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ABSTRACT 

The FDA considers PAT to be a system for designing, analyzing (validation), and controlling (continued verification) 

manufacturing through timely measurements of critical quality and performance attributes of a process with the goal of 

ensuring product quality. To ensure quality control and safety in manufacturing facilities within the pharmaceutical 

industry, it is important that cleaning validation be conducted following the cleaning of production-related equipment. 

Minimizing equipment downtime has the potential to impact the efficiency and economics of pharmaceutical production. 

The main purpose of cleaning validation is to improve the effectiveness and consistency of cleaning in a given 

pharmaceutical production equipment or prevent cross contamination and adulteration of drug products with other 

active ingredients like unintended compounds or microbiological contamination, leads to prevent several serious 

problems and also useful in related studies like packaging component cleaning validation. 

                                   TOC is a non specific method for cleaning validation. TOC usually involves an assumption that all 

of the measured carbon is due to the target species and the maximum possible level of the target species is calculated 

based on this assumption. TOC analysis is specific to organic compounds and theoretically measures all the covalently 

bonded carbon in water. In order for TOC to be functionally suitable, it should first be established that a substantial 

amount of the contaminating material(s) is organic and contains carbon that can be oxidized under TOC test condition. 

PAT in cleaning can be applied to 1) complement the validation and 2) optimize equipment usage based on real time 

data. In both cases, it is expected to identify parameters that indicate equipment cleanliness. Considering  process-

focused approach  TOC analysis enables the user to verify how well validated critical cleaning parameters (including 

time, cleaning action, temperature, and cleaning agent concentration) are cleaning the equipment. Process focused 

approach leading to safe, effective, pure and quality product with efficient patient compliance. On -line TOC is effective, 

efficient and acceptable for CV Applications. TOC is different, companies need to think differently to implement. There 

are specific steps to take to ensure compliance when using TOC. Staying in compliance is a “continuous” process and 

not a one time event. 

Keywords: On-line Total Organic Carbon, Non Specific Method, Cleanability, Process Analytical Technology, 

Cleaning Validation Risk Management 

 

INTRODUCTION: 

The Food and Drug Administration (FDA) released a document in 1993 that was intended to transform how 

the pharmaceutical manufacturing industry was cleaning or not cleaning. The FDA considers PAT to be a 

system for designing, analyzing (validation), and controlling (continued verification) manufacturing through 

timely measurements of critical quality and performance attributes of a process with the goal of ensuring 

product quality.
1
 

According to ICH “The purpose of cleaning validation is to demonstrate that a particular cleaning process 

must consistently clean the equipment to a predetermined limit, the sampling and analytical methods must be 

scientifically sound, and provide adequate scientific rationale to support the quality and integrity of the 

products.” To ensure quality control and safety in manufacturing facilities within the pharmaceutical industry, 
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it is important that cleaning validation be conducted following the cleaning of production-related equipment. 

Cleaning validation ensures that the quantity of residual substances collected from the surfaces of the 

equipment is within permissible limit.
2 

 

TOTAL ORGANIC CARBON: 

TOC involves oxidation of the sample (by any of a variety of techniques) and measurement of the carbon 

dioxide generated by either infrared spectrometry or conductance. TOC methods oxidize all organic residues 

and measure the carbon dioxide produced. The method is generally considered nonspecific. TOC usually 

involves an assumption that all of the measured carbon is due to the target species, and the maximum possible 

level of the target species is calculated based on this assumption.TOC is becoming more widely used because 

it is an acceptable technique to replace for the oxidizable substances test for USP Purified Water and because 

of the possible degradation of actives due to the cleaning environment. For the latter reason, TOC is used 

commonly in the biotechnology industry for cleaning validation purposes.
3 

 

PROCESS ANALYTICAL TECHNOLOGY IN CLEANING VALIDATION: 

FDA defines Process Analytical Technology (PAT) as "a system for designing, analyzing, and controlling 

manufacturing through timely measurements (i.e., during processing) of critical quality and performance 

attributes of raw and in-process materials and processes with the goal of ensuring final product quality." PAT 

in cleaning can be applied to 1) complement the validation and 2) optimize equipment usage based on real 

time data. In both cases, it is expected to identify parameters that indicate equipment cleanliness. Usually this 

is done at the final rinse. A selection of parameters that can be monitored on-line is performed for PAT 

application. Concentration versus time plots for the parameters are determined with a safety factor. For 

indirect parameters, such as rinse concentration for surface soil concentration, relationships between surface 

soil levels and rinse water levels need to be established. These relationships should be used during validation 

studies to establish alert and action limits to be used with PAT. Types of PAT measurements that can be used 

to verify cleanliness after the completion of the CIP cycle include conductivity/pH to measure residual 

cleaning agent, TOC to measure product or cleaning agent residuals, or UV absorbance for protein residues. 

