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il Preface

In recent years, contamination control has emerged as one of the most critical focus areas for pharmaceutical
manufacturers. Evolving regulatory expectations, learnings from inspections, and the industry’s own commitment to
patient safety have all highlighted the need for stronger, more practical contamination-prevention strategies across
facilities, equipment, and processes. With this background, the idea of developing a clear, experience-driven best practice
guide took shape.

This document is the outcome of a collaborative effort by senior leaders from multiple organizations who came together
with a common objective: to create a practical and science-based reference that would help teams on the ground
strengthen contamination control. The working group spent several months reviewing day-to-day challenges, analysing
regulatory observations, and comparing industry practices with global expectations from regulatory agencies.

We acknowledge the contributions of Mr. Pravin Kulkarni (Sun Pharma), Mr. Vijay K. Patel (Torrent Pharma), Mr. Amit
Singh (USV), and Dr. Sanjay Kapadia (IPCA), whose collective experience and operational knowledge have shaped this
document. Their discussions, examples from real manufacturing situations, and commitment to improving standards
across the industry have been invaluable. The team had the guidance and mentorship of Dr. Ranjana Pathak (Lupin},
whose direction ensured that the recommendations in this guide are aligned with scientific principles and the evolving
regulatory landscape.

This guide aims to support manufacturers in strengthening contamination-control practices, improving equipment and
facility design considerations, and building robust cleaning and prevention systems. More importantly, it reflects the
belief that contamination control is not a one-time activity but a continuous discipline that benefits from shared learning
and industry-wide collaboration.

Indian Pharmaceutical Alliance is pleased to make this document available so that it can serve as a practical reference for
teams across India and beyond. It is our hope that the collective effort behind this guide will support the industry’s
ongoing journey toward higher quality standards and improved patient safety.

Mr. Shirish Belapure and Dr. Rajiv Desai
Senior Technical Advisors at Indian Pharmaceutical Alliance
20th January 2026
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A Preamble

Over the past decade, the pharmaceutical industry has faced numerous contamination incidents,
highlighting critical issues in manufacturing processes, quality control, and regulatory compliance. These
incidents, ranging from microbial contamination to the presence of harmful foreign matters and chemicals,
have resulted in drug product recalls, patient harm, and significant loss of reputation and finance for
companies. Contamination in the pharmaceutical industry required a comprehensive remediation
approach in which focus on facility design, robust cleaning procedures, dedicated equipment, and strict
adherence to quality control measures is essential. This also include identifying potential contamination
sources, implementing effective cleaning and disinfection procedures, using appropriate personal
protective equipment (PPE), and establishing robust air handling and filtration systems. Regular monitoring
and maintenance of facilities, equipment, and processes are also crucial for minimizing the risk of

contamination.

2.1 Whatis contamination?
Contamination is defined as the undesired introduction of

x Chemicals.

x Microbes.

x Foreign matters (residues, dust, glass and rubber particles, fibres, oil, hairs, etc.) into or onto a
raw material, intermediate, or APl (Active Pharmaceutical Ingredient) during sampling,

manufacturing , packaging or repackaging, storage, and transportation.

Contamination can also be defined as adulteration of input material and intermediate product used in
manufacturing of finished product with other physical, chemical, and microbiological foreign material.
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2.2 What is cross-contamination?

Pharmaceutical product cross-contamination refers to the process by which foreign chemical,
microbial, or physical substances are unintentionally transferred from one substance or object to
medicines with harmful effects that might affect the purity and quality of the pharmaceutical products.
This can happen through various means such as shared equipment, personnel, or environmental
factors, or transfer of earlier manufactured product in the same equipment due to inadequate cleaning
procedures. Cross-contamination can also be defined as the contamination of one product,
intermediate or finished, with any other product during manufacturing and packing of the product.

Three main types of contamination are:

x  Product to product.

x Equipment to product.

x Person to product.

2.3 What are contaminants?
Contaminants in the pharmaceutical industry are undesirable substances that can compromise
product quality, safety, and efficacy. They can be broadly categorized as biological, chemical, and
particulate contaminants.

Chemical contaminants: these are non-biological foreign substances like, impurities, residues,
moisture, gases, vapours, or molecules. Their presence can lead to chemical degradation, altered
potency, or toxic effects.

Biological components: these are living organisms that can reproduce and cause infections or degrade
the product. They include viruses, bacteria, and fungi (moulds and yeasts). Their presence poses
significant health risks to patients and can lead to product spoilage.

