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ABSTRACT 
The main goal of this work was to create a valuable Approach that enables a Clea-
ning Validation over manufacturing products lifecycle.
Cleaning Validation management has been described in regulatory guidance for 
several aspects of validation, such as, process lifecycle: process design, process 
qualification (included sampling operations) and continued process verification. 

Verification of the cleaning validation in every single produced equipment, over 
the product life time is now an expectation from regulatory authorities. 
Improper cleaning results the carryover of the previous product residue and leads 
to failure of the product, so adequate cleaning procedures should be in place to 
clean the equipment to provide the documented evidence. The established clea-
ning procedures and cleaning methods shall be validated. 

Based on this, De Lama as an equipment producer, is intended to implement an 
overview for a lifecycle approach, from the process design, process qualification 
and continued process verification, establishing scientific evidence that a cleaning 
process is in state of control and therefore capable of consistently and effectively 
assure product quality without any cross contamination.  

Since pharmaceutical products and processes are complex and multivariate by 
nature, a scientific understanding of relevant multi-factorial relationships requires 
careful analysis both for the construction of the equipment (including construction 
materials) and for development of a cleaning cycle based on the threshold of toxi-
cological concern (PDE) of the worst case product with risk-based approach.  
In this context, a lifecycle management approach to assess better properties of 
cleaning machine was created. The aim is to reduce or even eliminate potential 
failures and make more resourceful and efficient, qualitatively and quantitatively, 
processes over lifecycle. 

The goal is achievement of a systematic cleaning process based on equipment 
construction and designed cleaning methods (control of the potential carryover of 
the product designed in order to effectively to reduce the previous product resi-
due), targeting the highest quality of a manufacturing product. 

Keywords: Quality, Validation, Lifecycle, Process, Tools 
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INTRODUCTION
Cleaning is a critical process meant to prevent contamination from active ingredien-
ts, excipients (or non-actives), cleaning agent residue, microbial residue, or other 
contaminants from one process to the next.  
A life cycle approach helps to identify crucial parameters as sources of cleaning 
process variation that affect product quality. Controlling the sources of variation 
represent the key concepts of assessing products’ quality framework. 

The next chapter – LITERATURE OVERVIEW – has the purpose of giving the back-
ground required to understand the points addressed in the later chapters, therefo-
re the focus is mainly on cleaning validation on washing machine.  
This work focuses on how a science based approach toward cleaning validation 
can be created and how such an approach can prevent potential sources of failu-
res. 
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De Lama DLWM Washer with Double Magnetodoor® magnetic driver door.
Magnetodoor® is patent by De Lama and assures 100% door cleanability even in the 
rear side, which can be also manually cleaned.



LITERATURE OVERVIEW 
In recent years, several changes have been made to Eudralex Good European 
Manufacturing Practices (EU GMP) and the directives relating to medicinal pro-
ducts. The reason for these EU GMP reviews by the European Medicines Agency 
(EMA) is due to a review of the “Directive on counterfeit medicinal products” (Di-
rective 2011/62 / EC). 
The aim was to adapt the EU GMP guidelines (EMA) and to take into account the 
new manufacturing technologies, and also to align, if applicable, the EU GMP 
with the other international guidelines (FDA, ICH).  
The prevention of cross-contamination was one of the central topics of the recent 
EU GMP updates. Prevention of cross-contamination is one of the top 10 “defects 
observed” from 2011 to 2013 by the UK Health and Drug Administration (MHRA).  
Strong validation of cleaning practices and the definition of health-based exposure 
thresholds have been identified as effective means to prevent cross-contamination. 
As a result, new sets of requirements have been added in the EU GMP updates 
regarding these topics

In this paragraph discusses the key changes to the cleaning validation guidelines 
according to toxicological and pharmaceutical assessment. Definition of thresholds 
and the identification of active residues considered to be difficult (“worst case”) 
which should be part of the life cycle program of the cleaning are described in 
Appendix attached to this article.

1. The EMA has revised its directive “on the definition of health-based exposu-
re thresholds”, applicable from June 2015 (European Medicine Agency (EMA), 
Guideline on setting health-based exposure limits for use in risk identification in 
the manufacture of different medicines, November 2014). Limits of active residues 
or detergents (maximum residual product threshold - MACO) should be assessed 
using health limits based on the Permitted Daily Exposure (PDE).
PDE represents a specific dose of substance that is unlikely to cause an adverse 
effect if a person is exposed to that level or lower level of that substance each 
day throughout his life. The PDE is based on the No Observed Adverse Effect 
Level (NOAEL) scale, body weight, and five uncertainty factors, including clinical 
and non-clinical toxicological and pharmaceutical data. The minimum observable 
effect level (LOEL) would be acceptable to use if the NOAEL data could not be 
determined (Final Concept Paper, Q12: Technical and Regulatory considerations 
for Pharmaceutical Product Lifecycle Management, Endorsed by the ICH Steering 
Committee on 9th September, 2014). Finally, the toxicological data must be in-
cluded in the evaluation of the identification of the products registered in the site, 
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unless it is proven that the active residue is degraded and may become inactive 
pharmacologically or toxicologically.

