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ABSTRACT  

Validation is art of designing. The purpose of this review is to give 

information about importance cleaning validation. Cleaning validation 

that play an important role in preventing risk to patient by assuring that 

cross-contamination between products is curtailed to acceptable levels. 

Pharmaceutical substance, excipient, API i.e. active pharmaceutical 

ingredient may contaminated by other products or APIs, by cleaning 

agents, microorganisms or by other materials e.g. dust, lubricant, raw 

material, intermediates. The main purpose of cleaning validation is to 

improve the effectiveness, prevent cross contamination. The benefits of 

cleaning validation are compliance with federal regulations, and 

identification, correction of potential problems. 

KEYWORDS: Importance of Cleaning Validation, Cross Contamination & Contamination, 

Cleaning Validation Guideline, Methodology, Sampling Techniques. 

 

1. INTRODUCTION 

Validation is documented confirmation which provides or gives a high degree of assurance, It 

is a process of establishing documentary evidence demonstrating that a procedure of process 

carried out in testing, after that production department maintains the desired level of 

compliance at all stages. Method validation is required because it minimize analytical and 

instrumental error. 

 

It is used to ensure the quality of the test result. To be assured of the correctness of result. 

Cleaning validation is assure that a cleaning process remove residues of the active, inactive or 

detergent ingredients of the product. Cleaning validation is majorly applicable to the cleaning 

of process manufacturing equipment in pharmaceutical industry. It is needed to have effective 

cleaning programs in place because of regulatory requirements.
[1]
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1.1. Objective of cleaning validation 

 It reduces the risk of regulatory non-compliance.  

 To minimize contamination and cross contamination. 

 Reduce defect cost. 

 Reduce the chances of product re-call.
[2]

 

 

1.2. Importance of cleaning validation 

 Customer requirement – it ensure the purity and safety of the product. 

 Cleaning validation is regulatory requirement in pharmaceutical, Bio-chemical industries. 

 Essential to establish adequate cleaning method. 

 Help to identify root cause of problem. 

 It maintains company’s public image and health care community. 

 It is heart of pharmaceutical company.
[3]

 

 

1.3. When cleaning validation is require  

 Initial qualification of process/ equipment.  

 Critical change in a cleaning procedure.  

 Critical change in formulation.  

 Significant change in formulation. 

 Change in a cleaning process.  

 Change in a cleaning agent. 

 

 Advantages  

 Validation can increased operator safety. Appropriately calibrated, validated instruments 

and gauge used to reduce accident and results in safety.  

 Working easier and safer 

 To enhances efficiency
[4,5]

 

 

1.4.  Why cleaning validation is require  

 To make sure the efficacy of cleaning procedures. 

 To make sure no risks are associated with cross contamination of active ingredient or 

detergents/sanitizer.
[6]
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1.5. Cleaning validation team and their responsibility 

1. Validation officer: Coordinating all team, monitoring process and compiling data, 

preparing final result. 

2. Production department officer: Prepare SOP’s for process and equipment, collection of 

validation data. 

3. Packaging department: Prepare SOP’s for packaging, collection of validation data. 

4. Maintenance department: defining requirement, training. 

5. Quality control department: provide data for cleaning agent and active ingredient. 

6. Quality assurance department: reviewing and approving the validation.
[7,8]

 

 

1.6. Cross Contamination and Contamination 

 Mostly cross contamination and contamination by a foreign material are 2 types of 

contamination. Cross contamination is generally through an active ingredient from one 

product carrying over into subsequent manufactured product.  

 

 Cleaning validation play important role in contamination and cross contamination. It’s 

prevent contamination. Throughout the process foreign substances, microorganisms or 

bacteria are unintentionally transferred from one substance or object to another, with 

harmful effect. Mostly cross contamination and contamination by a foreign material are 

two types of contamination. Cross-contamination is generally through an active 

ingredient from one product carrying above into subsequent manufactured product. 

However, carryover of other product component similarly excipients can also be 

problematic and may degrade and final quality of product.  

 

 The product of contaminated batch with particular level of residual active ingredient from 

a previous batch may pose obvious problem to consumer or patients from unintended 

contaminants. 

  

 Cleaning of equipment and maintenance provide the potential for contamination with 

items such as lubricant and equipment parts. Sanitizing agent/cleaning agent which is 

based upon chemical and bit of  cleaning  tools  can  occur  problems  ranging  from  poor 

pharmaceutical elegance to exceeding acceptable levels of particulate matter in parenteral 

products  to inadvertent  inclusion of toxic compounds in the product.
[9,10,11]
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1.7. Cleaning agent selection 

There are several broad categories 

 Formulated cleaning agent 

 Water 

 Commodity chemicals 

 Solvent 

 

 Formulated cleaning agent 

It is the biggest class of cleaners. This category involved solvent and aqueous formulations. It 

may be include 1 or more than 1 alkalinity or acidity sources, Chelants, surfactants builders 

& either a solvent or water & for industrial applications, unlike consumer-use products, these 

substance are formulated to be less foaming and therefore are more readily rinsable and are 

appropriate for high impingement or high turbulence cleaning. 