Particulate contaminants: these are extraneous, mobile, insoluble substances, other than gas bubbles,
unintentionally present in the product. Such dust, fibres, or particles can cause physical damage,

irritation, or act as carriers for chemical or biological contaminants.
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LI Sources of Contamination

Contamination in pharmaceutical drug or substance products, e.g., injectable products, oral solid dosage
forms (OSDFs), can occur from various sources during the manufacturing process. Here are some common

sources of contamination:
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Figure 3.1: Sources of Contamination

x Raw materials:

x Microbial contamination: raw materials, such as active pharmaceutical ingredients (APIs) and

excipients, may contain microorganisms if not properly controlled.

x Impurities: inadequate purification or poor-quality raw materials can introduce chemical

impurities.

x Cross-contamination: different raw materials stored or handled together can lead to cross-

contamination if not separated.
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x Equipment:

x Dirty equipment: residues from previous production batches or cleaning agent can
contaminate subsequent batches if the equipment is not properly cleaned.

x The methodology of equipment cleaning is crucial to prevent contamination or cross
contamination. The life-cycle approach to equipment cleaning ensures continued
control over cross-contamination risks. The equipment-related considerations to

prevent cross-contamination is shown below.

Stage-1

- Manual Cleaning process
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Cleaning Process procedure design
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Step-4 Siep-3
Cleaning Process Cleanability ]
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qualification - Identify Hard-to-clean

- Identify and validate the products and accordingly rate
worst case product easyl hard to clean.

Figure 3.2: Cleaning Validation Life Cycle

x Wear and tear: equipment parts, such as tablet punches or capsule filling machines, can shed
particles (e.g., metals) into the product.
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Example of maintenance approach for aged equipment to prevent cross-contamination:
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Figure 3.3: Equipment Maintenance Approach

x Lubricants: machine lubricants, if not properly sourced or controlled, can contaminate the

product.

x Cleaning tools: attention should be paid to wipes and mops, as their fibres can contaminate

surfaces with foreign particles.

x Personnel:

(&5 ] Q
o (Human factors) v (Attitude)
dlh

x Poor hygiene: improper handling by personnel, lack of proper protective equipment, or
inadequate hygiene can introduce microbial, particulate, or chemical contamination.

x Clothing: handling and management of cleanroom garments fibres from clothing or improper

handling of clothing can lead to contamination with foreign particles.
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x Environmental factors:

Air (particles + Surfaces
HVAC) (equipment, walls)

x Airborne particles: dust, lint, or particulate matter in the air can settle on equipment or
product surfaces during manufacturing.

x Humidity and temperature: poor environmental control can cause degradation of the product,
leading to contamination by products or mould.

x Microbial contamination: inadequate air filtration, HVAC systems, or room sterilization can

allow microorganisms into the manufacturing area.

x Cross-contamination:

e
‘. High Potent
= drug
High Potent
drug
- . .

x Shared equipment: when manufacturing different products in the same facility without proper
cleaning and validation protocols, residual traces of one product can contaminate another.

x Adjacent manufacturing processes: processes conducted near each other without sufficient
barriers or air control can lead to cross-contamination between batches.

x Packaging Materials:

Antibiotic 250mg

‘
i
&
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x Contaminated packaging materials: packaging materials that come into direct contact with
the product, such as blister packs or bottles, can introduce contaminants if not sterilized or
properly stored.

x Leachable or extractable substances: packaging components, such as plastics or inks, may
leach chemicals into the product.

x  Water supply:
x Impurities in water: water used in cleaning, granulation, or tablet coating can introduce
contaminants, particularly if it is not properly purified (e.g., microbial contamination or high

levels of ions).

x Handling and storage:

x Improper storage conditions: incorrect storage of raw materials or finished products (e.g.,
exposure to light, humidity, or high temperatures) can lead to contamination or degradation.

x  Dust: poor storage conditions can allow dust or dirt to accumulate on the product.
To mitigate contamination, manufacturers should strictly follow Good Manufacturing Practices (GMP),

which include validated cleaning procedures, environmental controls, personnel training, and rigorous
testing of raw materials, intermediates, and final products.
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x There are mainly four pathways for contamination:
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Figure 3.4: Contamination Pathways

Contamination is a critical risk in pharmaceutical manufacturing that can compromise product safety,

efficacy, and patient health. To prevent this, it is essential for all personnel to understand and control the

primary pathways through which contamination can occur. These pathways are summarized into four

major categories:

3.1 Mix-up: accidental interchange of materials, components, or products due to inadequate control of

identification and segregation.

a. Labelling: inadequate or incorrect labels can lead to material misidentification.

b. Segregation: lack of physical or procedural separation can result in cross-use of materials.

c. Identification: poorly defined or inconsistent naming can confuse operators.

