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Professional Certificate in Quality Assurance in Packaging Industry

Risk Assessment and HACCP for Packaging

Risk assessment is the systematic process of identifying, evaluating, and controlling hazards that could
affect the safety, quality, or regulatory compliance of packaged products. In the packaging industry, risk
assessment focuses on both the product itself and the packaging materials, machinery, processes, and
distribution environment. Understanding the vocabulary associated with risk assessment is essential for
developing robust safety systems and for integrating HACCP (Hazard Analysis and Critical Control Point)
principles into packaging operations.

Hazard — Any biological, chemical, or physical agent with the potential to cause harm. In packaging, hazards
may originate from contaminants in the packaging material, residues from cleaning agents, or physical
objects such as metal fragments generated by equipment wear.

Risk — The combination of the probability that a hazard will occur and the severity of its consequences. Risk
is expressed qualitatively (high, medium, low) or quantitatively (probability x impact).

Risk matrix — A visual tool that plots likelihood against severity to prioritize hazards. The matrix helps teams
focus resources on the most critical risks.

Likelihood — The chance that a specific hazard will materialize during a packaging operation. Likelihood can
be estimated based on historical data, expert judgment, or statistical models.

Severity — The degree of impact on product safety, consumer health, brand reputation, or regulatory
compliance if the hazard occurs. Severity is often categorized as minor, moderate, major, or catastrophic.

Control measure — Any action, procedure, or device that reduces the probability or severity of a hazard.
Control measures may be preventive (e.G., EqQuipment maintenance) or corrective (e.G., Product rejection).

Preventive control — A specific type of control measure that aims to prevent a hazard from occurring.
Preventive controls are preferred in HACCP because they address the root cause rather than reacting after
the fact.

Corrective action — A step taken after a deviation is detected to bring the process back into compliance and
to prevent recurrence. Corrective actions often involve product segregation, equipment repair, and
documentation.

Critical limit — A quantitative or qualitative threshold that must be met to ensure a hazard is under control.
Critical limits are defined for each critical control point (CCP) and are essential for monitoring.

Critical control point (CCP) — A step in the packaging process where control can be applied and is essential
to prevent, eliminate, or reduce a hazard to an acceptable level. Identifying CCPs requires a systematic
analysis of each process step.
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Monitoring — The ongoing observation or measurement of a CCP to ensure that critical limits are being met.
Monitoring may be manual (visual inspection) or automated (sensor data).

Verification — Activities that confirm the HACCP system is functioning correctly. Verification includes
reviewing records, conducting internal audits, and performing independent testing.

Documentation — The written records that provide evidence of compliance with HACCP and risk-assessment
procedures. Documentation must be accurate, complete, and readily accessible for inspection.

Traceability — The ability to track a packaged product and its components through all stages of production,
processing, and distribution. Traceability is vital for rapid response in the event of a recall.

Recall — The removal of a product from the market due to safety or quality concerns. Effective recall
procedures rely on accurate traceability and well-documented risk assessments.

Food contact material (FCM) — Any material or article intended to come into direct contact with food,
including plastics, paper, metal, and coatings. FCMs are subject to strict regulatory requirements because
they can migrate substances into the food.

Migration — The transfer of chemicals from packaging material to the food product. Migration can be
intentional (e.G., Antimicrobial agents) or unintentional (e.G., Plasticizers).

Regulatory limit — The maximum allowable concentration of a contaminant or migratory substance as
defined by authorities such as the FDA, EFSA, or local food safety agencies.

Good Manufacturing Practice (GMP) — A set of guidelines that ensure products are consistently produced
and controlled according to quality standards. GMP forms the foundation for risk assessment and HACCP
implementation.

Standard Operating Procedure (SOP) — A detailed, written instruction that describes how to perform a
specific task. SOPs are essential for maintaining consistency and for training personnel.

Process flow diagram (PFD) — A graphical representation of the sequence of operations in a packaging line.
The PFD is the first step in hazard analysis because it clarifies where hazards may be introduced.

Failure mode — A specific way in which a component, system, or process can fail. Failure mode analysis
(FMA) helps identify potential sources of risk.

Failure mode and effects analysis (FMEA) — A systematic method for evaluating potential failure modes, their
causes, and the effects on product safety. FMEA is often used alongside HACCP to prioritize risk mitigation.

