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H Preface io the second edition

The preface of the firsl edition of Prarmaceetical Wefsr discusses the numesous serminars,
conferences, and training sessioms eonducted each yeor Lhat specifically discuss water
purificaticn and compendial water svsicms, 1L is interesting o nove how much the world las
changzed in the last 12 years, Perhaps, the Interset explosion with virlual instant access o
raterial coupled with budpet restricion explains the limited number of events with fewer
attendocs. Despite thiv, the relative number of ctalions associnsed with compendial water
systems continues to grow. Perhaps, il Is tine to ga “back to basics,” scknowledging hal
compendial waler systems consist of mulaple unit opsations with denanding design,
instatlalion, operation, validation, and prevenlalive maintsnance requirements. Durther,
unigue fesd water properties for Cifferent systems sigmificantly influence these parameters,
In summary, while soime may imply, there is no standard syslem o “megic bullet.”

Durng preparalion of this second edition, several enhancements were performed. The
ariginal text has been completcly reviewed and editad o incurperate changes i bechoelogy,
feed water quality, and regulalory regumements. Significant expansion and entire’y new
sectiomns have been added discussing the follewing:

Expanded use of chioramines in ravw waler supyplics
Uge of vrune for mecrobial control in Purified Water systems

¢ Duscussion of biofilm theory and operating experience

= Chemical sanitication material selection and exeoution

*  The effects of disinfection byproducls in raw water supplies
®  Reverse cemosis mombrans performance and systom design
. Confinuous eleckroslesiomization enhancsment

# System dormmentabon

E ]

Syetem commissicing

Twelve more vears of experience has provided & significant number of cbsarvations.
Iany of these abservadons have boen incleded as “rase histotiss,” with data irseried into tre
text at several locations. While theery, desigr, operation, validation, and maintenance
considerations are discussed, the second editlon reflects achaal observations and expands on
the “hands-or” presentation philesophy of the original text.

References have been added or updated throughout the text. These should be used by
the reader as an expansion of the material presented in the text. On many occasions, “older”
references are retained. These are like 2 good wine, improving with age, often proving
information of sienificant mportnee,

Knowledge is good. but sharing that Inowledge and experience 13 excellant.



I Preface to the first edition

Each YEAT, T am tortunate cncugh to ]Jl'EEE]'.L several L'.'-.'lr]-ch}'.u! W, BITILCRATS, and courses
associated with pharmaceutical waler systerns, At the bemnmng of mv presentation, mosthy for
sessians lasting longer than a few hours, [ gererally discuss some ground rules. Texplain how T
will do everything possible to avoid spoakisg from the podium. Often, 1 remove the
microphone and simply walk in front of or around the attendees. It is important fo emphasize
thal the material being presented is an attempt to share my persoval expericnce associated
with pharmacestical water svstems onoa daily basis, 1| encourage questions since they
demrorsrate that the attendees have been progerdy stimulated by the subject matter. T have
appreached the preparation of this sext in & manner stmilzs to my approach to workshops,
with the thaught thar it provided me with a forum to discuss topics withoul a lime limin

[ am conztantly amazed by U nomber of presentations offered each year regarding
pharmacentical waler svsterns. T rarely review a brochure for a major conference withoul
noting a session on water svatems, Certzinly, the number of seminars presented for
pharmazeutical water systems over [he past several years is disproportional to the balanes
of technical cmiphasts tor all other systems, components, and fimctons at a facility. It is my
beliet fral this siluation has evolved due to improper “horizontal-vertical” intesralicn of
dizciplines and managemen: with regard (o infarmation associated with pharmaceubeal water
systeme. Horvizontal intogralion is estremely important since it relates to :nterdisciplinary
exchange af infermicion associated not enly with pharmaceutical water systems bul aleo the
regulatory, operating, maintenarce, and similar ssues associated with these svsterns. Srom an
organizalional viewpoind, it is critical that all appropriate discipiines be invalvec in aspects af
the phiarmaceutical water system This role should not be hmited o an engincering department
ar, more specifically, a facilities enginecering depariment. Kegulatory, quality comtral,
a.I‘I.:‘I].}'ﬁi.]L manafacturdne, and other npul i vital o tie socvess of ;']r,—_u_-;ig_—-,, operalion,
validation, and maintevance of any phearmaceutical water system. Of equal mmportance i a
vertical integration of knowledge. Thiz encails a transter of items such as the details associated
with routine operation ol a syslem from aperating personnel, through supervisory personnal.
a1l the way Lo scnior management persunnel. T iz impossible for senior managers to determine
proper system design and related budpets or to address regulatory concerns  withous
“hands-un” kmowledge of delailed syslem operation. When proper horizomtal and vertical
integration are performed, all the necessary toals required to weave inlerdisciplinary input
heaugl-a project is achieved.

