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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
Internationg

Internationg
The main t

adopted by
Internationg

mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft Interiational Stand
the technical committees are circulated to the member bodies for voting."Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 198, Sterilization of health care products.
Consists of the following parts, under the general title Aseptic processing of health care product
General requirements
Filtration

Lyophilization
Clean-in-place technologies
Sterilization in place

Isolator systems

the

ards
an

tent

Attention is
rights. ISO

ISO 13408
ISO 13408

— Part1:
— Part 2:
— Part 3:
— Part4:
—  Part 5:
— Part 6:
iv
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Introduction

During the process of preparing ISO 13408-1 several items, e.g. filtration, lyophilization drying and
sterilization-in-place technologies, were found to be in need of supplementary information that was too
voluminous to be given in corresponding annexes.

uring cléan-in-place
idation and

Thi§part o
progesses. The purpose of this part of ISO 13408 is to achieve standardization in the field of\va
routine control of clean-in-place processes used in the manufacture of health care products.

Clean-in-place processes allow parts of the equipment or an entire process system,to be cleahed without
being dismantled, reducing the need for disassembling and connections under clean.conditions. Fpr example,
tanis, vessels, freeze-dryers piping and other processing equipment used for manufacture may bé cleaned in
plage.

Thel| clean-in-place process is in most instances followed by sterilization-in-place process (described in
ISO[13408-5). While clean-in-place and sterilization-in-place methods~differ considerably in technology, the
congept of in situ treatment is similar.

Design considerations of all systems are critical to ensure that.clean-in-place technologies can be guccessfully
applied to clean manufacturing equipment to the desired level'of cleanliness.

© 1SO 2005 - All rights reserved \
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Scope

part of ISO 13408 specifies the general requirements for clean-in-place (CIP))processeg
uct contact surfaces of equipment used in the manufacture of sterile health',¢are products
essing and offers guidance on qualification, validation, operation and control.
uipment designed to be compatible with CIP, which may come in contact with the product.
part of ISO 13408 is not applicable to processes where equipmeént is dismantled and cleaned
part of ISO 13408 does not supersede or replace national regulatory requirements, sug

ufacturing Practices (GMPs) and/or compendial requirements that pertain to particular nationa
dictions.

Normative references
following referenced documents arélindispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments)-applies.

13408-1, Aseptic processing\of health care products — Part 1: General requirements

IEC 90003, Software engineering — Guidelines for the application of ISO 9001:2000 t
vare

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 13408-1 and the followin

applied to
by aseptic

part of ISO 13408 is applicable to processes where cleaning agents ate,delivered to the interpal surfaces

in a washer.

h as Good
or regional

For dated
referenced

b computer

g apply.

cleaning agent
organic or inorganic chemical including water, detergent or mixture thereof, used as an aid in the cleaning
process for cleaning equipment

3.2

clean-in-place

CIP

method of cleaning of the internal surfaces of parts of the equipment or an entire process system without or

with

NOTE

minimal disassembly

based on the nature of the product and the process tolerance.

© 1SO 2005 - All rights reserved
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3.3
dead leg

location whi

3.4

ch, by design, does not permit adequate accessibility of the cleaning agent

design qualification
documented verification that the proposed design of the facilities, equipment, or system is suitable for the
intended use

3.5

material safety data sheet

document
environmen

3.6
worst-to-cl
most difficu

EXAMPLES
reached.

4 Quali

41

411 The

41.2 Do
control of th

41.3 Do
personnel.

414 Re
evidence of

specifying the properties of a material, its potential hazardous effects for humans and
t, and the precautions necessary to handle and dispose of the material safely

lean
t conditions for cleaning

Materials to be removed, surface types to be cleaned, process parameters to.be ‘met or position(s)

ly system elements

Geneéral

requirements of ISO 13408-1 shall apply.

umented procedures for each phase of the>development, validation, routine monitoring
e CIP process shall be prepared and implemeénted.

uments required by this part of 1ISQ13408 shall be reviewed and approved by design

ords of development, validatien,-routine control and monitoring shall be maintained to pro
conformity to the requirements of this part of ISO 13408.