Root cause analysis (RCA) — A technique used to determine the underlying cause of a deviation or failure.
RCA guides the development of effective corrective actions.

Supplier qualification — The process of assessing and approving raw material and packaging component
suppliers based on their ability to meet quality and safety standards.
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Audit — A systematic, independent examination of processes, records, and systems to verify compliance with
internal policies and external regulations.

Non-conformance — Any deviation from specified requirements, including product specifications, process
parameters, or documentation standards.

Corrective and preventive action (CAPA) — A combined approach that addresses immediate corrective steps
and implements preventive measures to avoid recurrence.

Statistical process control (SPC) — The use of statistical methods to monitor and control a process. SPC
charts help detect trends that may indicate an emerging risk.

Control chart — A graphical tool used in SPC to display process variation over time. Control limits define the
acceptable range of variation.

Process validation — The collection and evaluation of evidence that a process consistently produces a
product meeting predetermined specifications.

Design of experiments (DoE) — A structured, statistical approach to determine the relationship between
factors affecting a process and the output quality.

Cross-contamination — The unintended transfer of contaminants from one product, surface, or material to
another. In packaging, cross-contamination can occur via shared equipment, dust, or airborne particles.

Allergen control — Measures taken to prevent the presence of allergenic substances in packaged products,
which may include dedicated lines, cleaning verification, and labeling.

Sanitation — The process of cleaning and disinfecting equipment, surfaces, and the environment to reduce
microbial load.

Environmental monitoring — The systematic testing of air, surfaces, and water in the packaging facility to
detect microbial or chemical hazards.

Material safety data sheet (MSDS) — A document that provides information on the hazards of chemicals
used in cleaning, lubricants, or inks. MSDSs are essential for safe handling and risk assessment.

Label integrity — The ability of a label to remain attached and legible throughout the product’s lifecycle.
Label failure can lead to miscommunication of critical safety information.

Barrier property — The ability of a packaging material to resist the transmission of gases, moisture, or other
substances. Barrier failures can compromise product shelf life and safety.

Shelf life — The period during which a product remains safe and retains its intended quality under specified
storage conditions. Shelf-life determination requires understanding of both product and packaging
interactions.

Accelerated shelf-life testing — A method that subjects products to elevated temperature or humidity to
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predict long-term stability. Results inform packaging selection and risk mitigation.

Packaging integrity testing — Procedures such as leak detection, burst testing, and drop testing that evaluate
the robustness of packaging. Integrity testing identifies physical hazards that could expose the product to
contamination.

Vacuum packaging — A method that removes air from the package before sealing. Vacuum packaging
reduces aerobic microbial growth but introduces risks such as package collapse if not properly designed.

Modified atmosphere packaging (MAP) — The use of specific gas mixtures to extend product freshness. MAP
requires careful control of gas composition, as deviations can promote pathogen growth.

Active packaging — Packaging that incorporates components (e.G., Antimicrobial films) that actively interact
with the product to improve safety or quality. Active packaging introduces new chemical hazards that must
be assessed.

Smart packaging — Packaging equipped with sensors or indicators that provide real-time information about
product condition. Smart packaging can aid in risk monitoring but also adds complexity to validation.

Plasticizer — A substance added to polymers to increase flexibility. Plasticizers may migrate into food,
creating a chemical hazard that must be monitored.

Bisphenol A (BPA) — A chemical used in certain plastics and epoxy resins that has raised health concerns.
BPA presence in packaging is regulated, and risk assessments must verify compliance with migration limits.

Phthalates — A group of plasticizers often found in flexible packaging. Phthalates are subject to strict
migration limits due to endocrine-disrupting potential.

Coating — A layer applied to packaging material to provide barrier, aesthetic, or functional properties.
Coatings can introduce hazards such as heavy metals or solvent residues.

Ink migration — The transfer of ink components from printed packaging to the product. Ink migration is a
common concern for printed food packaging and must be evaluated during risk assessment.

Cleaning validation — The process of proving that cleaning procedures effectively remove residues and
contaminants. Validation involves sampling, analytical testing, and establishing acceptable limits.

Sanitizer efficacy — The ability of a sanitizing agent to achieve a specified reduction in microbial load.
Efficacy testing ensures that sanitizers meet regulatory and internal standards.

