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Abstract

The key feature of the validation is to illustrdbat a validated process, when operated withinbésked range
forms consistently a quality product of specifiagality with highest degree of assurance. In theftag years, there
has been an intensive focus on validation methajkedoin the pharmaceutical industry. Its real intpoce within a
productive process is recognized in relation teapct's quality attributes such as purity, safetyl effectiveness.
This article is intended to discuss the effectigsneconsistency and reproducibility of a water tireat system
along with its validation aspects. This articlarsattempt to discuss the various aspects of vaidalong with its
approaches
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Introduction

Wate_r is essentlal_ for mdustrlal,_ pharmaceuticadl a evidence that provides a high degree of assurématat
hospital purposes, in the preparation and pre war ati

medicines and other health products and also forspecn‘lc process will consistently produce a praduc

cleaning and hygiene purposes. Ideally there ipure which meets its pre-determined specifications and

water in nature, as it can contain up to 90 possibl quqlity _attributes. A prop_erly dgsigned watey
unacceptable ;:ontaminants. Every industrial or purification system will provide a high degree of

; _~— -1 1 assurance that every single step, process, andyehan
pharmaceutical organization which is related tolthea o i
) . . has been properly checked before its implementation
products must rely on appropriate water purifigatio e T 1
1 : 3 ; occurs. Validation of water purification systems is
systems, thus allowing it to meet its particular ; } ' i
; ; . mandatory to obtain water with all the desired tyal
requirements, especially as to that of problemschvhi . : ;
; S characteristics [4]. Pharmaceutical water productio
are related to storage and internal distributicurifiéd storace andiilbvevance svstem should P8 valliated
water is obtained from drinking water through aidgp 9 y y

. i ; . because end-product testing alone is not a suificie
water purification system of unit operations [1]isl an . , X .
X ] ¥ y . evidence to confirm with a high degree of assurance
essential ingredient of various pharmaceutical

preparations and thus is also used to clean variou%hat the SyETcLaPoraics asiit is required 1ggfidrso

! : —order to cater for the ever escalating quality seefl
process equipment and hence, plays a viatl role in

- G 1 the pharmaceutical industry, water treatment system
pharmaguitical SEIOCASsING'S TEEEI SIS which are highly dynamic in nature, must be vakdat

Pharmacopoeia (USP) describes several gradessof thi 3 4 ) .
il : .. closely monitored and controlled. This article is

raw material (i.e., water), based on various qualit . ’ 3 ;
intended to discuss he effectiveness, consistendy a

parameters such as conductivity, total organic aarb Lo .
(TOC), microbiological values, and presence of reprodu0|_b|l|ty of'a water treatment system alonthw
' ’ its validation aspects.

contaminants including endotoxins, nitrates andvpea L :
' . ! Validation requirements
metals. Water testing must be continuous processtan .
1. To reduce the batch variation

should comply with well defined quality attribute. 2. To obtain a good, efficient & pure product ogihi

Basically Validation means establishing documented

* Corresponding Author strength.
Email: sumeet6882@gmail.com Validation
Telephone: +91-9893356026 Validation generally involves and is associatedhwit

quality assurance associated with a particular yobd
or process intended .These is designed in suchya wa
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that the process ensures total quality of the prbdu
last. To establish this objective there is a need f
comprehensive documentation with all
information, guidelines and proof.
Validation can be categorized as:

Therefore

Prospective
Validation

Validation

Concurrent
Validation

Retrospective
Validation

Fig. 1: Types of Validation

Prospective validation

Prospective validation is carried out before a new
product is released for distribution or, wherever t
revisions may affect the product's characteridiefore

a product made under a revised manufacturing psoces
is released for distribution.

Concurrent validation

Concurrent validation is a substantial part of
prospective validation and is carried out with the
purpose of ultimately distributing product which is
manufactured during the period of validation study.
Concurrent validation is feasible when nondestuacti
testing is sufficient to verify that products meet
predetermined specifications and quality attributés
concurrent validation is being conducted as thgaini
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before revalidation of the process is carried out
completed.

necessaryRetrospective validation

It involves the validation of a process which iséd

on gathered historical data of production, testing,
control, and other information for a product whiish
already in a state production and distribution sTiigpe

of validation uses of collected data and inforoati
which may be found in batch records, production log
books, lot records, control charts, test and intpec
results, customer complaints or lack of complaints,
field failure reports, service reports, and audiparts.
Historical data must contain enough information to
provide an in-depth picture of how the process has
been operating and whether the product has
consistently met its specifications. Retrospective
validation may not be feasible if all the approfpia
data was not collected, or appropriate data was not
collected in a manner which allows adequate armlysi
Design