2.	 Annex	15	of	the	EU	GMP	“Quantification	and	Validation”, applicable from 
October 1, 2015(European Commission, Good Manufacturing Practice for Me-
dicinal Products for Human and Veterinary Use - Annex 15, Qualification and 
Validation, (2015)), requires that validation of cleaning be based on a scientific 
approach and based on risk management. As a result, the criteria of “visual cle-
aning only” are no longer acceptable. The number of validation runs required 
can be determined via a justification of the risk assessment. To demonstrate robust 
cleaning, sufficient data should be captured through continuous monitoring or pe-
riodic verification. The frequency of periodic verification will be determined by the 
results of the quality and professional risk assessment. The document also states 
that the active residue threshold is calculated using toxicological data (health-ba-
sed thresholds). As such, the cleaning efficiency of residues should be determined 
based on solubility, ease of cleaning and toxicity, including by examining toxico-
logical data. Finally, dedicated equipment should be considered when a cleaning 
process is ineffective in staying below the calculated threshold.

3.	 Chapter	3	of	the	GMP	EU	“Premises	and	equipment”	and	Chapter	5	“Pro-
duction” have also been revised and made applicable as of March 1, 2015. 
These documents focus on the prevention of cross-contamination and on the eva-
luation toxicological(European Commission, 3, Good Manufacturing Practice for 
Medicinal Products for Human and Veterinary Use - 2015 chapter, Premises and 
equipment, (XNUMX) and European Commission, 5, 2015, Good Manufacturing 
Practice, Medicinal Products for Human and Veterinary Use). The transitional 
organization of the implementation of the toxicological assessment is different and 
stricter than that proposed by the EMA guideline. Consequently, an implementa-
tion strategy should be developed to justify the possible failure of the deadlines 
determined by the 3 Chapters, 5 and Eudralex Annex 15.
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LIFE CYCLE APPROACH 
The life cycle approach is a good way to standardize manufacturing and cleaning 
processes to prevent any product contamination: process design, process qualifica-
tion, and continued process verification according to relevant guidelines. 
For De Lama washing machine was developed with the following steps:

Stage 1 process design, comprises the user requirement specifications (URS) 
commercial manufacturing process is defined, based on knowledge gained throu-
gh development and scale-up activities. This ensures that variables within the pro-
cess are identified and critical variable limits are defined (performed by De Lama 
Engineering dept. according to the Customer URS)

Stage	2	process	qualification, covers the validation strategy, including:
• washer load configuration
• cycle operation with acceptance criteria (performed by R&D De Lama dept. 

according to the specifications requested by the Customer)
• analytical and sampling methods, and other items (performed by Customer).

Stage	3	continued	process	verification consists of preventive mainte-
nance activities, periodic reviews, and continued monitoring of the cleaning pro-
cess that can help maintain a state of control when producing drugs at a commer-
cial scale (performed by Customer).



Copyright  ©  2020 De Lama spa 

The	flow	chart	shown	below	depicts	the	life	cycle	approach	as	it	relates	to	traditional	mar-
kers	in	sourcing	of	De	Lama’s	washing	machine	and	using	it	within	a	validated	process.	
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De Lama cGMP Washer model DLWM

STAGE 1
PROCESS DESIGN 
For cleaning validation assessment includes steps such as:

A) URS
B) Development project
C) Factory Acceptance Test (FAT)

A) URS:
User Requirement Specification (URS) is a list of all requirements and desired crite-
ria of Customer regarding the equipment to be produced.