3.2 Mechanical transfer: physical movement of contaminants through personnel, materials, waste, or

equipment.

a. Personnel movement: staff movement between high-risk and clean areas.

b. Material movement: shared trolleys or containers not sanitized between uses.

c. Scrap movement: uncontrolled waste flow reintroducing contaminants.

d. Poor practices: touch contamination, tool sharing, improper hand hygiene.
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3.3 Retention: accumulation or survival of residues from previous batches or products on surfaces,

equipment, or accessories.

a. Equipment design: complex surfaces or dead legs on material and solvent transfer lines where

residues can remain.
b. Common accessories: re-use of scoops, hoses, containers without cleaning.
c. Areasurfaces: floors, walls, and ceilings retaining residues.
d. Cleaning procedures: ineffective methods or incomplete documentation.
3.4 Airborne transfer: contamination spread through air, particularly in open or exposed operations.
a. Pressure cascading: reversed pressure differentials allowing dirty air in.
b. Filtration: inadequate or non-validated HEPA/ULPA filtration systems.
¢. AHU (Air Handling Unit) design: poor duct routing, air turbulence, or recirculation.

d. Facility design: improper zoning, open processes near contamination-prone areas.
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Impact on Patient Health and
Safety due to Contamination

Contamination in pharmaceutical drug products can have serious and potentially life-threatening
consequences on patient health and safety. The impact depends on the type and extent of contamination,
as well as the specific patient population exposed. Below are the primary ways contamination can affect
patients:

x Microbial contamination:

x Infections: microbial contamination in drugs can cause infections, particularly in
immunocompromised patients (e.g., those undergoing chemotherapy, HIV-positive patients,
the elderly). Bacterial, fungal, or viral contaminants can lead to systemic or localized infections.

x Toxic Shock: certain bacteria, such as staphylococcus aureus, can produce toxins that lead to
toxic shock syndrome, which is life-threatening.

x Endotoxin reactions: even if microbes are killed during manufacturing, their endotoxins (e.g.,
from gram-negative bacteria) can remain and cause febrile reactions, hypotension, and septic
shock when ingested in high amounts.

x Particulate contamination:

x Mechanical injury: particulate matter (e.g., metal shavings, glass particles) can cause physical
damage to the gastrointestinal (Gl) tract, leading to ulcerations, bleeding, or obstructions.

x  Thromboembolism: if particles are small enough to enter systemic circulation, they could lead
to blockages in blood vessels, potentially causing thromboembolism, strokes, or cardiac

events.

x Respiratory issues: if particles are inhaled during administration (especially in orally inhaled
medications), they may cause respiratory distress or exacerbate conditions like asthma or
COPD.

x Cross-contamination with other drugs:
x Adverse drug reactions (ADRs): cross-contamination with another drug can lead to
unintended drug exposure, potentially causing adverse drug reactions. For example, a patient
might receive trace amounts of an antihypertensive drug when they are not hypertensive,

leading to dangerous drops in blood pressure.

x Allergic reactions: contamination with allergens (e.g., penicillin, latex) can trigger allergic

reactions, ranging from mild rashes to life-threatening anaphylaxis.
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x Drug interactions: trace amounts of another drug might interact negatively with a patient's
prescribed medication, leading to diminished efficacy, toxicity, or severe interactions (e.g.,
serotonin syndrome, QT prolongation).

x Chemical impurities and degradation products:

x Toxicity: chemical contaminants or degradation products in the drug can be toxic, leading to
organ damage (e.g., liver, kidneys), central nervous system effects, or even carcinogenicity over
long-term exposure. For example, nitrosamine impurities in certain drugs have been linked to

cancer.

x Mutagenic effects: some chemical impurities may be mutagenic, causing damage to DNA,
potentially leading to cancer or other genetic disorders in the long term.

x Reproductive harm: certain contaminants can cause reproductive toxicity, leading to birth
defects, miscarriages, or fertility issues.

