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Many of these lab water purification systems must be operated within the same
regulatory guidelines as pharmaceutical production facilities. Validation of the water
system itself and the quality of the water produced by the system are necessary in
many cases. To validate the equipment, there must be documented evidence that the
equipment is operating consistently and according to system specifications. Even in
applications, such as basic research, which do not require rigorous validation, proper
commissioning of the equipment is needed to ensure that the process operates prop-
erly and the water produced meets quality requirements.

Let’s say you are starting up a POU water system in a research lab, and are going
to use the system to provide USP Purified Water and high-purity water for high-per-
formance liquid chromatography (HPLC) testing. It is important to document the
performance of the water system to prove that it does in fact meet purified water
quality requirements.

The system should include a validation support manual (VSM) with qualifica-
tion protocols for testing, maintaining, servicing, and calibrating the equipment, per
manufacturer’s instructions, to ensure that the system operates as specified. The
manual allows a smooth progression through the validation process and should
include installation qualification (IQ) and operation qualification (OQ), and recom-
mendations for ongoing performance qualification (PQ). The IQ, OQ, and PQ doc-
uments are supported with a qualification plan, certificates of calibration, and
certificates of conformity to support the validation process. The manual incorporates
guidelines from the various regimes and protocols spelled out by the regulatory au-
thorities and the industry bodies:

+ USP, EP, JP: The water standards in the U.S. Pharmacopoeia;

+ Current Good Manufacturing Practices (cGMPs);

+ FDA Code of Federal Regulations 21 CFR 210 and 21 CFR 211;

+ The rules governing medicinal products in the European Union Volume 4;
+ ISPE Baseline Guide on water and steam;

+ Current Good Laboratory Practices (cGLPs);

+1SO9001 Quality Management System approval by LRQA.

These standards are typically reviewed by the water treatment system manufac-
turing company when designing systems for the pharmaceutical industry. Water system
manufacturers may also be regularly audited by leading pharmaceutical companies
and consultants for compliance with ISO 9001 and c¢GLPs.

The system should also include certifi-
cates of conformity and certificates of cal-
ibration from the system manufacturer.
Generated during the manufacturing and
QC processes, these signed certificates pro-
vide documented evidence that the system
was manufactured according to the speci-
fications contained in the system master file,
and that it has been shown to perform as
originally intended. Certificates of compli-
ance should also be included, as these show
that the system passed the testing required
to achieve certification such as CE certifi-
cation and ETL certification, required in
North America.

Before using your system for the first
time, refer to the checklist in the validation
support manual as you inspect the system
to make sure everything you ordered is
there. Laboratory personnel may choose to
hire the water treatment equipment sup-
plier to commission the water system and
then train the on-site maintenance per-
sonnel in the ongoing operation and main-
tenance of the system to comply with the
training requirements of cGLPs.

An Example of One

Manufacturer’s VSM

One lab water treatment system supplier

provides a VSM that includes 11 sections,

which are:

+ Model identification and brochure, which
verifies the identification of the product
being validated and that the techni-
cian/engineer is fully trained in validation
and knows what tools will be required to
successfully complete a validation quali-
fication;

* Qualification plan (QP), which explains
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the validation approach, procedures and
results;
Installation qualification (IQ) that pro-
vides documented evidence to demon-
strate that all key aspects of the lab water
system adhere to the installation, design
intentions and specifications;
+ Commissioning procedure (CP), which
manages the start-up approach and
hand-over of the lab water system to the
client, resulting in a safe and functional
system that meets established design
requirements;
Operational qualification (OQ), which
provides documented evidence to
demonstrate that all key aspects of the
lab water system adhere to the design in-
tentions and specifications;
Deviation control procedure, including
forms and index, which defines the
method to be used to document any de-
viations that occur during the execution
of the lab water system validation;
Drawing and schedules, which contain
all the required drawings and schedules
to support the validation of the lab water
system;
* Operators’ manual and a glossary of
terms;
+ Consumables and accessories; lists ac-

cessories and required consumables, and
the maximum service and shelf life;

+ Certification containing all required cer-
tificates to support the validation of the
lab water system;

+ Additional qualification documents, if
required, are used for all additional in-
formation.

Installation Qualification

There are a number of steps a lab must go
through during the installation qualifica-
tion. Lab personnel can use the VSM as a
guide. If the VSM contains the appropriate
forms to fill out and sign, this will help en-
sure that all steps have been completed.
The first step is to review protocol and then
sign the pre-approval form before starting
the work outlined in the IQ document. The
test equipment/instrument calibration can
now begin.

Test results should be recorded directly
onto the test results sheet or on labeled
printouts. All raw data, printouts, addi-
tional sheets, and so on that need to be
added to the protocol should be numbered,
cross-referenced to the appropriate test, re-
tained with the protocol, initialed, and
dated. The test documentation should be
retained. All deviations should be recorded
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and be traceable throughout correction
and retest into final closure. Those per-
forming the tests must complete the signa-
ture page. The executor will record the
overall result of the test, which must be
pass or fail. If a failure is recorded, a ref-
erence to a deviation must be recorded in
the comments section.

The objective of the test equip-
ment/instrument calibration during the IQ
is to ensure that test equipment or instru-
mentation used for IQ execution has a cur-
rent calibration certificate that can be
traced to a national standard. The steps
are: identify all instruments that will be
used during the 1Q; complete the table in
the VSM for each instrument; and attach
a copy of the calibration certificate to the
certificate section of the VSM.

