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ABSTRACT—

Calibration is a vital activity in the pharmaceutical manufacturing process that ensures measurement instruments produce accurate and reliable data. The
pharmaceutical industry, being highly regulated, mandates strict adherence to calibration protocols to maintain product quality, ensure patient safety, and comply
with regulatory requirements such as those issued by the US FDA, WHO, and ISO. This paper presents a comprehensive survey of the standards, best practices,
methodologies, and technological advancements in calibration, particularly focusing on drug product instrumentation pharmaceutical environments. The study also
explores how Biocon Biologics Ltd implements these practices and overcomes associated challenges, offering a practical lens on the subject.

Keyword: Calibration, Pharmaceutical Instrumentation, GMP, 1SO 17025, Biocon Biologics, Quality Assurance, Regulatory Standards.

I. INTRODUCTION

In pharmaceutical manufacturing, precision and reliability are non-negotiable. Measurement instruments like temperature sensors, pressure transmitters,
conductivity meters, balances, and HPLC systems must consistently function within defined tolerances to maintain product integrity. Calibration of these
instruments forms the foundation of Good Manufacturing Practice (GMP) and is a central focus of regulatory inspections. The consequences of poor
calibration range from minor data deviations to large-scale product recalls, non-compliance penalties, or harm to patients. This survey aims to provide a
structured understanding of calibration practices, standards, challenges, and digital transformation within the industry

I1. Importance of Calibration in Pharmaceutical Manufacturing

Calibration ensures that the data generated by instruments is traceable to internationally recognized standards. Traceability supports audits,
reproducibility, and accountability. In a pharmaceutical plant, calibration helps in:Validating process control parameters during manufacturing. Reducing
variability in product quality.Supporting deviation investigations by confirming instrument accuracy.Ensuring data integrity for regulatory submissions.
For example, a pressure sensor controlling nitrogen overlay in a sterile filling line must be calibrated to prevent contamination. Thus, calibration is directly
linked to critical quality attributes (CQAs) of pharmaceutical products.

I11. Regulatory Standards and Guidelines

Several regulatory bodies and frameworks govern calibration requirements in the pharmaceutical industry:

US FDA 21 CFR Part 211.68: Mandates that instruments used in production must be calibrated regularly and checked for accuracy.
WHO GMP Annex 4: States that calibration should be performed using standards traceable to international references.

ISO/IEC 17025:2017: Defines requirements for competence of calibration/testing labs, including uncertainty calculations and traceability.
ICH Q9/Q10: Stress the importance of risk-based approaches in quality management and calibration frequency determination.

Failure to comply with these standards has resulted in Warning Letters and Consent Decrees for several pharma firms globally

1V.Classification of Instruments for Calibration

In pharmaceutical facilities, instruments are categorized based on their criticality:
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> Critical Instruments: These are directly involved in product quality, such as temperature controllers in sterilizers, pressure gauges in cleanrooms,
and balances used for ingredient measurement.

> Non-Critical Instruments: These instruments monitor auxiliary parameters like ambient temperature, humidity, or lighting. While still important,
their calibration has a lower impact on product quality.

Instrument classification determines the calibration frequency and required accuracy. Typically, critical instruments are calibrated more frequently—
monthly, quarterly, or before every batch, depending on the risk they pose.

V. Calibration Methodologies and Classification

Calibration methodologies in pharmaceutical settings vary depending on the nature of the instrument, its location within the production process, and its
impact on product quality. In a typical pharmaceutical facility like Biocon Biologics Ltd, instruments are broadly classified into critical and non-critical
categories. Critical instruments are those that directly influence the quality, safety, or efficacy of a drug product. These include pressure transmitters,
precision balances, autoclave temperature sensors, and differential pressure gauges in sterile environments. Non-critical instruments, while still important,
are typically used for monitoring ambient parameters such as room temperature or humidity and have a lesser direct impact on the final product.

Calibration involves a process of comparing the readings of an instrument with a known reference standard. Techniques such as zero and span calibration
are commonly used for analog transmitters, while balances and temperature controllers undergo single-point or multi-point calibration, depending on
their application and range. The process begins with capturing the 'as-found' values, which represent the instrument’s performance before any adjustment.
If the readings deviate beyond the acceptable tolerance, calibration adjustments are made, and 'as-left' readings are recorded to verify accuracy after
correction. This practice ensures both traceability and reliability of measurements.

The calibration frequency is determined by evaluating the instrument’s criticality, historical performance, and manufacturer recommendations.
Instruments that have previously exhibited drift or failure may be scheduled for more frequent calibration. Moreover, all calibration activities are
documented in accordance with GMP standards, including details such as date, time, environmental conditions, reference equipment used, and personnel
involved. The documentation supports regulatory inspections and internal audits, forming a robust traceability chain for each instrument.

Whether performed in-house by qualified technicians or outsourced to accredited third-party laboratories, calibration remains a quality assurance
cornerstone in pharmaceutical operations. At Biocon Biologics, instruments undergo rigorous assessments to determine the most appropriate calibration
strategy, ensuring that every device functions within validated parameters throughout its lifecycle.

V1. Role of CMMS and Automation

Computerized Maintenance Management Systems (CMMS) such as SAP PM are used to plan, record, and audit calibration activities. CMMS enhances:
> Scheduling: Auto-generates work orders based on calibration due dates.

> Traceability: Links instruments to asset tags, SOPs, and previous calibrations.

> Audit readiness: Provides audit trails, timestamps, and digital signatures.

> Deviations and CAPAs: Tracks failed calibrations and triggers Corrective and Preventive Actions.

At Biocon Biologics, the calibration team uses CMMS for compliance monitoring and dashboard tracking of overdue calibrations.

VII. Calibration Challenges in the Industry

Despite best efforts, pharmaceutical calibration teams face several challenges:

Environmental variability: Changes in humidity or temperature can affect instrument accuracy.
Skill gap: Lack of trained technicians for high-precision calibration.

Frequent regulatory changes: SOPs must be frequently updated.

Logistical issues: Managing hundreds of instruments across multiple buildings or cleanroom areas.
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VII1. Calibration Documentation and Audit Preparedness

—

Proper documentation is a hallmark of compliant calibration practices. Each instrument must have a calibration record that includes the date of calibration,
person performing it, reference standard used, calibration results, and any corrective action taken. Records must be readily accessible for audits and
regulatory inspections.At Biocon Biologics, calibration data is maintained both in physical files and in digital systems with audit trail functionality. This
improves data integrity and traceability, helping the organization stay audit-ready at all times.

IX. CONCLUSION

Calibration is integral to maintaining pharmaceutical product quality and regulatory compliance. A structured, well-documented calibration program
minimizes risks, ensures patient safety, and contributes to process efficiency. As pharmaceutical manufacturing evolves, calibration practices must align
with digital trends, regulatory updates, and global quality standards to remain effective.Biocon Biologics’ implementation of a robust calibration
framework exemplifies best practices that the pharmaceutical industry can emulate. Continued investment in automation, training, and system integration
will be key to future-proofing calibration processes.
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