x Reduced drug efficacy:

x Sub-therapeutic doses: contamination or degradation can lead to the reduction of the active
pharmaceutical ingredient (API) in the dosage form, rendering the drug ineffective. This is
particularly dangerous for conditions requiring precise dosing, such as diabetes (e.g., with oral
hypoglycaemic) or heart conditions (e.g., antiarrhythmic).

x Therapeutic failure: in life-threatening conditions such as epilepsy, cancer, or infections,
failure of the drug to work due to contamination can result in poor disease management or
even death.

x Patient non-compliance:
x Unpleasant sensory effects: contaminants may change the taste, odour, or appearance of the
medication, leading to patient dissatisfaction and non-compliance, which can exacerbate their
condition. For example, bitter taste or visible particles in tablets can cause patients to stop

taking their medication.

x Trust issues: repeated issues with contaminated products can lead patients to lose trust in a
brand or treatment, causing them to avoid necessary medications altogether.

Prevention of Contamination in Pharma Manufacturing EPA




x Delayed or incorrect diagnosis:

x Misinterpretation of symptoms: symptoms arising from contaminated medications may be
misinterpreted as signs of worsening disease, leading to unnecessary tests, incorrect additional
medication, or delays in the correct diagnosis and intervention.

x Diagnostic confusion: unexplained side effects from contaminants may mimic symptoms of

other diseases, leading doctors to investigate unrelated conditions and delay appropriate care.
x Long-term health consequences:

x Chronic conditions: continuous exposure to low levels of contaminants may result in the
development of chronic health conditions, such as liver or kidney damage, respiratory diseases,

or neurological issues.

x Cancer risk: some contaminants, like carcinogenic impurities (e.g., nitrosamines), can increase
the risk of cancer with prolonged exposure.

x Vulnerable populations:
Certain patient populations are more susceptible to the negative impacts of contamination:

x Elderly: older patients may have weaker immune systems and slower metabolism, making

them more prone to infections, drug interactions, and toxicity from contaminants.

x Children: contaminants in paediatric drugs can have more severe effects due to their
developing organs and smaller body size.

x Pregnant women: contaminated drugs can cross the placenta and harm the developing foetus,
potentially causing birth defects, developmental delays, or pregnancy loss.

x Immunocompromised patients: patients with weakened immune systems (e.g., cancer
patients, those with autoimmune diseases) are at high risk of severe infections or complications

from microbial contamination.

x Organizational risks:

x Product recalls: contaminated products may be recalled, damaging reputation and incurring

financial losses.

x Regulatory actions: non-compliance with regulations can lead to fines, penalties, and legal
action.

Financial losses: contamination can result in wasted materials, rework, and lost productivity.
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Detection Methodology and their Effectiveness
for Various Sources of Contamination

Contamination in dosage forms have to be detected and the effectiveness of the detection methodology
must be evaluated. Below are the primary ways for the detection of various sources of contamination in

drug products:
x Raw materials:

x Microbial contamination:
x Detection: microbial testing (e.g., bioburden, total aerobic count, endotoxin testing).

x Effectiveness: routine testing helps detect contamination before use.

x Impurities:
x Detection: chemical assays, related substance (HPLC, GC) testing.
x Effectiveness: thorough analysis can identify chemical impurities effectively.

x Cross-contamination:
x Detection: this is done through visual inspections, and extraneous peak detection in
analysis.
x Effectiveness: this relies on good manufacturing practices and thorough inspections.

x Equipment:

x  Dirty equipment:
x Detection: swab sampling followed by microbiological testing, and visual inspections
can lead to detection.
x Effectiveness: visual inspection and swab tests can effectively identify residues.

x Wear and tear:
x Detection: routine equipment maintenance checks, visual inspections can lead to
detection.
x Effectiveness: wear may be difficult to detect until significant damage occurs. Hence, a
well-defined scheduled program to verify the wear and tear should be putin place.

x Personnel:

x Poor hygiene:
x Detection: personnel hygiene audits, and personnel monitoring will lead to detection.
x Effectiveness: this is directly correlated to contamination risk. Therefore, it is essential

to define personal hygiene standards.
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x Clothing:
x Detection: visual inspections, and contamination audits can lead to detection.
x Effectiveness: this is dependent on adherence to protocols.

x Environmental factors:

x Airborne particles:
x Detection: air sampling, and particle count monitoring will yield results
x Effectiveness: effective for detecting airborne contaminants .

