIRA becomes a bureaucratic exercise where forms are filled out without genuine critical 

thinking. This leads to missing 'hidden' hazards, such as latent mechanical fatigue or cognitive overload in 

operators. Solution:Implement 'Dynamic Risk Assessments' where workers perform a quick mental HIRA before

starting any task.

Scenario B: Reliance on PPE Over Engineering

Cost-cutting measures often lead organizations to rely on cheap PPE rather than expensive engineering controls. 

For example, providing earplugs instead of insulating a loud compressor. Solution:Conduct a Cost-Benefit

Analysis (CBA) that accounts for the long-term costs of health claims and lost productivity versus the one-time cost

of engineering controls.

Scenario C: Static Risk Assessments

A HIRA conducted in 2020 may not be relevant in 2024 if the production speed has increased or if the workforce 

has aged. Solution: Trigger mandatory HIRA updates following any 'MOC' (Management of Change) event.

The Broader Implications of Effective HIRA

The successful implementation of HIRA and HIRARC extends far beyond simple legal compliance. It creates a

robust foundation for organizational resilience. In high-hazard industries like petrochemicals and sea ports, where a

single failure can lead to catastrophic environmental and human loss, HIRA is the primary defense mechanism

against systemic collapse.

Furthermore, an effective risk management strategy enhances brand reputation and investor confidence. In an era

where Environmental, Social, and Governance (ESG) metrics are increasingly scrutinized, a company's safety

record is a direct reflection of its operational maturity. By transitioning from a culture of 'accidents happen' to one of

'risks are managed,' organizations can achieve the 'Zero Accident' goal mentioned in contemporary Indonesian

safety studies (e.g., lppmunsera research).

Ultimately, HIRA is about empowering the workforce. When employees understand the hazards associated with



their tasks and see that management has implemented logical, effective controls, engagement and productivity

naturally increase. The technical rigor of a well-documented HIRARC system is the definitive blueprint for a safer,

more sustainable industrial future.
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