 

 Water (H20) 

We all know water is the universal solvent. Water is cheap, nontoxic. If just H2O will 

helpfully clean the product without excessive time or physical effort to remove the residues, 

by all means employ H2O alone. For many, however the H20 alone requires an unacceptable 

increase in time to get the cleaning accomplished. For these one of the other approaches must 

be sought. 

 

 Commodity chemicals 

In this, chemicals such as sodium hydroxide can be used for cleaning as well. Like their 

solvent counterparts, there may be effluent issues, hazard issues, associated with these 

materials. Their mostly low acidity or high alkalinity, however, often makes them helpful in 

inactivation processes. Although these chemicals lack the detergency of a formulated 

cleaning agent and they may be difficult to rinse, taking larger volumes of water to rinse free 

from systems than would a formulated cleaning agent.  

 

 Solvent 

These are mostly applied in processes where solvent usage is already called for by the 

manufacturing process. e.g., mother liquors are typically used as the solvents for cleaning of 

APIs.
[12,13]
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Fig. 1: Cleaning method. 

 

1.8. Critical process parameters and critical quality attributes 

 Time (dirty and clean hold times; process run rime). 

 Chemical (concentration). 

 Temperature (cleaning temperature). 

 Activity (chemical exposure). 

 

Critical process parameters are key variables affecting the production process. That are 

observe to detect deviations in standardized production operations and product output quality 

or changes in critical quality attributes.
[14,15,16]

 

 

1.9. Process of cleaning validation 

Stage 1: 
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Stage 2: Develop a cleaning validation protocol for the product and equipment being cleaned. 

 

Stage 3: Develop interim and cleaning validation reporton clean by clean basis detailing the 

acceptability of the cleaning procedure for the euipment and the product. 

 

Stage 4: Creat a cleaning validation report detailing the acceptability of the cleaning 

procedure for the equipment and the product.
[17,18,19]

 

 

1.10. Cleaning validation guideline 

1.10.1. U. S. Food and Drug Administration (USFDA) 

1. Acceptable residue: FDA has mentioned neatly in the Questions & Answers on Current 

Good Manufacturing Practices Equipment that the Contamination that is reasonably 

avoidable and removable is never considered acceptable. Therefore, Cleaning Procedures 

must not be designed sub-optimally to remove a calculated "acceptable" level of residue but 

rather based on scientific understanding of the substance and its interaction with other 

resources within the manufacturing facility. Similarly, analytical methods should not be 

designed solely on the basis of the acceptable residue that needs to be achieved. 

 

2. Total organic carbon: FDA has come to terms with using TOC as an acceptable method 

for monitoring residues routinely and for cleaning validation given that the contaminating 

material(s) is organic and contains C2 that may be oxidized under TOC test conditions. 

 

3. Rinse Sampling: For cleaning validation, rinse samples alone would not be acceptable; 

firms should also measure the contaminant on the equipment surface using a direct method 

such as swab (if feasible). 

 

4. Continuous Process Verification (CPV): Many firms have not implemented this yet. 

Food and Drug Administration (FDA) is very clear that a Continuous Verification Program 

needs to be in place for routing residue monitoring after Cleaning Validation. The frequency 

of this program will need to be determined based on risk.
[20,21,22]

 

 

1.11. METHODOLOGY  

There are a different of methods available to test cleaning validation samples. The method of 

choice is often the one with which we have familiarity, method like conductivity and pH may 

give cleaning data and require only instrument calibration. Many methods that require 

validation. 

https://www.fda.gov/drugs/guidances-drugs/questions-and-answers-current-good-manufacturing-practices-equipment
https://www.fda.gov/drugs/guidances-drugs/questions-and-answers-current-good-manufacturing-practices-equipment
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1.11.1 HPLC 

The benefit of High Performance Liquid Chromatography for the testing of samples use for 

cleaning validation is well established and may address all validation parameters. It is a 

chromatographic method that involves a sample in a liquid stream that passes through a 

packed column and separates from the other components of the sample. HPLC method can 

separate the residue of interest from the components of the formulation as well as the 

detergent. A good designed HPLC recovery study can demonstrate range, accuracy, 

precision, linearity, LOD and LOQ in a single run. 

 

Particularly, High Performance Liquid Chromatography (HPLC) methods for assay are 

designed to quantitate levels down to 0.1% of the API, making sensitivity well below most 

calculated ARLs. Although, the sensitivity of HPLC which is dependent on the detector and 

the chemical structure of the residue of interest, which can quantitate the residue and residue 

with no UV chromophore requires specific a specialized detector (fluorescence, 

electrochemical) or derivatisation to achieve the desired sensitivity. 

 

HPLC assay methods can be tedious, 30-40 minutes per injection, could be an issue for quick 

turnaround of samples.
[23]

 

 

1.11.2. Gas chromatography 

Gas chromatography (GC) has also been used to test cleaning validation samples. This 

methodology is analogous to HPLC i.e. High Performance Liquid Chromatoghraphy with 

sensitivity and comparable selectivity. The sample carrier is in a stream of gas which passes 

through a column for the separation and a detector. Detectors are not limited to compounds 

with UV chromophores. The validation parameters and their demonstration are identical to 

(HPLC) High Performance Liquid Chromatoghraphy. GC is limited to residues that are 

volatile at the temperatures generated in the instrument. 