In preparing this text, | elected to personally write 271 0f the material myself. This appears
to contradict the weaving conceps indicated above. However, [helieve that the contrary is lrue.
When multiple individuals atterapt to prepare a text addressing all azpects of pharmacentical
water systen's, the lack of proper honzental and vertical infegration becomes very obvious.
Continuzty of the presentalion is affected. This text deals with pharmaceutical water sysiems
vy udidressing the compendial requirements, the nature of raw waler supplies, specification
preparation, and validabon documentation. Oucasionally, it may appesr that certain items are
repeated, 1am QH%I‘CI‘I‘..C].:," sensilive o the fact that an individual focvsang on g varbcular fople
may review a codlain =ection of this text without reviewing ancther section, which mav discuss
relared items in grezter detail To avoid this situation, seme repelition, roupled with a table of
comtents and 3 complete index, ensures that all sspacts assocated with a parhcular topic have
becn reviewed.

Firally, T have atternpted to simolify Lhe somewhal overpowering neturs of enoineering
aspects associated wilth specilic water purification unit eperatdons by presenting a bricf
overview of the theory and application of the technology, a discussion of design
considerations, and a discussion of operating and meintenance considerations that



i PREFACE T6 THE FifisT EOVTION,
incorporstes. extensive field sxperience and “case histories.”” Throughout the endre ol
reguatory and related issues are woven into the presentation. The resulbing lepestry may
oceazanally present opintons. These are clearly designated by indicating thas T am sugpesting,
based on experience associated with cver 100 pharmaceutical anc relatesd water purificalion
systemns, that my opinion -heuld be considered. 1t this generates a difference of opinion, my
olyjeciive has still been met since it has stimulated the reader bo consider a dilferent view of a
prarticular topie.
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I introduction

DEFINITION OF PHARMACEUTICAL WATERS

Water and steam nged in the pharmaceutical industry and related disciplines are
classified by wvarious pharmacopeias The T75 Tharmacapeia (1ISTT classifiey
compendial waters o5 follows:

*  Water for Injechon

Bacteriostatic Water for Injoction

Sterile Water {or Inhalation

Sterile Water for Injection

Sterile Water tor Irrigation

Furitied Wate

Sterile Purified Water

Water [or Hemodialysis

Pure Sieam

Dﬂn]-;ing Water I:ilnclirw'f]:,.'}

With the exception of Drirking Water, USE Purified Water, USP Water for Tnjeaticn,
anit ISP Pore Sceann, the classificadoms listed above refer to “packaged water™ (UST,
WI0a;). Drinking Water, LSF Parified Waler, and USP Waler for Inpction are the
primary waters used for most pharmacentical applications, and are the primary topic
uf this bock, Validation is required for all compendial water systems producing ESP
Purified Water or TSP Water for Injecton, with the exception of Drinking Water
Prinkizg Waler used in o specific application generally requives "comarissioning/
qualificatien” le an “intermal” specification, verifying that the quality of the produc
water, from both o chemical and microbiclogical standpoint, does not vary from
establiched internal specifications with time. This qualification process is oflen used
mel only Lo maintain control of product water but alsn ko documens: the nature of the
system by preparing and execuling documents simular to those used for compendial
water systems. Obviously, the internal specifications established for o Gualified
system may parallel a particular UST offcial monograph specification, such as that
o Purified Waler, Finally, certain applizations may expand the USF requirements
for & marticular .-'Erﬂll'f of water. As an esamplo, many biotechnology water
specitications require “low bacterial endotoxin” Puritied Water, Far such application,
the bictechnology company would vatidate the system as a USP Purified Water
gyetern. and incorporate an internal bacterinl endotoxin specificalien. Chemical,
bacteria, bacterial endotexin, and other parameters associated with each of the
pharmaceutical grades ol walcr idontificd above are addressed individually in this
chapter,