4.2 Management responsibility

421 The
part of ISO

422
manageme

4.3 Desi

responsibilities-and authority for implementing and performing the procedures described in
13408 shall he) specified.

If the requiréments of this part of ISO 13408 are undertaken by organizations with separate qu

ht systems, the responsibilities and authority of each party shall be specified.

the

o be

and

hted

vide

this

ality

gn control

Characterization of the cleaning agent(s), cleaning method, equipment to deliver CIP and the equipment
subject to CIP, shall be undertaken in accordance with a documented plan. At defined stages, design reviews

shall be pla

nned, conducted and documented.

4.4 Measuring instruments and measuring systems

441
systems.

A documented system shall be specified for the calibration of all measuring instruments or measuring

4.4.2 The accuracy and tolerance of the measuring instrument shall be justified for the process to be

measured.
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5 Process and equipment characterization

5.1 General concepts
5.1.1 The specification for the CIP process shall include but not be limited to:

a) physical and chemical properties of the material to be removed and the strength of its adherence to the
surface from which it is to be removed;

b) physical and chemical properties and mechanism of action of cleaning agent(s);

c) |compatibility of the equipment with the cleaning agents and processing conditions;
d) |pre-cleaning period and conditions prior to cleaning;

e) |the number of passes (single-pass cleaning, and/or multi-pass cleaning);

f) [filling and immersing period with cleaning agent(s);

g) |agitation or spraying of cleaning agent(s);

h) |cleaning agent(s) elimination;

i) |post-cleaning drying;

j) |post-cleaning protection of the cleanliness of the equipment;

k) [maximum post-cleaning hold period and conditions.

5.1.2 Cleaning agent(s) shall be reproducibly delivered in effective quantities and concentrations to all parts
of the system.

5.1.8B In order to ensure effective C}Py.all parameters necessary to control the cleaning conditipns shall be
estgblished and documented. These.conditions shall be maintained and monitored within specified|limits.

5.1.4 When a large system is\to be subjected to CIP, by dividing it into several segments, the segments
shopld overlap to ensure that all portions of the system are adequately and effectively cleaned.

NOTE Although the.éntire processing system can be cleaned as a single entity in CIP, it can be advantageous to
divide the system into several parts in order to simplify the cleaning procedures.

5.1.p Complex'sequences of opening and shutting of valves in the pipes of a system could be required.

Where this is controlled manually, detailed documentation of individual steps shall be established. Where
autemationsissused, electronic automation systems should be carefully designed and validated.

5.2| “Effectiveness of CIP

5.2.1 The necessary level of cleanliness shall be established and documented. Justification of the process
parameters and the permitted levels of residual substances shall be included in the documentation. There
shall be no residue that poses a significant risk to patient safety.

NOTE Residual substances can include previous product or decomposition products thereof and/or cleaning agents.
5.2.2 Criteria for cleanliness are dependent in part, on the nature of the product that was previously
processed in the equipment to be cleaned taking into account potency, toxicity, biocompatibility,

carcinogenicity, mutagenicity, potential for tissue sensitization where equipment is not dedicated, etc. Where
removal of product is not possible with sufficient efficacy, it may be necessary to use dedicated equipment.

© 1SO 2005 - All rights reserved 3
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5.3 Equipment

5.3.1 Equipment to be subjected to CIP

5.3.1.1 The equipment shall be designed and manufactured to ensure its cleanability by taking into
account ease of cleaning with regard to the characteristics of the products to be processed. Worst-to-clean
locations shall be minimized through the use of smooth, impervious, non-grooved, continuous and polished
surfaces.

NOTE Dead legs, locations with stagnant liquid in piping, shoulders of tanks, intricate irregular internal surfaces such
as gasket interfaces and pump internal parts can usually be regarded as worst-to-clean locations.