Other types of measurements may be developed based on the API and cleaning agent.
4
 For online TOC 

analyzers in which samples are directly introduced to the analyzer from the CIP return manifold, sample 

temperature and pressure are relevant parameters to consider. Sufficient pressure is required in the sample line 

to ensure that the analyzed sample concentration doesn’t significantly lag in the CIP return piping. 

Additionally, care also should be taken to protect the analyzer from pressures exceeding manufacturer’s 

recommendations. In most cases, CIP pressures will not exceed the pressure specifications for an instrument; 

however, close attention must still be given to the configuration, size, and placement of automated sampling 

valves and associated sample lines drawing from CIP system return lines. Stabilization of analyzer inlet 

pressure and flow rate will allow for consistency in the residence time of fluid in the sample lines.
5
 

A typical cleaning validation (CV) program consists of three phases: 1) Design, 2) Validation, and 3) 

Continued Verification. A key industry challenge is selecting the most appropriate analytical method(s) for 

evaluating known and potential residues throughout the different phases of a CV program. 

 
Fig. 1: Cleaning Validation Phases 
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Table1: Cross functional focus on cleanability 

 

Depending on where you are - you will implement TOC differently: 

Cleaning validation of product based on solubility involves techniques vizely swab sampling and rinse 

sampling. However residue analysis is done by TOC measurement method. The Rinse Sampling - TOC 

Measurement method is a technique in which the final rinse water used in the cleaning of a production 

equipment unit is used as the TOC measurement sample. This method is suitable for systems that cannot 

easily be disassembled, such as CIP (clean-in-place) equipment  and narrow tubing. However, sampling is 

considered to be difficult if the residues are not soluble in water. The Swab Sampling -Water Extraction - 

TOC Measurement method. Since the residue is physically wiped off from a fixed area of the surface of the 

apparatus using the swab material, and then analyzed, the sampling efficiency is high. However, because 

water is used for extraction of the residue, residues that are insoluble in water are difficult to extract. 

 

Fig 2: Solubility as critical screening tool in Cleaning Validation 

Although every component of your product or formulation has a relative solubility, it also has an inherent 

cleanability. The focus however should not be on solubility. Although solubility is important it doesn’t 

compare to process understanding that is achieved when you characterize 

the cleaning process with respect to process parameters like temperature, time, cleaning action, dirty hold 

times, and pH of cleaning agents. However, process understanding is only achieved if you can measure it and 
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your non-product specific analytical methods are sensitive enough to provide you meaningful data for 

cleanability.
6
 

 

                Fig 3: Rethinking Cleaning Validation 

Cleanability study is easier. To perform a percent recovery study for TOC. For example, a cleanability study 

will use the same coupons, compounds for spiking, drying times, swabs, vials, water, visual inspection and a 

measurement system like TOC. The only difference between a cleanability study and a swab recovery study is 

the amount of soil that is on the coupon and the cleaning parameters used to clean the coupons. Some 

companies that have conducted a cleanability study have executed the test by following these steps: 

1. Clean coupons appropriately and make sure they are dry. 

2. Spike or soil the dry coupons with a significant amount of the compound of interest beyond the acceptance 

criteria established. 

3. Allow the soiled coupon to air dry based on dirty hold times (DHT) established for production equipment, 

(8 hours, 12 hours, 96 hours, etc.). DHT will be a critical parameter that is evaluated for cleanability, therefore 

it is recommend to utilize multiple coupons for this study to determine the cleanability based on different 

DHTs. 

4. Clean the coupons based on critical parameters like temperature, time, action or scrubbing, and cleaning 

agent concentration (if cleaning agents are used). You can use elaborate clean in place (CIP) skids, a 

circulation temperature controlled water bath, or something as simple as a glass beaker filled with water or 

aqueous cleaning agents that is placed on a heat and stir plate, 

stir bar, and a laboratory thermometer that can measure the temperature. These parameters should be adjusted 

to determine cleanability (e.g. 20º C versus 90º C). 