A design consideration generally includes general
information regarding various parts of water
purification systems. The systems should be
constructed using modular, off-the-shelf purifioati
components for a cost effective and maximum
validation efficiency, which ultimately correlategth
pharmacopoeial requirements [4]. These considerstio
should be designed properly so as to prevent mirob
growth and also materials for construction shoutd b
selected carefully. The various parts of water
purification systems which should be validated $thou
include the following components:

Piping

Generally stainless steel is the choice for thengip
system in water purification system. Stainless|stee
used due to its noncorrosive characteristic. It a0

be deployed over a wide range of temperaturesti®las
piping systems such as polypropylene and
polyvinylidene fluoride are frequently used now slay
especially in certain biotechnological based
applications. Glass or polycarbonate resins are/ ver

validation of a new process or a process which hashandy when transparency is required. All pipe mint
been modified, product should be removed from should either utilize Sanitary flttlngs or it shdube

distribution until all data and results of the daliion

butt-welded. Piping systems should comply with

study have been reviewed properly, and thus it hasdrequent sanitization, thermal cycling and must be

been confirmed that the process has been suffigient
validated. Concurrent validation may be carried @ut

specified for easy draining of water. They shouéd b
designed for reliability, pressure control, andidaace

a previously validated process to confirm that the Of extractable contaminants which may affect puoity
process is validated or not. If there have been nowater [8-10].

changes to the process and no indications that thélolding tanks _ _
process is not operating in a state of ControL theGenera”y stainless steel is the best choice fertémk

product could be released for distribution in tharket

required to hold water in water purification system
Storage tanks may vary in size, depending on
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tanks are commonly used. Suitable insulation
required to store the water at high temperaturechwhi
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Butter fly valve

is A butterfly valve is avalve which can be used for

isolating or regulating flow. The closing mechanism

conserves energy as well. Storage tanks should btakes the form of a disk. Operation is similarhattof
provided with a vent to manage the fluctuations in a ball valve, which allows for quick shut off. Bertly
water levels, and thus prevent any possibility of valves are generally favored because these ar@ehea

collapse. Vents should be fitted with a hydrophadiic
filter to prevent microbial contamination from oides
air. Vent filter must be located in a position dret
holding tank from where it is readily accessibld,[1
12].

Valves

Valves are used to control the flow of water in the
water purification system. Various types of valtieat
are used are as follows:

Gate valves

Gate valves are the most consistently used insiniddi
piping for purification of water. That's because sino
valves are required to act as stop valves whidmeeit
works as fully shut off or fully turn on flow. This

in cost to other valve designs as well as beingtdigin
weight, meaning less support is required. The disc
positioned in the center of the pipe, passing thhathe
disc is a rod connected to an actuator on the dritsi
the valve. Rotating the actuator turns the disteeit
parallel or perpendicular to the flow. Unlike a Ibal
valve, the disc is always present within the flow;
therefore a pressure drop is always induced irldive
regardless of valve position. A butterfly valvefism a
family of valves called quarter-turn valves. The
butterfly valve is a metal disc mounted on a Mhen
the valve is closed, the disc is turned so that it
completely blocks off the passageway. When theevalv
is fully open, the disc is rotated a quarter turttgat it

only the reason why gate valves are recommendecallows an almost unrestricted passage of the flligk

Gate valves are employed when a straight-line fbdw
fluid and minimum restriction is required. The gége
wedge shaped. When the valve is wide open, theigate
fully drawn up into the valve, leaving an openimg f

valve may also be opened incrementally

to throttle flow
Diaphagram valve
Diaphragm valves are used on shut-off and thrggtlin

flow through the valve the same size as the pipe irservice for liquids, slurries and gas. The seal is

which the valve is installed. Therefore, thereiitdel
pressure drop or flow restriction through the valve
Ball valve

A ball valve is a valve with a spherical disc, that of

achieved by a flexible membrane which is usually a
elastomer, and possibly attached with a metal péue.
membrane is fitted by the effect of a stem or
compressor with lineal movement until contact iddma

the valve which controls the flow .The sphere has aagainst the seal of the body. The operating pdrtieo

hole, or port, through the middle so that whenpgh#
is in line with both ends of the valve, flow wilcour.
When the valve is closed, the hole is perpendicidar
the ends of the valve, and thus flow is blockede Th
handle or lever is in line with the port positiatting
to see the valve's position. The ball valve isrgagral
part of the family of quarter turn valves. Ball vas$ are
very durable and generally perform to achieve perfe

diaphragm valve are protected from the flow. This
property makes this valve suitable for various eisc
liquid and also hazardous, abrasive and corrosiwesf
as it's due to inherent property of its sealingteys
which avoids any cross contamination. Diaphragm
valves are available in a wide variety of metatdids
plastics, plastic, rubber and glass linings. Theyveell
equipped to the handling of multiple chemical

shutoff even after years of its disuse. They areapplications both clear fluids as well as the ghgr

therefore an excellent choice for shutoff apploasi
These valves do not offer the fine control that rbay
necessary in throttling applications but are somesi