Microbial load — The total number of microorganisms present on a surface or in a product. Monitoring
microbial load helps assess the effectiveness of sanitation and the risk of spoilage.

Pathogen — A microorganism capable of causing disease. Common food-borne pathogens of concern in
packaging include Listeria monocytogenes, Salmonella, and Escherichia coli.

HACCP — A systematic, preventive approach to food safety that identifies critical points in the process where
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hazards can be controlled. HACCP is mandated for many food-related packaging operations.

Principle 1: Hazard analysis — The first HACCP principle involves identifying all potential hazards associated
with the packaging process, from raw material receipt to final distribution.

Principle 2: Identify CCPs — Determining which steps are critical control points where control is essential to
prevent, eliminate, or reduce hazards.

Principle 3: Establish critical limits — Defining measurable parameters (e.G., Temperature, pressure, humidity)
that must be met at each CCP.

Principle 4: Monitoring procedures — Developing systematic methods to ensure that each CCP stays within
its critical limits.

Principle 5: Corrective actions — Specifying actions to be taken when monitoring indicates a deviation from
critical limits.

Principle 6: Verification — Conducting activities that confirm the HACCP system is effective and being
properly implemented.

Principle 7: Documentation and record-keeping — Maintaining comprehensive records of hazard analyses,
CCP monitoring, corrective actions, and verification activities.

The following sections expand on each term, illustrate practical applications, and discuss challenges
commonly encountered in packaging environments.

Risk identification in packaging begins with a thorough review of the process flow diagram. The PFD should
detail every operation, including material receipt, storage, printing, forming, filling, sealing, labeling, and
palletizing. At each step, the team asks: “What could go wrong?” For example, during the printing stage, ink
pigments may contain heavy metals. During sealing, an improperly calibrated heat sealer could create weak
seals, exposing the product to contamination.

Risk evaluation uses the risk matrix to assign likelihood and severity scores. Suppose ink migration is
considered low likelihood (based on historical data) but high severity (due to potential toxicity). The
resulting risk rating would be medium to high, prompting the implementation of a control measure such as
selecting low-migration inks or adding a barrier layer.

Control measures are selected based on hierarchy of controls: Elimination, substitution, engineering
controls, administrative controls, and personal protective equipment (PPE). In packaging, elimination might
involve removing a hazardous coating altogether. Substitution could replace a BPA-containing polymer with
a BPA-free alternative. Engineering controls include installing metal detectors to catch foreign objects.
Administrative controls encompass SOPs for equipment cleaning, and PPE ensures worker safety during
cleaning operations.
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Critical control points (CCPs) in packaging are often fewer than in the food processing steps, but they are
nonetheless vital. Typical CCPs include:

1. Material inspection — Verifying that incoming packaging materials meet specifications for contaminants,
migration limits, and physical properties. 2. Sealing operation — Monitoring temperature and dwell time to
ensure seal integrity. 3. Label application — Checking that labels are correctly placed and fully adhered to
prevent mis-labeling. 4. Final product inspection — Conducting visual and instrumental checks for leaks,
dents, or foreign objects.

Each CCP must have a clearly defined critical limit. For the sealing operation, a critical limit might be a
temperature range of 180°C + 5°C and a dwell time of 0.8 Seconds + 0.1 Seconds. Sensors on the sealer
continuously record these parameters, and any deviation triggers an immediate corrective action.

Monitoring procedures can be manual, such as a trained operator inspecting seal strength with a handheld
gauge, or automated, such as a PLC (programmable logic controller) that logs temperature data in real time.
Monitoring frequency is determined by the risk level; high-risk CCPs are monitored continuously, while
lower-risk steps may be sampled at predetermined intervals.

Corrective actions must be documented and include the following elements:

- Identification of the deviation (e.G., Temperature out of range).

- Immediate containment (e.G., Diverting the affected product to a quarantine area).

- Root cause investigation (e.G., Thermostat failure).

- Corrective step (e.G., Replace thermostat, recalibrate sensor).

- Verification that the corrective action restored compliance (e.G., Post-repair monitoring data).
- Preventive measures to avoid recurrence (e.G., Schedule preventive maintenance).

