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Abstract- A crucial part of pharmaceutical manufacture 

is cleaning validation, which makes sure that production-

related equipment is free of microbiological 

contamination, excipients, cleaning agents, and residual 

active pharmaceutical ingredients (APIs). Preventing 

cross-contamination and guaranteeing product quality, 

efficacy, Preventing cross-contamination and 

guaranteeing product quality, efficacy, and safety are the 

main goals of cleaning validation. Regulatory bodies 

require that verified cleaning methods be used in order 

to comply with current Good Manufacturing Practice 

(cGMP). With an emphasis on protocols, scheduling, 

validation methods, documentation practices, and 

regulatory requirements, this paper examines GMP-

compliant cleaning techniques for facilities and 

equipment. To support strong cleaning programs in the 

pharmaceutical business, a focus is made on analytical 

methodologies, This article investigates GMP-compliant 

cleaning methods for equipment and facilities with a 

focus on scheduling, protocols, validation approaches, 

documentation practices, and regulatory requirements. 

Analytical techniques are prioritized in order to enable 

robust cleaning procedures in the pharmaceutical 

industry. 
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INTRODUCTION 

 

Keeping facilities and equipment clean is crucial to the 

pharmaceutical industry’s ability to produce safe and 

efficient drugs. In order to prevent product 

contamination and cross-contamination, 

manufacturers must follow stringent cleaning 

procedures as required by Good Manufacturing 

Practices (GMP), which are enforced by regulatory 

bodies like the European Medicines Agency (EMA) 

and the US Food and Drug Administration (FDA) [1,2]. 

Remaining APIs, excipients, microbiological agents, 

cleaning agents, and foreign substances like dust, 

lubricants, or airborne particles can all be 

contaminants in the pharmaceutical manufacturing 

process. The safety and effectiveness of later medicine 

batches may be jeopardized if these residues are not 

sufficiently eliminated, which could lead to major 

health hazards for patients, product recalls, and 

regulatory action[3]. 

The process of presenting documented proof that 

cleaning practices used in a manufacturing setting 

regularly lead to equipment being cleaned to specified 

and acceptable limits is known as cleaning 

validation[4]. Ensuring pharmaceutical products are 

created in a contamination-free environment is not just 

a legal need. 

 

Cleaning validation is important for a number of 

reasons.  

• Product safety: Prevents patients from 

inadvertently coming into contact with allergies 

or leftover medications.  

• Regulatory Compliance: Agencies including the 

FDA (21 CFR Part 211), EMA (Annex 15), and 

WHO have issued GMP recommendations that 

are in compliance, with the GMP guidelines 

established by organizations such as the FDA (21 

CFR Part 211), EMA (Annex 15), and WHO[5,6].  

•  Process Consistency: Guarantees the 

reproducibility of manufacturing operations. 
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• Operational Efficiency: Encourages the best use 

of equipment without sacrificing the integrity of 

the product[7].  

Well-defined cleaning protocols, suitable cleaning 

agent selection, consistent cleaning schedules, verified 

analytical techniques, and strong documentation 

systems are all essential components of contamination 

control strategies. Together, these components create 

a successful cleaning program that is supported by 

strong science, complies with international regulatory 

requirements, and is essential to quality assurance 

systems[8-10]. 

With an emphasis on the cleaning of manufacturing 

facilities and equipment, this review aims to 

investigate the various facets of cleaning and cleaning 

validation within the framework of GMP. Important 

ideas including cleaning practices, analytical testing, 

changeover cleaning, cleanroom classifications, 

SOPs, and the significance of risk-based validation 

processes in guaranteeing the safety of pharmaceutical 

products are also covered in the paper. 

 

OBJECTIVES OF CLEANING AND CLEANING 

VALIDATION 

 

In the production of pharmaceuticals and APIs, quality 

control, legal compliance, and patient safety are the 

main goals of cleaning and cleaning validation. Good 

cleaning initiatives guarantee that:  

Product Integrity Is Preserved  

Reusing equipment for multiple products increases the 

risk of cross-contamination. An API from a prior 

batch, even in trace amounts, can turn into an 

undesirable impurity in the subsequent product. This 

risk is removed and medication safety and therapeutic 

efficacy are maintained with proper cleaning[11]. 