5.3.1.2 Design considerations shall include but not be limited to:

a) smoothness of inner surface of equipment;
b) distribdtion of the cleaning agent(s) to all relevant surfaces (e.g. valves, connections, filterassemblies);
c) necesdity to use special equipment such as spray devices, their number, location andCoverage;
d) absende of dead legs in piping systems;

e) drainability of the system (e.g. slope of piping to ensure the complete removal of remaining liquid inf the
system);

f)  compafibility of materials of construction (e.g. pipes, tanks, valves, nozzles, filters, gaskets, sensors) jwith
the cle@ning agent(s) and process conditions selected;

g) access|to allow monitoring of cleaning conditions in appropriate locations;

h) protectjon of the cleaned equipment from re-contamination.
5.3.1.3 Specification of the equipment shall include but not be limited to:

a) physical description of the equipment, together with any necessary ancillary items, including materia|s of
constryction, (including as-built drawings);

b) specifigations of the cleaning agent and means by which it is provided, including any additive$ or
precurgors necessary for its delivery;

¢) descrigtion of instrumentation” for monitoring and controlling the cleaning process, including sepsor
characieristics and their docations, indicating and recording instruments;

d) descrigtion of safety‘features, including those for personnel and environmental protection;
e) descrigtion of installation requirements, if applicable;

f) documegntéd ‘evidence that the software used to control and/or monitor the process is preparef in
accordpnce with a quality system and that the software meets its design intention;

g) a process flow diagram which outlines the processing equipment layout to be cleaned, including valve
sequencing.

5.3.2 Equipment to be used for CIP

5.3.21 The equipment shall be designed and manufactured to effectively perform and control CIP of the
equipment to be cleaned. Primary functions to be verified in qualification shall include but not be limited to:

a) preparation and storage of cleaning agent(s);

b) admittance of cleaning agent(s) into the equipment to be cleaned in a controlled and safe manner;

4 © I1SO 2005 — All rights reserved
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c) distribution of cleaning agent(s) within the equipment to be cleaned;

d) maintenance of effective cleaning conditions throughout the equipment to be cleaned, (e.g. delivery
pressure and delivery temperature).

5.3.2.2 Specification of the equipment shall include but not be limited to:

a) physical description of the equipment, together with any necessary ancillary items, including materials of
construction, (including as-built drawings);

b) specifications of the cleaning agent and means by which it is provided, including any additives or
precursors necessary for its delivery;

c) |description of instrumentation for monitoring, controlling and recording the cleaningcprecesss, including
sensor characteristics, and their locations, indicating and recording instruments;

d) |description of safety features, including those for personnel and environmentaliprotection;
e) |description of installation requirements, if applicable;

NOTE This can include, for example, the location and the environment inn-which the equipment is t¢ be installed
and the services that are required for the CIP and for the area in which the CIP system is installed.

f) |documented evidence that the software used to control-and/or monitor the process is prepared in
accordance with a quality system and that the software meets its design intention.

5.3.8 Failure detection

Megns shall be provided to ensure that a failure in_atcontrol function does not lead to any failure n recording
of pfocess parameters such that an ineffective proeess appears effective.

6 |[Cleaning agent characterization

6.1| Selection of cleaning agent(s)

6.1.1 Only cleaning agent(s)/that have been shown to be suitable for their intended purpose shgll be used.
Foriselection of the most_suitable cleaning agent(s) at least the following considerations shall be addressed:

a) |physical and chemical characteristics of residual substances to be removed;
b) |characteristics of potential cleaning agent(s);

c) |compatibility with the manufacturing equipment;

d) |ability to remove residual cleaning agent(s) including a method to detect residual cleaning agent(s).

6.1.2 It may be necessary to remove any remaining residuals of cleaning agent(s) by using secondary
cleaning agent(s), such as purified water or water for injection as appropriate.

NOTE Examples of cleaning agent(s) include water, hot water, detergents, alkaline solution, hot alkaline solution,
organic solvents, or acids.

6.2 Quality of cleaning agent(s)

Quality specifications for the cleaning agents shall be established, justified and documented. In establishing a
specification, at least the following shall be considered:

© 1SO 2005 - All rights reserved 5
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a)
b)
Cc) assura

d)

6.3 Safe

6.3.1
available.