 

1.11.3. Mass spectrometry 

A MS is an instrument that measures the atomic mass of a sample. There are various types of 

Mass spectrometry instruments but the atmospheric ionization models are mostly used for 

cleaning validation. 

 

A Mass Spectrometer detector can be coupled with a High Performance Liquid 

Chromatography 9 (HPLC9), or cleaning samples can be inserted directly. It separates the 
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residue of interest through mass selectivity from the components of the formulation and the 

detergent. This method of analysis is very sensitive down to the ppb or ppm level and a 

recovery study may demonstrate range, accuracy, precision, linearity, LOD and LOQ in a 

single run.
[24,25]

 

 

1.12. Sampling method selection 

1.12.1. Placebo sampling 

Placebo is identify as both potential cleaning techniques and potential sampling techniques. 

The placebo material comprises of all particular excipients but not the active ingredient. The 

placebo batches of  were passed  through  a same  line so that  it  will  have  possibility to 

scrub of  the clean  system. The principle which is involved in placebo is that it is passed 

through the same pathway as the product therefore; it will have the possibility to scrub off 

residual product along those pathways. And it usually employed for measuring system 

cleanliness.  

 

It mostly depends on  

 Excipients solubility in placebo. 

 Contact time which is suitable of the placebo for collecting representative sample.  

 It ensures to removal  of  the  placebo from all equipment location 

 The placebo quantity or volume and residue being matched must be in detectable range 

and the distribution of residue uniformly in the placebo ensures the detection of sample at 

any portion of the placebo.
[26]

 

 

1.12.2. Swab sampling (Direct surface sampling) 

The visible residue on surface can be easily clean but main challenge is for invisible residue 

present in extremely small amounts, are collected and delivered to the instrument for 

measurement. The correct type of swab for sampling is one with a head made of laundered 

polyester knit fabric, since that material gives the lowest levels of releasable particles. The 

lowest background & highest recovery when TOC i.e. total organic carbon measurements are 

employed as the analytical technique. To the surface on sample, the swab is moistened then 

drawn across the surface in a thorough and reproducible manner to collect residue into the 

interstices of the polyester knit fabric.  

 

The swab is then deposited into a desirable collection vial, then the residues extracted from 

the swab head for subsequent analysis. Sampling was selected based on the clean geometries 

https://www.coleparmer.com/c/clean-room-swabs
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of the equipment and these locations are inaccessible i.e. their unavailability makes them 

difficult to clean so, before choosing for sampling sites one must be conscious in selecting the 

desired sampling locations. The commonly sampling method employed in cleaning validation 

is rinse sampling and swab sampling. It mainly requires materials which are absorptive & to 

physically wipe the Surface and recover the analyte. Because the necessary to physically 

wipe the surface was the preferred method that is readily accessible to human hand or arm.  

 

 Limitation  

 An Invasive technique that may introduce fibers.  

 Results may be technique dependent.  

 Swab material, design may inhibit recovery and specificity of the method.  

 Evaluation of complex, hard and large to reach areas difficult.  

 

 Advantages  

 Physically remove sample or dissolve it. 

 Adaptability to wide variety of surfaces.  

 Economically available. 

 It may allow sampling of a defined area.  

 Applicable to microbial, active and cleaning agent residues. 

 

 

Fig. 2: Swab technique. 

https://www.merriam-webster.com/dictionary/unavailability
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1.12.3. Rinse Sampling (Indirect method) 

RS does not employ mechanical action on the surface and the sample is collected as a final 

rinse applied specifically for collecting a validation sample. In this indirect method a 

measured area of clean surface is rinsed or washed with solvent and the solvent is collected 

and tested for traces of contaminants. Rinse sampling methods allow sampling of a large 

surface. This method should be used in combination with other sampling methods such as 

surface sampling. 

 

 

Fig. 3: Rinse sampling. 

 

 Limitation  

 Finite information about actual surface cleanliness in some cases. 

 It may lower test sensitivity.  

  residue cannot be homogenously distributed of  

 Inability to detect location of residues.  

 critical to ensure accurate interpretation of results by rinse volume  

 It can be difficult to accurately define and control the areas sampled, therefore usually 

used for rinsing an entire piece of equipment, such as vessel.
[28,29] 
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2. CONCLUSION 

It is concluded that cleaning validation is a documented process that gives the effectiveness 

and consistency in cleaning of pharmaceutical equipment. It is essential to have effective 

cleaning program in place because of the regulatory requirement. Although, more 

fundamental reason that to produce products that as pure and free from contamination. The 

main valid reason of  cleaning  validation  is  to  establish documented  evidence  with  a high 

degree  of assurance that one can consistently clean a system or a  piece of  equipment to 

predetermined  and acceptable limits. And this article primarily covers all aspects related to 

cleaning validation like mechanism of sampling procedure, cross contamination, different 

levels of cleaning, cleaning procedure, product grouping and equipment characterization, 

cleaning agent selection, elements of cleaning validation. 
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