x  Humidity and temperature:
x Detection: environmental monitoring systems can detect the presence of unwanted
factors.
x Effectiveness: continuous monitoring can preventissues.

x Microbial contamination:
x Detection: air and surface microbiological testing can detect such contaminants.
x Effectiveness: proactive measures can limit contamination.

x Cross-contamination:

x Shared equipment:
x Detection: this can be detected through cleaning validation tests (swab tests).
x Effectiveness: validated cleaning processes can effectively detect residues.

x Adjacent manufacturing processes:
x Detection: environmental monitoring and visual inspections can detect cross-
contamination.

x Effectiveness: physical separation and adherence to strict protocols is essential.
x Packaging materials:
x Contaminated packaging:
x Detection: testing of packaging materials is a proven method.
x Effectiveness: ensuring that materials meet standards is the most effective way.
x Leachable or extractable substances:

x Detection: extractable and leachable testing (GC/MS) are proven processes.
x Effectiveness: thorough analysis can identify potential risks.
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x  Water supply:

x Impuritiesin water:
x Detection: water quality testing (microbial and chemical analysis) is standard
procedure.
x Effectiveness: this is essential for maintaining product integrity.

x Handling and storage:

x Improper storage conditions:
x Detection: environmental monitoring (temperature/humidity sensors) is highly
effective.
x Effectiveness: regular and consistent monitoring can prevent issues.

x  Dust:
x Detection: visual inspections and environmental monitoring are very important.

x Effectiveness: adherence to good housekeeping practices is effective.

Conclusion:

To effectively mitigate contamination, it is crucial to implement a comprehensive monitoring and testing
strategy, adhering to Good Manufacturing Practices (GMP). This includes routine inspections, thorough
testing protocols, and employee training, which collectively enhance the overall quality assurance process

in drug manufacturing.
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Assessment of Cross-contamination

6.1 Key stages in cross-contamination assessment

6.1.1 Product profile evaluation:
x analyse the product's characteristics to understand its potential contamination risk.

6.1.2 Containment requirement determination:
x identify containment needs based on product properties and regulatory requirements.

6.1.3 Review of existing containment systems:
x assess current containment infrastructure and systems to ensure alignment with

product requirements.

6.1.4 Facility containment evaluation:
x examine the facility’s capability to contain products effectively, including system
performance and design.

6.1.5 Effectiveness of control measures:
x conduct a gradient study to evaluate the efficiency of existing controls in mitigating

cross-contamination risks.

6.1.6 Gap andrisk identification:
x use Failure Mode and Effects Analysis (FMEA) to identify process and facility gaps that

may compromise containment.

6.1.7 Corrective and Preventive Actions (CAPA):
x develop and implement CAPA strategies based on identified risks and gaps to enhance

contamination control.

6.2 Hazard and exposure evaluation:
Cross-contamination risk is assessed as a function of both hazard potential and exposure likelihood.
The following steps outline the methodology:

Step 1: Hazard classification based on PDE Values
Table 1: Hazard classification

POE (1g/d2y)
> 1000

HC2 =100 and <1000
HC3 > 10and <100
HC4 = 1land<10
HC5 <1
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Step 2: Exposure band determination
Exposure risk is evaluated based on process characteristics such as quantity handled, dustiness,

and duration of exposure.

Step 3: Containment approach selection:
Table 2: Containment approach

wciew | e | 2 | 3 | e |

HC1 CAl CAl CA2 CA2
HC 2 CAl CA2 CA2 CA3
HC3 CA2 CA3 CA3 CA3
HC4 CA2 CA3 CA4 CA4
HC5 CA3 CA3 CA4 CA5

6.3 Containment approach definitions:

X

CA 1 - multi-product manufacturing area.

X

CA 2 - low-risk production zone.

X

CA 3 - general production area.

X

CA 4 - high-containment or process containment area.

X

CA 5 - full process containment required.