Verification activities for packaging HACCP include internal audits, review of monitoring records, and
periodic testing of finished packages for migration or integrity. Validation of the sealing process may
involve destructive testing of sample seals to confirm they meet the required burst pressure.

Documentation is the backbone of any risk-assessment or HACCP program. A typical record set includes:

- Hazard analysis worksheets.

- CCP monitoring logs.

- Calibration certificates for sensors and instruments.
- Training records for personnel.

- Supplier qualification files.

- Recall plans and mock-recall exercise results.

All records should be retained for the period required by regulatory agencies, often at least two years, and
must be readily retrievable during inspections.

Practical application: Migration testing
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Migration testing evaluates the transfer of substances from packaging to food. The steps are:

1. Select a food simulant that represents the product’'s composition (e.G., 10 % Ethanol for aqueous foods,
olive oil for fatty foods). 2. Condition the packaging material under intended storage conditions
(temperature, humidity, time). 3. Contact the simulant with the material for a defined period, often 10 days
at 40°C for accelerated testing. 4. Analyze the simulant using appropriate analytical methods (e.G., GC-MS
for plasticizers, HPLC for BPA). 5. Compare measured concentrations to regulatory limits.

If migration exceeds limits, the risk assessment must be updated, and corrective actions may include
selecting a different material, adding a barrier layer, or altering the product formulation to reduce
interaction.

Practical application: Metal detection
Metal detection is a common CCP for physical hazards. To implement an effective metal-detection program:

- Establish a detection sensitivity (e.G., 2 Mm ferrous, 5mm non-ferrous) based on the smallest hazardous
fragment that could cause injury.

- Perform a validation study using test pieces spiked with known metal fragments to verify detection
capability.

- Set up a routine monitoring schedule, typically continuous, with alarms that automatically divert
contaminated packages.

- Record each alarm event, including time, location, and corrective action taken.

- Conduct periodic performance checks (e.G., Monthly) to ensure the detector’s sensitivity has not drifted.

Challenges in packaging risk assessment

1. Complex supply chains — Multiple suppliers for raw materials, inks, adhesives, and coatings increase the
difficulty of maintaining consistent quality. Supplier qualification programs must be robust and include
on-site audits, sample testing, and ongoing performance monitoring.

2. Emerging contaminants — New chemicals, such as per- and polyfluoroalkyl substances (PFAS), are gaining
regulatory attention. Risk assessors must stay informed of evolving legislation and may need to conduct
additional migration studies.

3. Variability in equipment — Wear and tear on sealing jaws, printing plates, or cutting blades can introduce
variability. Preventive maintenance schedules and condition-monitoring technologies (e.G., Vibration
analysis) help mitigate this risk.

4. Integration of digital technologies — Smart packaging and IoT sensors provide valuable data but also
create new cybersecurity risks. Organizations must develop policies for data integrity, access control, and
incident response.
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5. Regulatory divergence — Different markets may have conflicting requirements (e.G., EU vs. US limits on
certain additives). Companies must harmonize their packaging specifications or produce market-specific
versions, each with its own risk assessment.

6. Training and competence — Effective HACCP implementation relies on staff understanding the rationale
behind each control measure. Ongoing training, competency assessments, and clear SOPs are essential to
maintain vigilance.

7. Cost constraints — Implementing high-precision monitoring equipment or conducting extensive migration
testing can be expensive. Risk assessors must balance safety objectives with economic feasibility, often
using risk-based prioritization to allocate resources where they yield the greatest risk reduction.

Risk assessment tools specific to packaging

- FMEA worksheets — Structured forms that list potential failure modes (e.G., “Seal temperature too low"),
causes (e.G., “Thermostat drift”), effects (e.G., “Seal failure”), and assign severity, occurrence, and detection
scores. Multiplying these scores yields a risk priority number (RPN) that guides corrective action planning.

- HACCP worksheets — Templates that capture hazard identification, CCP determination, critical limits,
monitoring procedures, and verification activities. Using standardized worksheets ensures consistency
across product lines.

- Software platforms — Integrated quality-management systems (QMS) can host risk-assessment data,
automate alerts for out-of-specification events, and generate reports for auditors. When selecting software,
consider user-friendliness, scalability, and compliance with data-integrity standards.