6.3.2 An

7 CIPp

71

711
be cleaned

71.2
documente
determined

Such paranpeters shall include, as appropriate:

a) flowra

produc

f)

)]

agitato
volums

713 A
manufactur

A n atarial cafaty data chaaot ar analaaniic cafaty infarmatinn far tha olaanina aaant(c) chal
Y—Eea—5SHeet+—0—aatfgouS—Satety—H o adei—or—e—6eaHRg—agentS—5t

Proc

The

Pro

type arj
temper

time fg

total tin

identity of the cleaning agent(s);

chemical composition and bioburden;

nce of strength or concentration;

shelf life.

ty and the environment

be

et or—oTTeT rert

pssessment of the potential environmental impact of the cleaning agent(s) shall be available.

rocess

ess parameters

cleaning method shall be determined by considering the construction features of the equipme
and by considering the physical and chemical characteristics of.residual substances.

cess parameters as justified in 5.2, including minimum and maximum limits, shall be defined

. Process parameters shall be adequate to ensure‘¢leaning of equipment to the previo)
acceptable level.

e and pressure;
d concentration of the cleaning agent(s);
ature of cleaning agent(s);

r priming the system, undertaking the CIP process, inactivation/rinsing and draining/drying
contact surfaces;

he of cleaning including rinsing and drying as appropriate;
" motion;
of cleaning agent and rinse water.

vorst-case assessment shall be performed and documented when multiple products

nt to

and
usly

the

are

ove

d ||eing the same nqnipmnnf This assessment is intended to ir'{nnfify the most difficult to rem

residual product as well as the most toxic residues to be removed.

NOTE

alternative to validating each single substance or product.

7.2 Process control

7.21

General

Means of monitoring and controlling the process parameters shall be defined and documented.

Indicator products are frequently used as worst case and the CIP validation can be based on these as an
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7.2.2 Selection of sampling method(s)

The sampling method(s) shall be established with a rationale by considering the construction features of the
equipment, and also by considering the physical and chemical characteristics of the product. Sampling
methods are described in Annex A.

NOTE 1 Usually, a combination of visual inspection, swab method and rinse methods is used.

NOTE 2 Examples for analytical methods to determine the amount of residual substances are HPLC, TLC, TOC, UV
absorption method, pH, ion-strength, conductivity, osmotic pressure, colour, smell and/or visual inspection.

7.2.3 Analytical methods and sample method validation
The| specificity and sensitivity of analytical methods and the recovery using the sampling method shall be

detgrmined and validated. The method shall be valid in the presence of other materials (€.g. cleanjng agents).
Redovery efficiency results for any sampling method shall be factored into the test results.

7.2.4 Acceptance criteria
Accgptance criteria shall be based upon a calculation of theoretical (eaffyover into the next batch. A
docpmented rationale shall be written which specifies the acceptance ériteria for cleaning. Whenr calculating
carrnyover into next batch, potential distribution of residue in total rinse orfirst pass should be consiglered.

NOTE Acceptance criteria can also be based on toxicity, analytiCal“detectability and process capabilify of the CIP
progess.

7.2.6 Visual examination

Visyal examination shall be performed using appreved procedures and trained operators looking for visible
confamination. Procedures shall include requirements for lighting or visual aids.

7.2.6 Chemical examination

A method to determine chemical residuals shall be established. The effectiveness of the CIP pro¢edure shall
be determined.

Chgmical residuals shall be €stablished, either:
a) |directly, by quantifying the amount of residual present on the surface of the equipment or in the rinse, or
b) |indirectly by measuring parameters correlated with the residual, e.g. conductivity or TOC.

Acckptance ¢riteria shall be evaluated against the products and specified in the validation protocol|with proper
justification®Examples for calculation are given in Annex B.

7.2.7 _Microbiological examination

7.2.71 The ability of CIP processes to remove microbial contamination may be included in CIP validation,
using surface swabbing or rinse samples.

7.2.7.2 Acceptance criteria shall be based upon efficacy of any subsequent processing (sterilization).

7.2.7.3 Validation should provide evidence that routine CIP and storage of equipment does not allow
microbial proliferation.

© 1SO 2005 - All rights reserved 7
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7.28 End

7.2.8.1
evaluated a

7.2.8.2
compendial

otoxin

For products with an endotoxin specification, the level of endotoxin on the equipment shal
s part of CIP validation.

| be

For products with an endotoxin specification, the level of endotoxin on the equipment shall meet

requirements.