The standard design of phar-
maceutical equipment washers 
requires a full cleanability and 
drainability of the chamber, 
pumps and piping, as well as 
the prevention of any possible 
cross-contamination between 
product batches and any mi-
crobial growth during inopera-
tive phases.  
One of the key element in 
designing a washer for phar-
maceutical applications is 
customization, as the materials 
and tools to be subject to the 
cleaning operation vary ac-
cording to the manufacturing 
equipment each customer has 
in place in the facility. This ne-
cessity becomes critical when 
the washer is specifically used 
for cleaning mechanical parts 
which are used in sterile manu-
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De Lama computer 3D trolley simulation with 3D desi-
gn of single parts to be washed.

facturing processes.  
It is essential to design individually 
customized wash racks to accom-
modate the specific mechanical 
parts and tools in a predetermined 
and optimized configuration, whi-
ch is the result of a risk assessment 
of their cleanability in the washing 
chamber. This preliminary engine-
ering study can be performed by 
considering the single mechanical 
parts, acquiring their dimensional 
values and shape through 3D scan-
ning and developing digital simula-
tions to identify the best configura-
tion for their accommodation in the 
rack.

Another key element in the desi-
gning of a washer is the choice of 
the piping system and nozzles po-
sitions for spraying operations. In 
particular, an appropriate engine-
ering study is requested to determi-
ne the	precise	water	flow	for	cove-
ring all parts to be cleaned and the 
suitable pressure for the required 
mechanical action. This target can 
be achieved by installing pipework 
inside the chamber provided with 
a certain number of nozzles and 
by positioning a rotating spraying 
device	to	improve	water	flow	distri-
bution. 

From the quality point of view, this 
solution is to be critically verified 
considering the pipework draining 
and the mechanical connections of 
the rotating device, which could be 

Fixed nozzels are positioned on the trolley after 
water cones simulation.



De Lama 100% customized 3D water cones coverage computer simulation.

a source of possible conta-
mination. 
On this regards, also the 
presence of heating ele-
ments in the bottom of the 
chamber should be critically 
assessed, taking into ac-
count their possible impact 
on water flow, chamber 
cleanibility and the heating 
distribution in the chamber.  
No mechanical parts un-
der movement neither pi-
pework are installed inside 
the chamber except the 
rack with its load. In fact, 
the rack itself is the system 
used for providing the ap-
propriate water flow cove-
ring the mechanical parts 
of the load to be cleaned. 
This innovative engineering 
solution is based on the fol-
lowing elements:

The	aquisition	of	3D	files	of	parts	can	also	be	done	by	De	
Lama technicians with a 3D-scanner, in De Lama premises 
or	in	Customer’s	facility	to	avoid	any	production	stop	and	
time-loss.
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De Lama 100% customized trolley. 
3D designed realized after aquisition of 3D 
design of every piece to be washed.

De Lama 100% customized trolley. 
Every	piece	to	be	washed	has	a	prefixed	posi-
tion for 100% repeatability

• The rack includes (is made of) a 
pipeline provided of nozzles, which 
are distributed in different points 
and with different orientation

• The rack is provided with an outlet 
extremity point for a quick con-
nection with an inlet device which is 
present in the chamber, for feeding 
the requested water flow

The main advantage of this innovative 
configuration is the easier achievement 
of the cleaning validation, being the 
nozzles chosen in terms of number and 
position (orientation) as a function of 
the mechanical parts position in the 
load.

The digital simulations which are car-
ried out for the load configuration are 
also used for determining the position 
and orientation of the nozzles on the 
same rack, allowing to implement pre-
cise flushing on the smallest and most 
critical points of the load, achieving a 
high level of repeatability of the clea-
ning operation.  

Another interesting solution of this 
innovative washer is the absence of 
any heating element inside the cham-
ber. Water is heated through a heat 
exchanger which is installed in the 
technical area which can be remoted.  
As a result, the inside of the cham-
ber shows an ultra-clean design, with 
only the presence of the inlet point for 
quick connection to the rack, a sani-
tary pneumatic valve for the inlet of 
flooding water, a sanitary drain valve 
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on the bottom side two lateral openings for 
exhausting air during the drying phase.   

A clear view of the washing operation can 
be taken through the glass door which has 
been installed without any steel frame to 
avoid any possible dirty retention, by adop-
ting an inflatable	gaskets	system, so impro-
ving the contamination prevention due to 
possible product residues. 
In the technical area, which can be remoted 
minimizing footprint inside the operating 
site, all required services and utilities (PW, 
FWI, filtered air) are installed, including the 
measuring devices for determining tempe-
rature, flow rate, volumetric dosing of the 
added detergents, pH, conductibility. 

A human-machine interface (HMI) is instal-
led for users to develop, monitor and record 
cleaning cycles according to the results of 
the cleaning validation of the different lo-
ads. 

De	Lama	Washer’s	has	a	magnetic	clo-
sure	and	inflatable	gaskets	with	verti-
cal-pressure with anti-cracking concept.