The equipment can be reused 

Reactors, blenders, granulators, and filling machines 

are examples of manufacturing equipment that is 

frequently costly and constructed from materials like 

glass-lined alloys or stainless steel. Equipment cannot 

be dedicated to a particular product. As a result, 

approved cleaning practices are essential for 

facilitating the safe and effective reuse of 

equipment[12]. 

Observance of Regulatory Mandates 

 Strict compliance with cleaning protocols is required 

by international rules. For instance, cleaning 

procedures must be validated in accordance with EU 

GMP Annex 15 and FDA’s 21 CFR Part 211.67 to 

guarantee that there is no contamination or carryover 

between batches or products[[6,13]. 

Improvement in the Use of Equipment  

Multipurpose equipment is frequently used in modern 

pharmaceutical plants to preserve flexibility. 

Manufacturers can efficiently move between products 

or formulations thanks to validated cleaning 

procedures, which maximizes equipment usage while 

upholding strict safety and hygienic standards[14]. 

Exhibiting Process Control  

Cleaning validation offers verified proof that a 

specified process reliably eliminates impurities to a 

level that is acceptable. This increases trust in the 

production process and fortifies the pharmaceutical 

quality system as a whole[8]. 

 

CLEANING OF MANUFACTURING 

EQUIPMENT 

 

The production of pharmaceuticals depends heavily on 

manufacturing equipment, which needs to be 

thoroughly cleaned to avoid contamination and 

guarantee GMP compliance. If not thoroughly 

cleaned, equipment like tanks, pipes, mixers, tablet 

presses, and encapsulators may contain leftover 

contaminants. 

Key Considerations for Equipment Cleaning 

• Contamination Prevention: Cleaning needs to get 

rid of microbial agents, cleaning chemicals, 

excipients, and API residues. Cross-

contamination is a serious issue, particularly in 

establishments that manufacture several different 

items[15]. 

• Design for Cleanability: Equipment should have 

smooth surfaces, few joints or dead legs, and 

simple disassembly mechanisms in order to be 

deemed cleanable. Effective cleaning and 

inspection are made easier by hygienic design[16]. 

• Ease of Access and Disassembly: Equipment 

should be designed to make it simple to remove 

and clean any parts that come into contact with the 

product[17]. 
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Cleaning Methods 

 Manual Cleaning 

Cleaning Small or complicated equipment is usually 

cleaned by hand. It calls for skilled workers and strict 

adherence to SOPs. It requires strict validation and 

supervision because it is labor-intensive and prone to 

variability[18]. 

Clean-in-Place (CIP)  

CIP is an automated system that cleans huge reactors, 

pipes, and tanks’ inside surfaces without 

disassembling them. Cleaning agents including 

sanitizers, acids, and detergents are circulated 

throughout the system[19]. 

Clean-out-of-Place (COP) 

Equipment in COP systems is disassembled and 

cleaned in a distinct wash area. This method is applied 

on components, including detachable agitators or 

filters, that cannot be adequately cleaned while in use 
[20]. 

Sterilization-in-Place (SIP) 

SIP is employed in sterile manufacturing to achieve 

microbial inactivation. It commonly involves the use 

of pressurized steam or validated chemical sterilants 
[21]. 

 

Cleaning Agents 

 Choosing the right cleaning supplies is essential. The 

agents need  

• To be able to effectively combat the particular 

residues, whether they be microbial, inorganic, or 

organic.  

• To avoid corrosion, be compatible with the 

surfaces of the equipment.  

• After rinsing, leave no toxic or harmful residues 

behind. 

Examples of Cleaning agents include:  

• Neutral detergents: which are used for general 

cleaning.  