5. The spikes or soil spots on the coupons should be monitored visually and the total time taken by the spot to 

appear visually clean should be documented as the cleaning time for that spot. Visual inspection in an 

important element of cleaning validation and cleanability and offers a simple, noninvasive technique for a 

surface cleanability. 

6. Once the clean coupons are dry after being evaluated for visual cleanliness, you can swab them for TOC 

analysis “at-the-process” or at-line for timely measurements as described in the PAT guidance. This can be 

achieved with a portable instrument or a laboratory instrument that is in close proximity of the study. 
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7. Use the TOC results based on all the critical cleaning parameters and compare them to the established 

acceptance criteria. 

8. Alternatively, one can perform a theoretical “process” carryover test by utilizing a small volume of water to 

spray across the surface of the coupon. This water is then captured in a vial and analyzed for TOC to mimic a 

final rinse analysis. 

A cleanability study coupled with a non-product specific method is very effective given that these “analytical 

technologies” (so to speak) can provide a reasonably accurate picture of the overall effectiveness of the 

cleaning process. Additionally, these types of studies also provide  the opportunity to scale up as necessary 

and transfer to the remaining phases like validation and verification something that is quite critical for PAT 

systems. Within the PAT framework, a process end point in not a fixed time; rather it is the achievement of 

the desired material attribute.
7 

 

BENEFITS: 

 TOC analysis is specific to organic compounds and theoretically measures all the       covalently bonded 

carbon in water. 

 Minimizing manufacturing equipment downtime during cleaning  

 Reducing costs by eliminating unnecessary analytical testing  

 Decreasing product contamination risk by helping companies monitor the performance of validated 

equipment cleaning processes. 

 TOC detection is an acceptable way to detect residues of contaminants. 

 Sensitive to all aqueous organic compounds including degredants or unexpected compounds. 

 Simple method development (single method), applicable to all phases of CV. 

 Increase production equipment throughput  

 Track the process capability of existing cleaning processes 

 Organics like cleaning agents, excipients, active pharmaceutical ingredients (APIs), and  biologics 

solutions can be analyzed for organic carbon content by TOC analysis. 

 

DRAWBACKS: 

 Considered a “worst case” analysis because TOC analysis incorporates all organic molecules in solution 

and represents surface area depending upon the sampling method (swab or rinse). 

 “In order for TOC to be functionally suitable, it should first be established that a substantial amount of the 

contaminating material(s) is organic and contains carbon that can be oxidized under TOC test conditions”. 

 Samples must be water soluble. 

 Excellent water quality is needed for sensitivity. 

 Certain swab types may also interfere with TOC analysis, so swab selection is critical. 

 Nonspecific methods.  

 Only for the TOC analyzer: initial cost of instrument.  

 

CHALLENGE:  

Virtually every pharmaceutical or biopharma company is interested in minimizing the downtime associated 

with their validated equipment cleaning processes. They agree that this downtime is often caused by the need 

to sample, analyze, and report a large number of test results on numerous compounds. At the same time, they 
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are absolutely unwilling to increase product contamination risk and, therefore, have typically over-engineered 

cleaning processes at the cost of efficiency.  

The Challenge for Most-Recovery of Compounds 

Historically some companies have had a very product-focused view of cleaning validation which resulted in 

high costs. 

While this product focused view can prove that an individual compound was removed, it does not necessarily 

help a user prove that a cleaning process is in control over time. The challenge for  assays is that they have 

been developed and validated to easily pass Pharmacopeia requirements for purity or content uniformity- but 

not the more challenging tests for equipment cleaning. Changing to a process-focused approach with TOC 

analysis enables the user to verify how well validated critical cleaning parameters (including time, cleaning 

action, temperature, and cleaning agent concentration) are cleaning the equipment. The intended use of 

analytical methods for cleaning validation is not to prove content uniformity-it is to prove that the cleaning 

process is within control.
8 

 

CONCLUSION: 

Not much has changed in CV since 1966. Cleaning Validation is a process and every process has a 

fundamental flow to it. There is a lot of information out there and we just had to come together and utilize 

what was important to our processes, products, and patients. After all, it has been twenty years since cleaning 

validation was introduced to the industry and even with QbD, PAT or the lifecycle approach-companies spend 

more time focused on equations and recovery testing rather than what is critical to the processes, products and 

patients. TOC is effective, efficient and acceptable for CV Applications. TOC is different, companies need to 

think differently to implement. There are specific steps to take to ensure compliance when using TOC. 

Staying in compliance is a “continuous” process and not a one time event.  
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