- Statistical tools — Control charts (e.G., X-bar, R-chart) monitor process variation. For packaging, a common
metric is the seal strength measured in Newtons; a control chart can quickly reveal trends that indicate
equipment wear.

Case study: Mitigating ink migration in printed food cartons

A mid-size snack manufacturer experienced consumer complaints about an off-taste in their packaged
chips. Investigation traced the issue to a newly introduced soy-based ink used on the outer carton.
Analytical testing revealed that a pigment component was migrating into the product at levels exceeding
the EU'’s specific migration limit.

The risk assessment process unfolded as follows:

1. Hazard identification — The ink pigment was classified as a chemical hazard with potential toxicological
impact. 2. Likelihood assessment — Historical data showed low migration for the previous ink, but the new
formulation introduced uncertainty. 3. Severity assessment — The toxicological profile indicated a moderate
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health risk if consumed in large quantities. 4. Risk rating — Medium-high, prompting immediate action. 5.
Control measure — The company substituted the soy-based ink with a certified low-migration, water-based
ink. 6. Validation — Migration tests using a fatty food simulant confirmed compliance. 7. Monitoring —
Routine spot checks of printed cartons were instituted, and the ink supplier was added to the approved
vendor list after a successful audit. 8. Documentation — All findings, test results, and corrective actions were
recorded in the QMS.

Through this systematic approach, the manufacturer eliminated the hazard, restored consumer confidence,
and avoided costly product recalls.

Case study: Metal fragment detection in a canned beverage line

A beverage producer received a complaint of a metal fragment in a can. The incident triggered a recall of a
single batch. The subsequent risk assessment identified the following chain of events:

- The metal detector’s sensitivity had been reduced during a maintenance interval and not recalibrated.
- A cleaning brush with a worn metal bristle broke off inside the filler head, creating the fragment.
- The fragment was not detected because the detector’s setting was too low.

Corrective actions included:

- Immediate recalibration of the metal detector to the original sensitivity.

- Replacement of the cleaning brush with a non-metallic alternative.

- Revision of the preventive maintenance schedule to include detector checks after each brush change.
- Implementation of an additional visual inspection step for critical batches.

Verification activities showed zero detections over a 30-day monitoring period, and the risk of metal
contamination was re-rated as low.

Integrating HACCP with ISO 22000 and other standards

Many packaging companies adopt multiple management system standards to meet customer expectations
and regulatory demands. ISO 22000, the international standard for food safety management, incorporates
HACCP principles and adds requirements for communication, prerequisite programs (PRPs), and continual
improvement. When aligning HACCP with ISO 22000, the following considerations are essential:

- PRPs such as sanitation, supplier management, and equipment maintenance must be documented and
integrated with the HACCP plan.

- The scope of the HACCP plan should be clearly defined and linked to the overall food safety policy.

- Internal audit programs must cover both HACCP and ISO 22000 elements, ensuring that corrective actions
address root causes across both frameworks.

- Management review meetings should evaluate performance metrics from HACCP monitoring, ISO 22000
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objectives, and risk-assessment outcomes.

Similarly, ISO 9001 (quality management) and I1SO 14001 (environmental management) can be harmonized
with HACCP to create a comprehensive, cross-functional management system that addresses quality, safety,
and environmental performance.

Key performance indicators (KPIs) for packaging risk management
Effective risk management is measurable. Typical KPIs include:

- Number of deviations per million units — Tracks the frequency of out-of-specification events.

- Mean time to detect (MTTD) — The average time taken to identify a deviation from a critical limit.

- Mean time to repair (MTTR) — The average time required to correct a identified deviation.

- Percentage of suppliers meeting migration limits — Assesses supplier performance on chemical safety.
- Audit closure rate — The proportion of audit findings that are resolved within a target timeframe.

- Training completion rate — The percentage of staff who have completed required HACCP and GMP
training.

Monitoring these KPIs enables management to focus resources on areas with the greatest risk and to
demonstrate continuous improvement to regulators and customers.

Emerging technologies that support risk assessment and HACCP in packaging

1. Machine vision — High-resolution cameras combined with Al algorithms can inspect seals, label
placement, and surface defects in real time, providing instant feedback and reducing reliance on manual
inspection.