De Lama Washer without heat exchan-
ger. Totally Cleanable.
There are no rotating arms, for maxi-
mum repeatability.

De	Lama	Washer’s	technical	area	can	be	
remoted in order to save footprint space in 
production area.
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De Lama Washer has 100% glass door without steel frame.
Steel frame absence avoids any possibile dirt retention.



Copyright  ©  2020 De Lama spa 

B) PROJECT DEVELOPMENT:
After receipt Customer’s URS:

Engineering / Automation / QA / R&D dept.: collecting information on the parts 
to be cleaned, including materials of construction, type of product to be cleaned, 
and condition of the equipment surface after washing cycle. A risk analysis is 
issued focused to the designing the cleaning cycle, and defining the loading confi-
guration. To develop loading configurations is custom-designed to provide a speci-
fic place or location for each item required by URS.

During this design stage will be evaluated the efficiency of the washing machine: the cleaning 
cycle must remove residues to acceptable health-based limits. Both the sampling technique and 
analytical methodology should demonstrate that these limits are met.

Cleaning cycle customized: the goal of cycle customized is to adjust the critical cle-
aning parameters to meet acceptance criteria of Cleaning Validation.

Cycles generally consist of: 

• Prewash: removing the residues
• Wash: remove all remaining residues. A predefined amount of detergent is au-

tomatically injected into the washer chamber. It is important select the correct 
temperature for detergents in use in order to guarantee the detergents reach 
their optimal cleaning efficacy.

• Rinse: no residues were present. This step is to remove the detergent residues.
• Drainage: removal waste-water from piping.
• Piping Blowing: blowing with filtered compressed air for the removal moisture 

on piping
• Final rinse: removing all remaining residues. Single-pass rinse is performed 

because reducing the level of residues more rapidly (residues  are removed 
from the surface of load tray and they are not re-deposited on the glassware or 
parts because a continuous flow of fresh water is distributed inside and outside 
the washing chamber) than the usual re-circulated rinsing. During validation 
activities and routine verification the final rinse water quality is measured using 
standard online conductivity placed in De Lama washing machine (DLWM) and 
TOC monitoring performed by Customer’s laboratories providing ongoing assu-
rance over the life cycle of the cleaning process.

• Drying: blowing with hot filtered air to eliminate moisture on the load, chamber 
and piping.

• Cooling: blowing with filtered air on the load, chamber and piping



• Additional wash and rinse steps (optional)

Cycle customization may be performed at the Customer site or during the pre-com-
missioning steps before FAT. However, the best practice for cycle customization is 
during the preparation of technical documentation, using R&D studies.

Cycle customization development includes4:
• Cleaning	efficiency:	residue is coated on a materials similar to the Customer’s 

equipment parts and cleaned with a proper cycle.
• Determination	of	critical	control	point’s	cleaning	cycle such as cleaning agent, 

concentration, temperature, wash time, water quality, water prewash, tempera-
ture, and dirty hold time.

The goal is to define the normal operating parameters to meet cleanliness criteria. 
However, the understanding of the equipment design and washing cycle is fully 
detailed in ICH Q8 and UNI ENI ISO 15883-1.

De	Lama	Washer	in	model	DLWD	designed	for	‘thumble	dryers’	washing.

Copyright  ©  2020 De Lama spa 



Copyright  ©  2020 De Lama spa 

C) FACTORY ACCEPTANCE TEST (FAT)
After the washer has been manufactured according to the URS, the factory accep-
tance test (FAT) is executed.

Once the unit is installed, the execution of FAT, at the De Lama website, takes pla-
ce in the presence of the customer and includes the following steps:

• Review the design, manufacturing, and qualification documentation, and veri-
fy that all desired features, options, and accessories are present and meet the 
user’s expectations.

• All alarms, inputs, and outputs are tested.
• Operational tests (execution of the washing cycle) are conducted to ensure 

compliance with functional specifications.
• Cleaning efficacy test is a critical cleaning parameter ( the lack of execution of 

this test means that the cleaning solution does not reach all internal or external 
load items surfaces). Typical cleaning efficacy test performed in De Lama is 
following described: the inside surface of load items are sprayed with a water 
and solution 1% riboflavin, then positioned on loading trolley according to the 
predefined specifications.

The washer chamber, loading trolley, and load items are then also sprayed with 
water and solution 1% riboflavin, and the solution is allowed to dry. 
A short rinse-only cycle should then be run. Once the rinse cycle is completed, 
the load items are removed from the wash chamber and inspected in a dark area 
using an ultraviolet light. Since riboflavin is water-soluble, this will identify areas 
where it is still present, which indicates that water did not reach that area. 
(De Lama offer to perform actual cleaning tests with user-provided parts and clea-
ning agents).
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De Lama technicians performing a ONLINE FAT, for a Washer.