The diaphragm valve has an extended use for
applications at low pressures and slurry fluid wher
most other kinds of valves corrode or become

used for this purpose only. Ball valves are usedobstructed. It is a quick opening valve. There tare

extensively in industrial applications because they
very versatile, supporting pressures up to 1008 aad

types of diaphragm valves:
» Weir: The Weir Diaphragm valve can be used for

temperatures up to 482°F (250°C). Sizes typically either off/on or throttling services

range from 0.2 to 11.81 inches (0.5 cm to 30 crhiyT
are easy to repair and operate. The body of balesa
may be made of metal, plasticor metal with
a ceramic center. The ball is often chrome pladed t
make it more durable

* Straightway: named also straight-Thru is only used
for on/off services

Filters

Filters are used at employed at various sites démwa
purification systems for the purpose of removing of
undissolved solids and bacterial contaminants.
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Granular or cartridge filters are used preferablydre- yeast, and oocysts like cryptosporidium and giardia
filtration. Filters which are used commonly used UV light generally has no impact on chlorine, heavy
downstream from carbon beds should have 11 150 metals, and other chemical contaminants. UV water
pore size while membrane filters which are used totreatment offers many advantages over other forins o
remove bacteria should have a pore size of 0.2 water treatment for microbiological contaminants.
Various control measures for the filter includes Most importantly, it does not introduce any chersica
pressure and low flow monitoring, back washing and to the water, it produces no bi-products, and ésnot
replacing filter media. For consistently maintampitme alter the taste, pH, or other properties of theewat
efficiency of water treatment systems and avoiding Accordingly, in addition to producing safe drinking
sort of endotoxins contamination or bacterial gtowt water, it is not harmful to your plumbing and septi
filters must be maintained regularly. [9]. system. Further, it is easy and cost-effectivensiaill
Deionizers and maintain without any special training

Deionization is a method often used by various Ozone

laboratories to produce purified water on-demand an Ozone is a very strong oxidizing agent with powerfu
is able to purify water to a maximum resistivity 8.2 disinfecting properties and can be easily removerthf
megohm/cm at 25 °c. A deionization assembly usuallywater by exposure to UV light. It is an effective
consists of one to four cylindrical cartridges hedkup bactericidal, veridical, fungicidal as well as dSpmtal

for plumbing and hanging on a wall near a sink. il&/h  agent in water treatment systems. It directly &gdbe

it doesn't produce absolutely pure water, it is outer surfaces of microorganism and destroys ttedir
convenient and quick, and may be sufficient for ynan walls and membranes. In contrast to other oxidants
applications. It is an excellent system for remgvi disinfectants, the use of ozone results in far felric
dissolved solids and gases, although it shows verydisinfection byproducts. Its production rate can be
ofently poor rating for other impurities. controlled by process parameters in order to avoid
It mechanism works by exchanging hydrogen ions forincorrect dosing and to ensure optimized efficiency
cationic and hydroxyl ions for anionic contaminaims  More commonly, heat is also used to control micabbi
the feed water. The deionization resins are tinygrowth in water treatment systems. While circulgtin
spherical plastic beads through which the feed miate = through distribution loops, treated water is heate80
passed. After a while the when all the impurities °C in the storage tanks.

replaces all of the hydrogen and hydroxyl groupthen =~ Equipment validation

resin, and thus it has to be replaced or regerterate Validation of water treatment systems follows thens
Reverse osmosis (RO Units) protocol as does the validation of other pharmacaiut
Reverse osmosis system includes an additionalmanufacturing equipment. It is necessary that the
integrated pretreatment cartridge pack with actigat system should be checked regularly and certified as
carbon, a 0 prefilter, and a calcium hardness properly installed, equipped and properly functiani
sequestering compound. Sequestering agent is & soli as per its desigh™ . Equipment validation has the
long chain polyphosphate that weakly binds calcium following steps: The typical three-stage qualifioat
ions and minimizes calcium carbonate precipitation. protocol is followed, starting with the Instaltat
Combination of pretreatment protects the RO Qualification (1Q), Operational Qualification (OQ),
membrane from damage due to fouling from Performance Qualification (PQ).