6.4 Gradient study overview:
A gradient study is conducted to validate the effectiveness of facility and process controls in

preventing cross-contamination via airborne or mechanical transfer.
6.4.1 Objectives:

x To assess control measures such as airlocks, pressure differentials, and process types
(open/semi-open/closed).

x Toidentify the worst-case process based on:
x Dustiness potential.
x  Form of product exposure (powder/liquid).

x  Process type.
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6.4.2 Worst-case area identification:
All areas where high-risk processes occur should be evaluated in order to determine the
worst-case scenario, using the following criteria:

x Process containment level: open processes typically represent worst-case conditions.

x Facility containment level: areas are grouped based on containment features like
pressure cascades and airlocks.

x The identified worst-case area is then subjected to a gradient study using settle plate
methods, and results are compared against predefined acceptance criteria.
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IM8 Prevention of Cross-contamination

3_ Three Basic Principles to avoid Cross-Contamination
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In pharmaceutical industries, for the prevention of cross contamination from one product with other
product or material, the following requirements are set forth:

7.1 Use of dedicated facility for particular drug categories:

x A dedicated facility can be considered as a defined unit or room or area within a multi-product
facility. This area, room or unit can be dedicated to a specific product or product range. Such
dedicated facilities are designed to mitigate local risks associated with cleaning concerns and
containment approach. The concerns unique to the materials and/or processes under
consideration are mitigated by equipping the facility with its own air-lock for personnel and
material accesses, and dedicating the HVAC systems.

x For example, the drug classes that require dedicated facilities are:

Table 3: Regulatory agency requirement for various drug classes

Regulatory Agency Drug Classes Which Require Dedicated Facility

European Marketing
Authorization (EMEA)

Beta-lactam antibiotics.

Beta-lactams (with no exceptions), highly active
materials, sex hormones, some antibiotics, cytotoxic
and oncology products.

Penicillin, sensitizing non-penicillin beta-lactams,
cephalosporins, highly potent APIs.
Note:

United States Food and Drug

Administration (USFDA) Dedicated facilities are also to be considered where
infectious, highly active, or toxic materials are
involved (for example certain steroids or certain

6

Schedule M, Drugs and
Cosmetics Act (India)

cytotoxic anti-cancer drugs).

Pharmaceutical Inspection Some steroids and cytotoxic anti-cancer agents.
Convention and Pharmaceutical

|nspect|on Co- opera“on scheme nghly active or sensitizing materials such as

(PIC/s) penicillin.

Certain classes of highly sensitizing drugs (such as
penicillins and cephalosporins).

ANVISA (Brazil) Highly sensitizing materials, including beta-lactams.

Health Canada (HC)

Prevention of Contamination in Pharma Manufacturing EPA




7.2 Prevention of cross-contamination can be achieved through following design considerations:

X

Dedicated manufacturing facility (premises and equipment).
Self-contained production areas having separate processing equipment and dedicated heating,
ventilation, and air-conditioning (HVAC) systems. It may also be desirable to isolate certain

utilities from those used in other areas.

Manufacturing process, premises, and equipment are designed so to minimize risk for cross-

contamination during processing, maintenance, and cleaning.

Use of “closed systems” for processing and material/product transfer between equipment is
essential.

Itis important to use physical barrier systems, including isolators, as containment measures.

Controlled removal of dust close to source of the contaminant, e.g. through localized extraction

is very important.

Dedication of equipment, dedication of product contact parts or selected parts which are
harder to clean (e.g., filters), and dedication of maintenance tools are highly recommended.

Itis desirable to use single-use disposable accessories and technologies.

Use of equipment designed for ease of cleaning is recommended.

Appropriate use of airlocks and pressure cascade to confine potential airborne contaminant
within a specified area should be stressed.

Minimizing the risk of contamination caused by recirculation or re-entry of untreated or
insufficiently treated air is essential.

For common general wash areas, it is important to have proper separation of equipment
washing, drying and storage areas.
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7.3 Equipment design and handling:

x Manufacturers should design their equipment, maintain the equipment properly, and
implement Quality Risk Management (QRM) to ensure appropriate contamination control to

minimize or detect contamination.

x The equipment lifecycle management stage of operation/maintenance of equipment is
significant to ensure appropriate contamination control. Each piece of equipment should be
maintained according to recognized industry practices and original equipment manufacturer’s
recommendation. Proper technical training for personnel performing the associated task is
essential. Also, maintenance documentation and records should be kept. The maintenance
program should use risk-based approach to identify equipment or component that support

critical quality aspects of the manufacturing system and other regulated functions.

x The lifecycle stage of “Operation and Maintenance” requires careful maintenance of each piece
of the equipment to support its performance over time and ensures that the equipment is fit for
its intended purpose. The age of equipment needs special focus and attention. Aspects of
equipment design, such as smoothness and finish to facilitate proper cleaning, are directly
influenced by the age and usage of equipment.

x It is, therefore, necessary to consider the operating condition, i.e., product characteristic,
temperature, extreme pH of solution etc., and proactively design the equipment cleaning agent,
e.g., alkaline or water etc., and maintenance procedure to prevent defects.

x In addition, periodic review should be done of the equipment surfaces for its finish and
adequacy and its impact on cleaning efficiency. This periodic review of equipment surface and
finish should include checks for minimum of the following product contract surface anomalies,

but not limited to these factors only.:

Anomalies: Definition or Description

1. Dents:
a large, smooth-bottomed depression whose diameter or width is greater than its depth, and that will
not produce an indication.