STAGE 2
PROCESS QUALIFICATION 
Qualification Stage 2 typically includes Site Acceptance Test (SAT, when required), 
Installation	Qualification (IQ) and Operation	Qualification (OQ) to determine that 
the washer: 

• Has been installed as specified and the utilities are sufficient to maintain opera-
tion 

• Is operating as specified and includes a repeat of the riboflavin coverage te-
sting, a successful run of a complete cleaning wash cycle, verification that all 
alarms are functioning properly, and confirmation that sensors/probes are cali-
brated and functioning as designed. 

The next step is to execute the	Performance	Qualification	(PQ)	/ Cleaning Vali-
dation (CV) of the washer. Sampling should be performed on the soiled parts to 
establish a baseline, and on the cleaned items to demonstrate that the final rinse 
water acceptance criteria corresponds to the cleanliness of the parts washed. 

Before starting the PQ/CV, pre-requirements must be confirmed:

• Cleaning documentation including protocols and operating procedures have 
been approved;

• Personnel have been trained on the documentation and procedures;
• Utility supply systems have been qualified;
• Analytical methods and sampling procedures have been validated;
• Suppliers of cleaning agents have been approved;
• Washer is fully functional and technical documentation are present;
• Punch-list completed.
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The	flow	chart	shown	below	depicts	the	cleaning	validation	approach	as	it	relates	to	tra-
ditional	markers	in	sourcing	of	De	Lama’s	washing	machine	and	using	it	within	a	valida-
ted process.



CLEANING VALIDATION APPROACH
(outside De Lama site) 
The general approach for Cleaning Validation activities considers the following 
main aspects:

1.  Validation runs;
2.  Cleaning levels and validation;
3.  “Worst case approach” for ingredients/intermediates and equipment, where 
applicable;
4.  Definition and validation, where applicable, of Holding Times for the clea-
ning activities (DHT, CHT);
5.  Definition of the general criteria for the residues acceptability.
6.  Definition of the general criteria for the application of the verification 
methods (sampling and analytical methods);

1. Cleaning validation runs 
For commercial production/part of disassembly equipment , cleaning validation 
activities should include at least three (3) consecutive applications (runs) and te-
sting of extreme conditions (such as the lowest possible detergent concentration 
and 20% water, compared to the useful capacity of equipment, used during wa-
shing operations), wash and rinse cycle temperatures, and times for the various 
steps of each cleaning process under examination, which demonstrate the efficacy 
of the involved procedure in removing/reducing the contaminants up to predeter-
mined acceptance levels.  
Cleaning verification approach is applied also for commercial production/part of 
disassembly equipment as long as the cleaning procedures are not validated. 

2. Cleaning levels and validation 
The cleaning validation will be addressed essentially to situations where product 
changeover occurs, with the exception of equipment for High potent products, 
although dedicated, will in any case be submitted to cleaning validation. 

3.	“Worst	Case”	product	identification	
The process substances used as indicator of the cleaning effectiveness are selected 
according to a “worst case approach”, taking into account the following factor at 
least, in accordance with EU GMP Part II. 
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Starting materials/Intermediate/API solubility in the wash solvent. The solubility 
value of each substance is placed in a range of solubility according to the indica-
tions provided by USP current version “5.30 Description and solubility”. 
Worst case starting materials/Intermediate/API may be assessed also for their 
relative difficulty to clean and/or toxicological characteristics that will be rated, 
where applicable, according to a scientific rationale. 
The results of the scores assignment for intermediates/starting materials and the 
choice of worst case products will be shown in the specific Cleaning Validation 
Project Plans.

4. Cleaning Holding Times 
During validation of cleaning procedures it should be verified that the time betwe-
en the end of the manufacturing operations and the beginning of the cleaning of 
equipment/systems (“Dirty Holding Time” or DHT), where required by procedu-
res, does not reduce the effectiveness of the procedures. 
If applicable, it should be also verified that the maximum time of storage of clea-
ned equipment/systems (“Clean Holding Time” or CHT), where required by pro-
cedures, does not produce an increase of bioburden and endotoxins on the equip-
ment/systems over the predetermined acceptance criteria. 