7.2.9 Particulates

CIP shall remave_all Ihnn‘ir‘lpc and fnrpign matter to Qppr‘ifipd levels consistent with the rpnlnirpmpnfe of the

product inte
NOTE

(sub-visible)
reproducible

7.3 Resi

After the (
Permissiblg

nded to be manufactured in the equipment.

isual inspection is the primary methodology for verifying the absence of bristles, fibres, etc! For sm
contamination, rinse samples can be taken to validate the capability of the process to achieve aeceptable
results.

dues of cleaning agent(s)

levels of residues shall be specified and justified.

8 Validation

8.1 Valic

Written pro
Protocol(s)

equipment
approved p

8.2 Eval

Acceptancg

ation protocol
ocol(s) shall be established, and specify how -qualification and validation are to be condug

shall be reviewed and approved and specify critical steps and acceptance criteria. Qualificatig
design, installation, operation and performance shall be performed in accordance with

hation of the CIP process

criteria for the validation of<CIP shall be established based on the evaluation of cleanliness

ability to remove cleaning agent residue-(see Clause 7).

8.3 Desi

The CIP sy
design of a
the requiren

8.4 Insts

gn qualification
stem shall be~designed for its intended use. Appropriateness of system design, process deg

| facilities, equipment and materials used shall be confirmed at the first stage of validation to n
hent for the)intended use.

llation qualification

rotocol(s). Any deviation(s) from the protocol(s) shall be documented, investigated and resolved.

aller
and

IP process has been completed, any cleaning agent(s) shall be. fremoved from the system.

ted.
n of
the

and

ign,
heet

8.41

General

Installation qualification shall be performed to demonstrate that the equipment used to perform CIP and
deliver the cleaning agent, and the equipment to be subjected to CIP, and any ancillary items have been

supplied an

8.4.2
8.4.21

a)

d installed in accordance with their specifications.

Installation

It shall be verified that

the location of the equipment conforms to its specification,
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b) the equipment is installed in accordance with installation instructions,
c) the services to the equipment conform to their specification(s).

8.4.2.2 The calibration of all measuring instruments critical to the process (including any test instruments)
used for monitoring, controlling, indicating or recording shall be confirmed.

NOTE Alternatively, calibration can be confirmed at the commencement of operational qualification.

8.4.2.3 Computerized control systems and associated software when installed, shall be qualified to
demonstrate conformance to ISO/IEC 90003 or other relevant guidelines for the manufacture of the product.

8.5| Operational qualification

8.5.1 Operational qualification shall demonstrate that the installed equipment is capable of pefforming the
spegified CIP process throughout the equipment within defined parameters.

8.5.2 The operating procedures for the equipment shall be verified to meet established requirements. These
opefating procedures shall include but not be limited to:

a) |step-by-step operating instructions;

b) |the method by which a failure to attain the operating cycle parameters can be identified, and|the actions
to then be taken;

c) |housekeeping, calibration and maintenance instructions;

d) [the means by which an error in the result of a mgasurement for control, indication and recorfling can be
identified;

e) |details of contacts for technical support.

8.5.8 The consequences of failure in.thé result from each measuring instrument fitted to the CIP system
(control, indication and recording) shall be determined at significant parts of the CIP system.

8.6| Performance qualification

8.6.1 Data generated daring installation qualification and operational qualification shall be apprpved before
performance qualification’is started.

8.6.2 A successful CIP run shall be determined by operation within specified operating parameters, and
achlevement ofidefined acceptance criteria determined by visual, swab method and/or rinse methods. Data
shall be collected to demonstrate that the CIP process achieves predetermined residual limits.

8.6.8 ~APerformance qualification shall include a series of at least three consecutive and succegsful runs of
the CHP)process to demonstrate the reproducibility and effectiveness of the process.

If failure can be attributed to factors not relevant to the effectiveness of the CIP process being validated, this
test can be documented as unrelated to performance of the CIP process without requiring three further
consecutive, successful runs.

NOTE Examples of this type of failure include, but are not limited to, power failures, loss of services, or failure of
external monitoring equipment.