Photograph 1
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Anomalies: Definition or Description

2. Nicks:
a surface void anomaly caused by material removal or compression from the surface, whose bottom surface is
usually irregular.

Photograph 2

3. Rouging:
the formation of a layer of iron oxide, hydroxide, or carbonate on the surface of the stainless steel.

Photograph 3

4. Surface cracks:
fracture-type discontinuities characterized by a sharp tip and high ratio of length and width to opening
displacement. A crack may not be detected with a stylus. A linear crack will produce a liquid penetrant indication
during liquid penetration inspection, X-ray, or ultrasound.

Photograph 4

5. Surfaceresiduals:
foreign substances that adhere to surfaces by chemical reaction, adhesion, adsorption, or ionic bonding (e.g.,
corrosion, rouging, and staining).

Photograph 5
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Anomalies: Definition or Description

6. Blistering:
localized delamination within the metal that has the appearance of chipped or flaked-off areas.

Photograph 6

7. Porosity:
cavity-type discontinuities formed by gas entrapment during solidification.

Photograph 7

8. Weld s slag (fittings, valves, vessels, components):
non-metallic product resulting from the mutual dissolution of flux and non-metallic impurities in some welding
and brazing operations.

Photograph 8

9. Pits (individual and clusters):
a small surface void resulting from a localized loss of base material.

Photograph 9

Prevention of Contamination in Pharma Manufacturing EPA




Anomalies: Definition or Description

10. Scratches:
an elongated mark or groove cut in the surface by mechanical means, not associated with the predominant surface
texture pattern

Photograph 10

11. Surface inclusions:
particles of foreign material in a metallic matrix. The particles are usually compounds such as oxides, sulphides, or
silicates, but may be a substance foreign to and essentially insoluble in the matrix.

Photograph 11

12. Fixture and finishing marks:
an area on an electropolished component where the electrical connection was made for the processing of the
component and any surface texture or pattern resulting from cutting, machining, forming, grinding, polishing,
and/or other finishing methods.

Photograph 12

13. Orange peel:
large-featured, roughened type of surface visible to the unaided eye whose surface appearance pattern is like that
of an orange peel.

Photograph 13
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Anomalies: Definition or Description

14. Stringerindications:
a linear void resulting from the removal of an elongated non-metallic inclusion or secondary phase.

Photograph 14

15. Weld whitening:
a difference in appearance of grain structure between weld metal and base metal after electro polishing.

Photograph 15

16. Cloudiness:
the appearance of a milky white hue across some portion of a surface resulting from the electropolish process.

Photograph 16

17. End grain effect:
a surface discontinuity of small diameter (or linear) cavities located perpendicular to the rolling direction of the
material and appearing after electropolishing.

Photograph: 17
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Anomalies: Definition or Description

18. Haze:
a localized diminished surface brightness, commonly produced by gassing or air pockets, during electropolishing.

Photograph 18

19. Variance in lustre:
the appearance of a different shine or reflectivity resulting from the examination or inspection technique, or from
the preconditioning or conditioning of the electro polished surface.

Photograph: 19

x Equipment cleaning controls to prevent cross contamination:

x Reproducibility of the cleaning process can be proved by validating the following cleaning
process variables:

x Manufacturing of different batches and different products.
x Manufacturing of campaign batches.

x Using different operators for different batches.

x Using non-dedicated equipment.

x  Fixed number of Batches/days within a campaign.

x Development of Dirty Equipment /Cleaned Equipment /Campaign Run, Hold Time
Study.
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Product Dedicated FBE Filter Bag / RMG Vent
Bags.

Dedicated Silicone tubes/Product transfer
Hose pipe.

Aseptic connections and intervention should
be minimized or performed in a way to
prevent cross contamination.

Cleaned equipment and parts should appear
visually dry and covered to avoid cross
contamination.
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