5. Acceptance criteria 
The rationale and calculation of chemical residues acceptable limits will be provi-
ded considering the “worst case” products as indicators of the effectiveness of the 
cleaning process, based on information reported in the cGMP. Details of the ac-
ceptance limits established for the specific activities of Cleaning Validation, should 
be defined in the relevant validation protocols. 
The new revision of Annex 15 establishes that the definition of acceptance limits of 
the cleaning validation should be based on the toxicological assessment of sub-
stances that may contaminate the batch subsequently manufactured. 

The toxicological evaluation is based on Acceptable Daily Exposure (ADE) or Per-
mitted Daily Exposure (PDE) of worst case contaminant residue if the contaminant 
is an API or a solvent, and on DL50 if the worst case contaminant is an intermedia-
te. Default criteria (10-100 ppm) can be used for dedicated equipment or in case 
of intermediates in absence of toxicological data. Considering that no more than 
the Acceptable Daily Exposure (ADE) Permitted Daily Exposure (PDE) of worst 
case residue must be present in the maximum daily dose of the next product, the 
maximum amount of active ingredient in the product batch worked subsequently 



(MAC Maximum Allowable Carryover) is calculated by the following formula 

Where:

- MACA (µg) = Maximum Allowable Carryover, maximum amount of worst 
case substance (A) that can be transferred in the batch of product worked subse-
quently (B)
- MBSB (mg) = minimum product batch size of API which can be worked sub-
sequently (B)
- TDDB (mg) = maximum daily dose of the API which can be worked subse-
quently (B), extrapolated from literature.
- ADEA or PDEA(µg/day) = maximum dose of worst case API (A) to which a 
person can be exposed for a lifetime without showing adverse effects.

The final calculation of the limits for the involved equipment depends on the sam-
pling method, according to the following formula:

 For swab sampling: 

S (cm2)x Vs (ml) 
S is the total area of the equipment train shared with worst case substance. 
Ss is the surface of equipment area sampled by swab 
Vs is the volume for recovering of residue from the swab sample 

For rinse sampling: 

S is the total area of the equipment train shared with worst case substance. 
Se is the surface of equipment sampled by rinse 
Ve: Volume of solvent used for equipment rinsing. 
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6. Analytical and sampling methods. 
According to the US Code of Federal Regulations, Title 21, Part 211, Subpart I, 
Section 211.165, “The accuracy, sensitivity, specificity, and reproducibility of test 
methods employed by the firm shall be established and documented”, ICH Q2B 
guidance (a harmonized approach to the requirements for analytical method 
validation) provides additional information, ICH Q2B guidance, EMA “Guideline 
on Setting Health Based Exposure Limits for Use in Risk Identification in the Manu-
facture of Different Medicinal Products in Shared Facilities” and APIC “Cleaning 
Validation in API Manufacturing Plants” for analytical methods and acceptance 
criteria used in cleaning validation. 

Analytical methods are:  
For the execution of Cleaning Validation, there should be used analytical methods 
that are able to detect the residues identified as possible contaminants of chemical 
type (where applicable) and microbiological (microbial count from the ingredient/
products).
The analytical methods may be specific or non-specific, based on the type of con-
taminants to be searched:

• specific methods (recommended) identify the number of targeted species found 
in the presence of expected interferences (i.e. UPL or HPLC).

• non-specific methods such as total organic carbon (TOC), conductivity, and 
titration, take into account residue from all contributing factors.

The analytical methods to be used for the activities of Cleaning Validation will be 
indicated in the specific validation protocols. 

Methods and sampling points 
The chemical and microbiological sampling points, for equipment/systems to be 
validated, must be clearly identified in the specific validation protocols and their 
choice must be explained, preferring, where possible, the worst points in terms of 
difficulty of cleaning. Specific risk assessment can be produced in each validation 
protocol for the sampling activities in scope.

a) Chemical sampling
Methods typically used for the sampling of chemical residues, are “swab” and 
“rinse”. These methods can be used in combination or individually according to 
their applicability on the involved system/equipment.
The sampling by rinsing will be used for equipment and/or components that are 
routinely rinsed in accordance with the cleaning procedure and for equipment 



and/or components difficult to disassembly and/or difficult to sample by swab. 
Swab will be performed at the end of the cleaning and drying on the parts/equi-
pment easily accessible to the operators, by taking a sample from the surface of 
the equipment with a swab soaked in a suitable solvent; the swab will be applied 
on the most critical points of the equipment, or on the points where the risk of the 
presence of contaminants is higher; the criticality will be properly documented in 
the specific protocols, depending on the conformation and the construction mate-
rials of the equipment.
Sampling modes of “swab” and “rinse” are defined in specific site procedures/
methods.

b) Microbiological sampling
Methods used for microbiological sampling are “swab” (microbial swabs or con-
tact plates) and “rinse”. These methods can be used in combination or individually 
according to their applicability on the involved system/equipment.
Sampling modes of “swab” and “rinse” are defined in specific site procedures/
methods.
The methods of microbiological sampling described here above will be also used 
to assess the Clean Holding Time.