2. loT sensors — Wireless temperature, humidity, and pressure sensors placed on production lines transmit
data to cloud platforms, facilitating continuous monitoring of environmental conditions that affect product
safety.

3. Blockchain — Distributed ledger technology can record each step of the packaging process, creating an
immutable chain of custody that enhances traceability and supports rapid recall execution.

4. Predictive analytics — Machine-learning models trained on historical process data can predict equipment
failures before they occur, allowing preventive maintenance that reduces the risk of process deviations.

5. Rapid analytical methods — Techniques such as portable FTIR or Raman spectroscopy can quickly screen
for contaminants on packaging surfaces, enabling on-site verification without the need for laboratory
analysis.

Adopting these technologies requires careful validation to ensure that they meet regulatory expectations
and that the data they generate is reliable for HACCP decision-making.
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Regulatory considerations specific to packaging

- Food Contact Materials Regulations (FCM) — In the United States, the FDA’s Title21 CFR Part 177 outlines
permissible substances and migration limits. In the European Union, Regulation (EC) 1935/2004 and specific
annexes (e.G., No 10 for plastics) govern FCM compliance. Companies must maintain a dossier of all
substances used in packaging, including their intended use and migration data.

- Good Agricultural Practice (GAP) impact — For fresh produce packaging, the quality of the agricultural
product influences packaging risk. Residues from pesticides may interact with packaging materials,
requiring joint risk assessments with growers.

- Labeling requirements — Packaging must convey accurate allergen information, nutritional data, and
storage instructions. Mis-labeling can be a critical violation, and label integrity testing is essential to ensure
that information remains legible throughout distribution.

- Environmental regulations — Restrictions on single-use plastics, recycling mandates, and extended
producer responsibility (EPR) schemes affect material selection. Risk assessments must consider the
environmental impact of packaging choices alongside safety concerns.

Implementing a robust risk-assessment culture
Creating a culture where risk assessment is embedded in daily operations involves several steps:

1. Leadership commitment — Management must visibly support risk-assessment activities, allocate
resources, and hold teams accountable for compliance. 2. Cross-functional collaboration — Packaging
engineers, quality assurance, food safety, procurement, and maintenance must work together to identify
hazards and develop controls. 3. Empowerment of frontline staff — Operators should be trained to recognize
deviations, understand the importance of monitoring, and feel comfortable reporting issues without fear of
reprisal. 4. Continuous learning — Lessons learned from incidents, audit findings, and industry developments
should be incorporated into training programs and SOP revisions. 5. Transparent communication —
Risk-assessment findings, corrective actions, and performance metrics should be shared across the
organization to reinforce the collective responsibility for safety.

Summary of essential vocabulary

Risk assessment and HACCP for packaging rely on a shared language that ensures consistency and clarity
across all stakeholders. The most critical terms include:

- Hazard, risk, likelihood, severity
- Control measure, preventive control, corrective action

Read online: https://certificates.HealthCareCourses.org.uk/guides/ HealthCareCourses (An LSIB brand) - 08 Jul 2026
5428775/risk-assessment-and-haccp-for-packaging



Healthsé uipE

- Critical limit, CCP, monitoring, verification

- Documentation, traceability, recall, FCM, migration

- GMP, SOP, PFD, failure mode, FMEA, RCA

- Supplier qualification, audit, non-conformance, CAPA

- SPC, control chart, process validation, DoE

- Cross-contamination, allergen control, sanitation, environmental monitoring

- MSDS, label integrity, barrier property, shelf life, accelerated testing

- Vacuum packaging, MAP, active packaging, smart packaging

- Plasticizer, BPA, phthalates, coating, ink migration

- Cleaning validation, sanitizer efficacy, microbial load, pathogen

- HACCP principles (hazard analysis, CCP identification, critical limits, monitoring, corrective actions,
verification, documentation)

- FMEA, HACCP worksheets, software platforms, statistical tools

- Metal detection, migration testing, case studies, ISO 22000, ISO 9001, ISO 14001

- KPIs, machine vision, loT sensors, blockchain, predictive analytics, rapid analytical methods
- Regulatory frameworks (FDA, EU, labeling, environmental)

By mastering these terms, professionals can develop and maintain effective risk-assessment programs,
ensure compliance with HACCP and regulatory requirements, and protect both consumers and the brand
reputation of the packaging organization.
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