• Alkaline detergents: Oils, waxes, and grease can 

be effectively removed 

• Disinfectants and sporocides: In sterile locations 

are used to control microorganisms[22]. 

Validation of Cleaning Processes 

 Cleaning validation guarantees compliance, efficacy, 

and reproducibility.  

• Acceptance criteria: Which is frequently based on 

maximum permissible carryover, such as 1/1000th 

of the minimum daily dose or not exceeding 10 

ppm of the previous product[23]. 

• Worst-case approach: Verifies cleaning by 

comparing it to the most challenging-to-remove 

item or piece of equipment[24]. 

• Analytical Techniques: To confirm cleanliness, 

methods like swab sampling, HPLC, TOC 

measurement, and rinse testing are frequently 

employed[25]. 

Changeover Cleaning 

 Thorough cleaning is crucial in operations that 

produce multiple items in between manufacturing. To 

demonstrate that there is no carryover, the cleaning 

needs to be verified. To reduce dangers, high-potency 

medications may be kept in separate locations or on 

specialized equipment[26]. 

 

CLEANING PROCEDURE FOR EQUIPMENT 

 

To facilitate cleaning validation and guarantee 

consistent residue removal, a uniform cleaning process 

is necessary. Based on GMP regulations and industry 

best practices, the following are the standard 

procedures for cleaning pharmaceutical 

manufacturing equipment [27-29]. 

Pre-Cleaning 

•  Using non-abrasive instruments, manually 

remove bulk residues from the apparatus.  

• As needed, disassemble pieces, particularly those 

that have direct contact with the product.  

To reduce the cleaning load, make sure that product 

recovery or flushing is finished before cleaning. 

Washing 

• Cleaning Depending on the type of residue (oily, 

particle, or proteinaceous), use approved cleaning 

agents such as neutral, alkaline, or acidic 

detergents. 
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•  To ensure efficacy, keep parameters like 

temperature, time, pressure, and flow rate within 

established ranges for automated CIP systems.  

• When cleaning by hand, certain methods must be 

followed, such as using the right brushes, 

scrubbing patterns, and detergent concentrations. 

Rinsing 

• To get rid of detergent residues, rinse well with 

Purified Water (PW) or Water for Injection 

(WFI).  

• The physicochemical and microbiological 

requirements for rinse water must be met. Water 

quality should be verified by microbial load, 

conductivity, and TOC studies[30].  

• Make sure there is no observable residue of the 

cleaning agent or prior product in the final rinse 

water. 

Sanitization / Disinfection 

•  Depending on the product and facility 

classification, use appropriate sanitizing 

chemicals (such as 70% IPA, hydrogen peroxide, 

or sodium hypochlorite) or sterilize with steam.  

• To inactivate possible microbial contamination, 

make sure you have enough contact time [31] 

Drying 

•  Use hot air systems or filtered, dry compressed 

air to dry cleaned equipment.  

• Steer clear of water pools since they can harbor 

bacteria. 

•  To avoid recontamination, equipment should be 

kept in a specific, regulated environment. 

Inspection 

• It should be done in well-lit areas to look for any 

obvious residues.  

• To ensure residue levels are below specified 

acceptable limits, do swab or rinse sample on key 

equipment and then analyze the results using 

techniques like HPLC or TOC [32]. 

CLEANING OF FACILITIES 

 

Cleaning pharmaceutical facilities involves more than 

just cleaning the equipment. It comprises floors, walls, 

ceilings, air-handling systems, and other 

environmental surfaces that may cause contamination. 

Maintaining a regulated environment, especially in 

clean rooms used for sterile and aseptic processing 

requires an efficient cleaning schedule for 

facilities[33,34] 

Types of Facility Cleaning 

Routine Cleaning 

• To maintain baseline cleanliness, routine cleaning 

is done on a daily or shift-by- shift basis. 

• Includes washing of easily accessible areas 

including walls, work benches, and floors. 

Changeover Cleaning 

• When transitioning between various goods or 

between production batches, change over 

cleaning is carried out. 