Acceptance criteria are as follows:

+ Instrument should have a calibration cer-
tificate that is traceable to a national
standard;

* The instrument should be calibrated
across the range used for testing; the cer-
tificate should be in date;

*A copy of the calibration certificate
should be attached to the certification sec-
tion of the VSM.

Once the test equipment/instrument
calibration qualification is com-
plete, the documentation verifi-
cation must be executed to verify
that all system documentation is
available and referenced. Docu-
mentissues and locations should
be recorded in a table, which is
then signed and dated.

Next, the water purification
system must be identified by the
system description and serial
number, and recorded on a form
that is signed and dated.

Visual inspection of the
system is carried out and veri-
fied to ensure that the unit is
free from visible damage, trans-
portation packing, and con-
struction debris, and that all
required parts and consumable
items listed in the installation kit
in the operators’ manual are cor-
rect and have been supplied.
This is also entered on a form,
which is signed and dated.



Feed water (potable tap water) would enter the system inlet and
would be pumped to the cartridges in series, where the water would
be purified in each stage of the unit. Sensors located after the
cartridges would monitor the outlet water quality and the temperature.
A recirculation loop would intermittently re-circulate the water,
ensuring high purity. The water might pass through an optional

POU final filter before exiting the system for use in lab applications.

A typical POU lab water purification
system might include pretreatment com-
ponents, such as a pre-filter, followed by
the primary purification components, such
as a reverse osmosis (RO) cartridge, fol-
lowed by an ultraviolet (UV) lamp and pol-
ishing filtration, such as deionization and
ultrafiltration (UF). Feed water (potable
tap water) would enter the system inlet and
would be pumped to the cartridges in se-
ries, where the water would be purified in
each stage of the unit. Sensors located after
the cartridges would monitor the outlet
water quality and the temperature. A re-
circulation loop would intermittently re-
circulate the water, ensuring high purity.
The water might pass through an optional
POU final filter before exiting the system
for use in lab applications.

The system may also include a saniti-
zation feature to minimize bacterial
growth. A system control panel displays
the results of the system water quality mon-
itoring feature.

Once the system is inspected to make
sureall components are there and that they
are free from damage, a utility verification
is performed. This verifies that the feed
water to the system is suitable. A feed
water analysis should be conducted if it
was not done before the system was pur-
chased. The feed water quality should be
recorded (total hardness, total chlorine,
and fouling index), and the power supply
to the system should be verified with a volt-
meter. The feed water temperature, flow,
and pressure must be within specification.
This should also be verified and recorded.
Drains must be available and able to handle
the maximum drain flow.

Installation verification should be
done next to verify that the system layout
is correct, per the general assembly system
drawing, and that there is adequate access
for operation and maintenance. If the

water purification system will be main-
tained by the vendor via a service contract,
this must be documented as well.

Operation Qualification

The operational qualification should pro-
vide evidence that the equipment operates
as designed in all operational modes, in-
cluding sanitization. This can be tested and
documented by lab personnel or a quali-
fied maintenance person.

Performance Qualification

The performance qualification documents
that the product water quality continues to
meet the required specification. Tests must
be performed during system start-up and
on a regular basis thereafter, to ensure con-
sistent water quality.

Importance of Maintenance

To make sure the water purification system
continues to operate as specified and pro-
duces the required water quality, it is im-
portant to follow a maintenance schedule.
Maintenance includes changing of con-
sumables such as filters, regular sanitiza-
tion, and recalibrating the system water
quality sensors according to national ref-
erence standards.

Water System Design for Ease of
Validation
Lab water purification systems generally
have features built in that make them easy
to validate and that comply with good
laboratory practice (GLP). These features
may include a data tag on the purification
pack, automatic calibration of electronics,
printout of system operating parameters,
real time clock, and a PIN access code
(password).

An encrypted data tag on the purifica-
tion pack contains information about the
pack manufacturing, traceability of the

media and media usage history.
When the pack is installed in
the lab water system, the elec-
tronic circuitry recognizes the
pack and generates an error
message on the system control
panel if the pack is not the cor-
rect one for the application or
if it is incorrectly installed, out
of date, or used previously.

The water purification system aids in
automatic calibration of electronics with a
microprocessor management system that
scans the water quality monitoring cir-
cuitry and compares it with two traceable
resistor standards at each end of the mon-
itoring range. It then indicates whether the
electronics are out of calibration.

To help in validation and system oper-
ation and maintenance, a printout of system
operating parameters, including the date
and time, is available if an accessory printer
is installed. A real time clock with battery
backup allows the date and time to be
printed out with other data as part of the
system validation protocol. A password,
when selected, enables only authorized per-
sonnel to change the allowed parameters
and alarm set points. This helps ensure that
the unit is operated in accordance with the
user requirement specification.

Conclusion

Many lab water purification systems must
be operated within the same regulatory
guidelines as pharmaceutical production
facilities. Validation of the water system
itself and the quality of the water pro-
duced is necessary in many cases. To val-
idate the equipment, there must be
documented evidence that the equipment
is operating consistently and according to
system specifications. Various qualification
protocols outline the procedures for testing,
maintaining, servicing and calibrating the
equipment, as set forth by the manufacturer,
to ensure that the system continues to op-
erate as specified. Systems may include a
validation support manual and/or design
features that make validation that much
easier for the user. m
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