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Calibration and Validation

Calibration

Definition

o Calibrationis the process of configuring an instrument to provide accurate results by
comparing it with a known standard.

General Principles of Calibration

1. Traceability: Calibration should be performed using standard references that are traceable to
national or international standards.

. Accuracy and Precision: The instrument should give measurements that are both accurate
(close to the true value) and precise (repeatable).

Frequency of Calibration: Instruments should be calibrated at regular intervals depending on
their usage and stability.

Environmental Factors: Conditions such as temperature, humidity, and pressure can affect
calibration and must be controlled.

Documentation: Calibration records must be maintained for regulatory compliance and
quality assurance.

Types of Calibration

Equipment Calibration

Temperature Calibration

< Types of Calibration

Process Calibration

Standardization Calibration

Equipment Calibration: Ensures instruments (e.g., pH meters, balances, pipettes) provide
accurate readings.

. Temperature Calibration: Verifies accuracy of temperature measurement devices for storage
and sterile processes.

Process Calibration: Ensures entire processes function correctly through statistical and
measurement techniques.

. Standardization Calibration: Maintains consistency across procedures, locations, and staff
using SOPs and quality control.

Scope of Calibration

e Calibration applies to various instruments, including balances, thermometers, pressure
gauges, pH meters, and flowmeters.
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It extends to complex systems such as manufacturing lines, medical diagnostics, and
environmental monitoring.

Purpose

To ensure instruments provide accurate and reliable measurements within an acceptable
range of error or uncertainty.

Objectives

1.

2
3
4.
5

Verify accuracy of instruments.

Ensure consistency and repeatability of measurements.
Maintain traceability to national or international standards.
Identify and correct deviations.

Ensure compliance with regulatory standards.

Calibration Methods & Procedures

. Comparison to a Reference Standard: Compare instrument readings with a known reference

standard.

. Adjustment: Align the instrument based on deviations observed.

Uncertainty Evaluation: Analyze factors affecting measurement confidence, like
environmental conditions and drift.

Documentation: Record calibration steps, results, and adjustments.

Regular Calibration: Conduct calibration at defined intervals based on industry requirements.

. Traceability Verification: Ensure measurements link back to a certified reference standard.

Importance of Calibration

1.

Ensures Accuracy: Prevents measurement errors, crucial in pharmaceutical and scientific
fields.

Maintains Reliability: Detects and corrects instrument issues, extending equipment lifespan.
Ensures Regulatory Compliance: Meets industry and legal calibration standards.

Improves Quality: Ensures product consistency and adherence to required specifications.

. Saves Time & Cost: Prevents major errors, reduces downtime, and minimizes financial losses.

Qualification in Pharmaceutical Quality Assurance

Definition:

Qualification is the documented verification that an instrument or equipment is installed,
operated, and maintained correctly to perform as intended.

Principles of Qualification
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The key principles include:

1. Define Intended Use and Performance Requirements: Clearly establish the purpose and
performance expectations of the equipment or system.

. Develop a Qualification Plan: Outline the testing procedures, acceptance criteria, and
required documentation.

. Conduct Qualification Tests: Perform verification tests under controlled conditions to confirm
compliance.

. Document and Analyze Test Results: Maintain thorough records of test results and assess
compliance with regulatory standards.

. Implement Monitoring Systems: Establish ongoing monitoring to ensure continuous
compliance and optimal performance.

Scope & Importance of Qualification

o Qualification is crucial in pharmaceuticals, biotechnology, medical devices, and food
manufacturing.

e Ithelpsto:
a) Ensure equipment/systems are fit for their intended use.
b) Maintain regulatory compliance.
¢) Reduce risks of equipment failure and quality issues.
d) Improve process controland efficiency.

e) Enhance product quality and consistency.

Types of Qualification

. Design Qualification (DQ): Ensures equipment/system design meets user requirements.

. Installation Qualification (IQ): Verifies correct installation as per manufacturer’s
specifications.

. Operational Qualification (0Q): Confirms proper functioning within required parameters.

. Performance Qualification (PQ): Demonstrates consistent performance under normal
conditions.

Validation in Pharmaceutical Quality Assurance

Definition:

« Validation is a systematic approach to ensure that a process, method, or system consistently
produces reliable results that meet predefined standards.

General Principles of Validation:

1. Scientific Approach: Validation should be based on scientific principles and statistical
analysis.
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