• Remnants from previous procedures are removed 

in order to avoid cross- contamination. 

Periodic Deep Cleaning 

• Planned less regularly (e.g., monthly or quarterly) 

to clean locations like HVAC ducts and behind 

equipment that are not accessible during regular 

cleaning 

Emergency Cleaning 

• Started as soon as spills, deviations, or 

contamination incidents occur. 

• Microbial surveillance and the application of 

specific cleaning chemicals may be required. 

 

General Cleaning Procedure for Facilities 

A. Preparation 

• Get ready by going over over cleaning schedules 

and SOPs. 

• Put on the proper PPE, such as gloves, masks, 

gowns. 

•  Clear the cleaning area of any movable tools or 

supplies. 

 

B. Dry Cleaning 

• Use HEPA-filtered vacuums or sterile wipes to 

remove dust and debris. 

•  In high-grade cleanrooms, dry cleaning is 

especially crucial to minimize moisture-based 

microbial growth. 

 

C. Wet Cleaning 

• Use lint-free mopsor wipes to apply verified 

cleaning solutions. 
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• Adopt a clean-to-dirty, top-to-bottom 

methodology (e.g., ceilings → walls → surfaces 

→ floors)[35]. 

• Employ a unidirectional wiping approach to stop 

pollutants from spreading.  

D. Rinsing (if necessary) 

• Rinse with PW or WFI to get rid of chemicals 

residues. 

• Verify that the disinfectant residues have been 

removed, especially in aseptic areas. 

 

E. Disinfection 

• To minimize microbial resistance, use rotating 

disinfectants (e.g., quaternary ammonium 

compounds, hydrogen peroxide, isopropyl 

alcohol) 

• Avoid wiping unless specified in the SOP.  

 

F. Drying 

•  Use lint-free wipes or let surfaces air dry. 

• Steer clear of stagnant water, particularly around 

drains, as this might support growth of 

microorganisms. 

  

Cleaning Agents and Their Applications 

Agent Type Application Remarks 

Neutral Detergents General cleaning Low residue, good for routine use 

Alkaline Detergents Oily or greasy contaminants Often used in product changeover 

Disinfectants (e.g., IPA, Quats) Microbial control Rotate periodically to prevent resistance 

Sporicides (e.g., H₂O₂) Control of spore-forming bacteria Used in Grade A/B cleanroom areas 

 

Cleanroom Classifications and Cleaning Frequency 

Cleanrooms are classified based on the level of 

cleanliness required. Each class requires a different 

frequency and intensity of cleaning based on its 

criticality. 

Area Grade Floor Cleaning Wall/Ceiling Cleaning 

Grade A/B Every shift or 4–6 hrs Daily or weekly 

Grade C Daily Weekly 

Grade D Daily Monthly 

 

Cleaning HVAC Systems 

• HEPA filters need to be tested frequently and 

changed at predetermined intervals (usually every 

6–12 months). 

• It is important to use disinfectants to clean ducts, 

vents, and air grilles and to keep an eye out for 

microbial contamination. 

• AHUs should be cleaned and checked for 

dampness, mold, dust, or condensation[36]. 

 

CLEANING PROCEDURES, SCHEDULING, AND 

STANDARD OPERATING PROCEDURES (SOPS) 

 

Cleaning procedures Consistency, accountability, and 

adherence to GMP requirements are guaranteed by a 

systematic and thoroughly documented cleaning 

process. Cleaning efficiency is influenced not only by 

the cleaning solution but also by the method, time, and 

person used. 

Standard Operating Procedures (SOPs) 

SOPs are the foundation of any cleaning program that 

complies with GMP. They guarantee uniformity in 

execution and offer thorough, written instructions for 

every cleaning task. 

 

Each SOP must include: 

• The scope and goal of the cleaning operation must 

be included in every SOP.  

• The particular tools or space that has to be 

cleaned.  