8.6.4 Performance qualification studies shall be performed with the cycle parameters set to the least
favourable limit (ensuring "worst-to-clean" conditions and locations yielding acceptable CIP effectiveness).
The outcome of such studies shall predict that, on application of the CIP process, the specified requirements
for cleanliness will be met.
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8.6.5 CIP process qualification shall be performed at the maximum period after use before the equipment is
cleaned.

8.6.6 The number and locations of sampling for confirmation of cleanliness shall be specified. Documented
evidence shall be provided to show that the number and locations used are sufficient to demonstrate that the
requirements for cleanliness in the CIP system are met. Locations sampled shall address worst-to-clean

locations.

8.7 Review and approval of validation

8.71 Information gnfhnrnd or prnr*lnr\nrl r‘lnring dncign q||nlifir‘nfinn7 installation qn:\lifir\nfir\n7 npnraﬁ nal
qualificatior] and performance qualification shall be documented and reviewed for acceptability. The results of
this review ghall be documented.

8.7.2 A gomplete process specification, including the process parameters and their tolerances shall be
confirmed. [This process specification shall also include the criteria for designating an individual CIP progess
as conforming or acceptance criteria.

8.7.3 The validation report(s) shall be generated. The report(s) shall be signed by\persons designated as
responsible| for preparing, reviewing and accepting this(these) report(s) against the-acceptance criteria in the
validation pfotocol(s).

8.7.4 The validation report(s) shall include a verification that all gauges, recorders etc., were wjthin
calibration at the time of the performance qualification.

8.8 Requalification

8.8.1 Requalification of processes carried out with specified equipment shall be performed at defjned
intervals and in response to CIP process failures.

8.8.2 CIH process data shall be reviewed periodieally against specified acceptance criteria in accorddnce
with documented procedures. Records of reviews:-of revalidation data, and corrective actions taken in| the

event that t

8.8.3

9 Routi

9.1 CIP |

Routine m
demonstrat

9.2 Proc

ne specified acceptance criteria are-not'met, shall be retained.

Requalification report(s) shall be_ documented and retained.

he monitoring and control

brocess control

b that thewvalidated and specified CIP process parameters have been delivered to the system.

edures

bnitoring «.and control shall be performed on each CIP process. Data shall be recorded to

Written procedures shall be consistent with those of validation studies. These procedures shall include but not
be limited to:

a)
b)

c)
met;

d)

e)

10

step-by-step operating instructions;

duties and responsibilities;

housekeeping, calibration and maintenance instructions;

detailed description of the CIP process.

acceptance criteria for the operating cycle parameters and actions to be taken if those criteria have not
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CIP process records

9.3.1 CIP process records shall include but not be limited to:

a)
b)
c)

d)

date of operation;
name of process and lot (batch) number that is produced before CIP;
name of operator(s);

CIP process parameters and their confirmation

Read
pos
con

9.3.

9.4

9.4.
equ

for nequalification.

9.4.

qualification, operational qualification or performance qualification is undertaken.

9.4.

qualification that is necessary shall be documented:

9.5

Pre
acc

10

10.1

10.2
Trai

ords can include equipment printout of contact time, temperature, pressure measured at.pre
tions, alarms or other parameters which influence cleaning efficacy, such as(jdentif
Centrations of cleaning agents.

P CIP process records shall be reviewed and accepted prior to the manufacturing of the nexf

Change control
1 Changes to equipment, cleaning agent(s), process parameters or product procesg
pment shall be assessed for their potential impact on the effectiveness of the CIP process a

P The magnitude of the change should be considered:in determining the extent to which

B The outcome of the assessment, including_the rationale for decisions reached, and th

Maintenance and calibration

entive maintenance including calibration of instruments shall be planned, performed and doq
brdance with documented procedures.

Personnel training
Personnel shall-betrained according to established procedures.

A specificitraining programme for personnel shall be established, implemented and d
ning shall-demonstrate the personnel's:

understanding of the theory and operation of CIP process, including construction features;

determined
cation and

batch.

ed on the
nd the need

installation

e extent of

umented in

pcumented.

©Is

understanding of the actions to be taken if the process or any part of the process fails;

understanding of the safety aspects of the cleaning agent(s) and CIP system.
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