Determination of Recovery Factors 
The analytical methods must be validated with respect to the limits established for 
the Cleaning Validation and in combination with the used sampling technique, in 
order to demonstrate an appropriate level of detection and the consistency of the 
product recovery. The Recovery Factor expresses the percentage of residue, com-
pared to the total residue present on the involved surface, which can be detected 
by applying a specific sampling technique, in combination with a determined 
analytical method. 
The Recovery Factor will be generally determined for each material constituting 
the equipment in contact with the product and for each used sampling method. 

STAGE 3
CONTINUED PROCESS VERIFICATION 
The main purpose of the third life cycle stage is to provide continued assurance 
that the cleaning procedure is performing as expected, and that it remains in a 
state of control for the life of the product(s) being manufactured. In this stage, the 
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facility is manufacturing product and the cleaning procedure and washer are ope-
rating within the normal range. 
Stage 3 includes trend analyses of the measured CPPs (critical process controls) 
and CQAs (critical quality attributes) (i.e. online conductivity and TOC of the final 
rinse water) as well as drying temperature/time and ramp rates, which can incre-
ase cycle times. Data trending helps supports corrective actions prior to deviations 
or OOS results, which can compromise the quality of products manufactured.  

Preventive maintenance 
The preventive maintenance program of the washer and parts is based on the De 
Lama’s recommendations and adjusted as the equipment ages. 

CONCLUSION 

The cleaning life cycle approach performed by De Lama site (design, qualifica-
tion, and continued verification) focuses on design and monitoring of the cleaning 
process as well as a better understanding of the design process (critical parame-
ters and URS of the parts washer) promoting a continuous manufacturing process 
improvement. 
A strict collaboration between the constructors and the pharmaceutical users is the 
key to achieving innovative equipment satisfying all quality and technical-economic 
requirements. 
The advantage of this approach stays in the exchange of knowledge which would 
increase competencies in the use of more and more sophisticated pharmaceutical 
equipment and makes easier to perform all process validation activities including 
equipment cleaning.  
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APPENDIX 

WORST CASE PRODUCT

Contaminants for Cleaning Activities 
The contaminants that will be searched during the validation of the cleaning pro-
cedures of the Customer site are the following:

Active Ingredients/intermediates/ Final Product 
The substances will be selected according to the “worst case” approach by Risk 
Assessment.  

Cleaning agents 
The cleaning effectiveness, solubility, and toxicity profiles of the cleaning agent 
must be considered, as well as any safety and environmental factors. 
They are freely soluble in water and compatible with the surfaces to which they 
are applied. Given the nature of cleaning processes, providing full product contact 
rinses of product surfaces, and the cleaning agents used being completely soluble 
in water and formulated for free-rinsing, rinse sampling is an appropriate sam-
pling technique for assessing equipment cleanliness for cleaning agents. 
Cleaning agents must be removed to predefined residue limits based on their toxi-
city.  
On line conductivity of the final rinse water in De Lama washing machine is instal-
led to assure that residues of both Na + K+ and (PO4  )3- ions are below safety 
levels. 
When the conductivity of the final rinse water is below a defined µS/cm (accor-
ding to the water quality introduced in the washing machine i.e. NMT 1.3 µS/cm 
at 25°C) the concentration of the cleaning agents is acceptable. 
Microbial residues 
The microbial contamination of process equipment, after cleaning, will be checked 
in case of active ingredients that will be used for sterile pharmaceutical forms. 
The cleaning cycle must be capable of keeping the microbial contamination below 
pre-defined levels. The “biological” risk is kept very low due to several factors 
defined into a “biological risk” assessment.  
Microbial contamination will be checked either using the final rinsing water (WFI 
or PW) of each cycle or by means of direct microbiological swabs of surfaces 
(contact plates). 
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For final rinsing water the maximum allowed number of microorganisms will be 
the same to meet requirements for WFI or PW (rinse results of TMC must be NMT 
the TMC limits of purified water or water for injection used for rinsing). Additional-
ly also TOC measurements can be used with limit of NMT 500 ppb. 
For contact plates the maximum allowed number of microorganisms will be defi-
ned according to toxicological evaluation criteria is based on Acceptable Daily 
Exposure (ADE) or Permitted Daily Exposure (PDE). 