• The frequency of cleaning (daily, in between 

batches, or monthly, for example). 

•  The kind of cleaning products to be used, as well 

as their concentrations and durations of contact. 

 

Training of Personnel 

To carry out cleaning tasks in accordance with SOPs, 

personnel must be qualified and trained. Training 

should cover the following topics: 

• GMP principles; 

•  cleaning techniques and sequences;  

• proper use of cleaning agents and equipment;  

• identification and handling of deviations;  
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Maintenance and review of training records; and 

retraining is required when new products, equipment, 

or procedures are introduced[39]. 

 

SCHEDULING OF CLEANING ACTIVITIES 

 

Scheduling is essential for meeting regulatory 

requirements and preserving ongoing control over the 

manufacturing environment.  

Routine Cleaning 

• Done every day or every shift in high-risk 

locations like critical zones and cleanrooms. 

• Assures continuous management of the microbial 

load and pollutants. 

 

Batch-to-Batch Cleaning 

• Necessary in operations that produce multiple 

products. 

•  To prevent cross-contamination, cleaning must 

be done after one product batch is finished and 

before starting another.  

• To specify how long equipment can be left 

inactive before needing to be cleaned again, 

documented hold times are established[40]. 

Risk-Based Cleaning Frequency Adjustment 

• Cleaning frequencies may be made in response t

o productspecific risks, deviation reports, or tren

ds in environmental monitoring.  

• ICH Q9's Quality Risk Management (QRM) prin

ciples must be applied in order to support improv

ements[41].  

 

DOCUMENTATION AND LOGBOOKS 

 

Under GMP, proper documentation is required by law. 

It guarantees traceability, improves audit 

preparedness, and provides proof of cleaning efficacy.  

Cleaning Logbooks 

 Every piece of equipment and facility area should 

have its own logbook. Every entry needs to include the 

following information:  

• Time and date of cleaning;  

• Cleaned area or equipment. 

•  The operator's name and signature.  

• The quantity and strength of cleaning products ut

ilized.  

• Method of cleaning (per SOP number).  

• Results of verification (e.g., swab testing, visual 

inspection). 

• Any modifications, remarks or remedial measures 

made. 

 

Cleaning Validation Documentation 

Validation protocols and final reports must include: 

• A description of the cleaning procedure.. 

• The product and equipment used. 

• Analytical techniques were applied. 

• Plans for sampling (swab and rinse). 

• The rationale for acceptance restrictions. 

• The findings and conclusions. 

Records must be kept according to the company’s 

document retention policy or for the required 

regulatory period, which is normally five to seven 

years[43]. 

 

Deviation and CAPA Records 

 SOPs deviations  (e.g., omitted steps, malfunctioning 

equipment ) need to  be recorded. 

• A root cause analysis ought to be carried out. 

• It is important to adopt and monitor Corrective 

and Preventive Actions (CAPA). 

 

Environmental Monitoring (EM) Records 

• Include data on  microbes and particulate data 

from air, surfaces, and people. 

• EM trends can show where the cleaning schedule 

needs to be adjusted. 

 

Batch Records 

• The batch manufacturing record needs to include 

the cleaning status and verification. 

• Until all cleaning tasks are finished and 

confirmed, a batch cannot be released. 

 

 

CONCLUSION 

 

Cleaning validation, which guarantees the constant 

removal of product residues, cleaning agents, and 

microbiological contamination to appropriate levels, is 

a crucial quality assurance activity in pharmaceutical 

manufacturing. It supports the values of regulatory 

compliance, process uniformity, and product safety. A 

successful cleaning program must have strong SOPs, 
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risk-based cleaning schedules, efficient 

documentation procedures, and frequent training. The 

significance of scientifically supported cleaning 

validation is emphasized in regulatory rules, and 

businesses must adopt continuous improvement plans 

to keep up with changing technology and industry 

standards. In the end, a properly implemented cleaning 

program guarantees that patients receive 

pharmaceutical items that are safe, effective, and free 

of contamination. 
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