particulates, chlorine oxidation and formation of Installation qualification

mineral scale on membrane surface. Periodic chémicaThe 1Q step consists of calibrating the instrument,
sanitization treatments should be carried out on ROinspections to confirm that the drawings accurately
units so as to keep a control on bacterial growtH 1]. confirms the as-built configuration of the watestgm,
Ultra Violet light and where necessary, special tests are performed to
Ultraviolet water purification lamps produce UV-€ o verify that the installation meets the design
"germicidal UV," a radiation of much greater intéms  requirements [4] . The vendor-provides 1Q protocol
than normal sunlight. All of UV lamp's output is package for each of the individual primary compdsen
concentrated in the 254 nanometers (nm) region inwhich were used to provide verification of the
order to take full advantage of the germicidal hydraulic and various electrical connections ad asl
properties of this wavelength. Most ultraviolet the system drawings. An internal generated 1Q palto
purification systems are combined with various ferm collected the details of all reference documentatio
of filtration, as UV light is capable of kiling instrument and utilities verifications, spare parts
microorganisms such as bacteria, viruses, moldseal verification, and drawing verification for the eamti
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system. For an effective 1Q of water treatmenteayst management and it is necessary for process

the following key elements should be taken into optimization, safety, efficacy and assurance ofliua

consideration: [11] Such validation protocols also fulfill regulatory

. Utilities requiring verifications includes requirements and provide good business sense.
electricity, compressed air, steam and feed water. Successful accomplishment of validation is ensimed
Each should be checked properly at the time of  various testing phases. Usually, a three-phasingest
installation of equipment for water purification approach is recommended over an extended period to
systems. prove reliability and robustness of the system for

«  Calibration of all process controlling instruments  producing water of specified quality with a highgdee
according to written procedures and certification ~of assurance.
that they meet the specified tolerance limits for ~ References

accuracy, precision, and also in terms of 1. http://www.sabesp.com.br
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« Verify documentation on system design qualifying purified water systems.
specifications including materials data and PharmTechnol Europe2007;
calibration certificates. 19(12).http://mww.ptemag.com/pharmtecheur
Operational qualification (OQ) ope/Validation/ArticleStndard/Article/detail/4
OQ protocol was used to test the primary components 80191.
to prove that they were operating according to the 3. The United States Pharmacopoeia, USP
design specifications. “A validation master plam & XXI/The National Formulary, NF XVII,
water system typically includes an OQ stage cangjst 1990, United States Pharmacopoeial
of tests and inspections to verify that the equiptne Convention,  12601Twinbrook  Parkway,
system alerts, and controls are operating reliablyds Rockville
included testing of the equipment's controls and 4. PMA Deionized Water Committee, Validation
operation with both liquid path hydraulic and eteaic and control concepts for water treatment
tests. Specific testing of the system operatingsieas systems. Pharm Technol 1985; 9(11):50-56
performed by challenges the system by exceeding the 5. The United States Pharmacopoeia, USP
system limits using a calibrated instrument frore th XXII/The National Formulary, NF XVII,
manufacturer. The internally generated OQ protocol 1990, UnitedStates Pharmacopeial
covered the overall system OQ, which verified syste Convention,  12601Twinbrook - Parkway,
operation including the distribution loop (point w$e Rockville.
pressures, temperatures, and flow rates), watéersys 6. Food and Drug Administration, Guideline on
generation, storage system operation, and aladrbg. [ generalprinciples of process validation. FDA,
Performance gualification (PQ) Rockville, MD 1984.
The Performance Qualification (PQ) was to 7. Nash RA. Validation of pharmaceutical
demonstrate that the system produced and maintained processes.In:  Swarbrick J, Boylan JC
re-circulating water that meets the compendial (Eds).Encyclopedia of Pharmaceutical
requirements of USP purified water over a suitable Technology. 2nd ed. New York: Marcel
time period. The qualification period was chosen to Dekker, 2002; pp 2917-2931.
strike a balance between time and testing burden, t 8. Pahwa R, Khatri S, Rathour Agtal.
need to demonstrate a robust system (reliabilisg), Validation of moist heat sterilization cycles. J
well as the knowledge that the system was intended Sci Pharm 2004; 5(4):125-130.
and would continue to be monitored after completion 9. Tunner J, Katsoulis G, Denoncourt &, al.
of the qualification testing. After considering siee Design, qualification and performance of
requirements, a ten-week qualification period was acost-effective water purification system for a
approved. GMP pilot plant. Pharm Engg 2006; 26(4):1-
Conclusion 8

10. Sixsmith T, Jackson J. How piping materials
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59.

Water treatment systems must be operated within
regulatory guidelines as with pharmaceutical
production facilities. To validate these systentgrée
must be documented evidence that the system is
operating consistently and according to the desired
specifications. Validation is a tool for total qimal
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