Endotoxins 
The endotoxin contamination of process equipment, after cleaning, will be 
checked in case of active ingredients that will be used for sterile pharmaceutical 
forms. 
Endotoxines will be checked sampling the final rinse water of each cycle. 
The maximum level of endotoxin will be <0.25 IU/mL.  
Additionally also TOC measurements can be used with limit of NMT 500 ppb as 
per WFI requirements.

ACCEPTANCE CRITERIA

Acceptance limits for worst case intermediates residues, based 
on toxicological evaluation 
Since no ADE/PDE is available for intermediates, MAC was determined on the 
basis of the estimated NOEL (No Observed Effect Level). 
The DL50 value is used to estimate the “NOEL” to be used in MAC calculation, as 
follows: 

Where:

- LD50A (mg/day) = LD50 (Lethal dose) of worst case intermediate A.
- BW = Average body weight (50 Kg)
- SF = Safety Factor (2000)
- MACA (µg) = Maximum Allowable Carryover, maximum amount of worst 
case substance (A) that can be transferred in the batch of product worked subse-
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quently (B)
- MBSB (mg) = minimum product batch size of API which can be worked sub-
sequently (B)
- TDDB (mg) = maximum daily dose of the API which can be worked subse-
quently (B), extrapolated from literature
- SF1 = Safety Factor (1000)

The final calculation of the limits for the involved equipment depends on the sam-
pling method, according to the following formula: 

For swab sampling: 

S is the total area of the equipment train shared with worst case substance. 
Ss is the surface of equipment area sampled by swab 
Vs is he volume for recovering of residue from the swab sample
. 
For rinse sampling: 

S is the total area of the equipment train shared with worst case substance 
Se is the surface of equipment sampled by rinse 
Ve: Volume of solvent used for equipment rinsing. 

Cleaning agents 

Organic solvents
The maximum amount of solvent that can be transferred into the batch of subse-
quently processed product must be equal to the amount allowed in the finished 
product divided by a safety factor. On the basis of the aforesaid criterion, the ma-
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ximum permitted quantity of solvent in the subsequently processed product (MAC, 
Maximum Allowable Carryover) is calculated with the following formula: 

Where is:

- MACA (µg) = Maximum Allowable Carryover, maximum amount of solvent 
(A) that can be transferred to the batch of subsequently processed product (B)
- MBSB (mg) = minimum batch size of product (B) that can be processed later
- SF = Safety factor
- CA (µg/g) = maximum solvent concentration permitted in the finished pro-
duct; this is extrapolated from the ICH Guideline Q3C (R5) “Impurities: guideline 
for residual solvents” or from the pharmacopoeia monographs of the API in que-
stion.

The maximum acceptable residue on process equipment is calculated in combina-
tion with the sampling method used according to the following formula:

For rinse sampling:

S is the total area of the equipment train shared with the solvent under examina-
tion 
Se is the surface of equipment sampled by rinse 
Ve: Volume of solvent used for equipment rinsing.  

Inorganic solutions 
Preferably, an acceptable level of cleaning agent is established based on toxicity 
carryover calculations. The conductivity or pH limit, used for acceptance of clea-
ning agent residues, is then set at a level equivalent to that concentration (based 
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on toxicity carryover calculations) at a specified temperature. 

Default acceptance limits for worst case residues 
The default acceptance limits are calculated according to the following general 
criterion: 
no more than 10-100 ppm of substance (A) must be present in the minimum batch 
size of the next product (B). 
The maximum amount of residue in the product batch worked subsequently (MAC 
Maximum Allowable Carryover) is calculated by the following formula 

Where:

- MACA (µg) = Maximum Allowable Carryover, maximum amount of substan-
ce (A) that can be transferred in the batch of API worked subsequently (B)
- MBSB (mg) = minimum API batch size which can be worked subsequently 
(B).
The final calculation of the limits for the involved equipment depends on the sam-
pling method, according to the following formula:

For swab sampling:

 

S is the total area of the equipment train shared with worst case substance.
Ss is the surface of equipment area sampled by swab 
Vs  is the volume for recovering of residue from the swab sample. 

For rinse sampling:
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S is the total area of the equipment train shared with worst case substance 
Se is the surface of equipment sampled by rinse 
Ve: Volume of solvent used for equipment rinsing.  

Accetance limits for equipment potentially in contact with products 
The swab limits previously calculated will be applied also for equipment poten-
tially in contact with product because, if the surfaces in direct contact with the 
product are acceptable with these levels of contamination, the same limits will be 
more acceptable for surfaces that are not in direct contact with the product.