L,IE.-Jr is p!‘cpnvgd and FL.E\ lushed by The Updted Sratas Fha PITIACTpE dal Convenlicn, a
privale arganization, The miazerial within USE is establishad by “Eeper: Commit-
tees,” crcated to the general puklic for comment and review, and revisec affer
acceptance. | he Lxpert Comumittees 2g well as the resaew processey include 118, Faod
and Drug Adminisiration comment, review, and approval. Since mew volumes of
USP are published periodically, it is sugeested (hel reference to USF states the
number of the most tecent addibon and/or mest recenl edilion including all
“Supplements,”

& 4 F B ®# ¥ ¥ ® ¥

DEFINITION OF PHARMACEUTICAL WATERS—EP, JP, BP, elc.

As indicated, water and steam used m the pharmaceutival imndustry and related
disciplines are alse classified by other pharmacopeias, including the Furcpean



PHAAMACELTICAL WETER

Fharmacopeta (ET), Japarese Mharmacopeia (P}, and the Briish Mharmacopeia (BF),
Uwer the past several years, there have been many atteripts 4o “harmeonization”
deseriptions, specifications, and method of production fer campendial warers, While
sygmificant progress has beer achioved, spevific differences of importance will be
addresscd wilhin this chiapter.

CHEMICAL SPECIFICATIONS
Drinking Water

Fromea chermnical 5tantlpm'nt waler clazsited as Drinking Water, for applications such
az some miklal rinsing FPF"H'H"IH and active phnmhu.‘f_".ﬂ'lc{ll ingredient Ll.ﬂnulaL ur-
ing aperatians, must meet the US Dnwironmental Protection Agency’s (TPA)
Mational Pramary Drinking Water R‘E‘E'U]nlll.'ll'l': UNPRWRY, or comparable regulations
of the L'L‘.:ﬂp._ n Unicn, ]—:'II"'r][t anedd Sor World Health I_-F‘!'_‘_j.*:l.l:m;E"ﬁ;,;:»nr a5 J}:lpln:ablE., bor
“Ixinking Water.” This would include but nst be Hmited Lo the [Framieters l:l_l‘l;“_-'..q_—l'l,l‘l:‘d
in Tahle 1.1 for 1S EPA Crinzdng Waler (FPA, 20005 Tt is importank b0 note that the
NIDWR will change with time, incorporating additional parameters ar changing
regulatect item concentrations. It should be empiasized thal sll validated TISE
systemns, as well as svslems using Drinking Water, show'd have acress to correspen-
dence wdentifying changes 1o these regulations

As disousaed forther inee bbequc‘r chapters of this boaok, it is highly recansmended
that 51.1'|:‘IF1|'£1'|'I.E'I1.{31 Fli‘b.’l]".r 5is tor DI]I’I.kII'IF Woaler, includ |1|._] fasdwater b0 a USH
Furified Watcr or LSP Waler for Injection system, ba considered. The nature and byps
ol analyses are dickated by the intended use of the Drindd mg, Waler, For examnle, if
grovndveater is used for an mitial msing sten during applications suzh as “clean-in-
place” (L) o1 e production of an active pharmaceatical imgredient, il may ha
dpproprigte m freat the water through a partculaie removal filter and for water
softening system, If water solleniog is used, the presences of high molecular weight
mulbvalent cabions, sauch as Lariom, strontiom, and aluminum, 10 the leedwater
should be idenbifed, As disonssed in -,'.‘,hﬂpicr 3, these cormpounds will afect the
Standard Operating Mrocedures (SOs), specifically the regereration salt dosing and
concentration, during regeneration of the water softening system. Mullivalent
Cilivass, such as caleium and magnestum, are pat included in ihe NFDWR, ot affect
the performance of the sysiom.

Cither spzeific camponents are critical to different seater purification unit operations:
Another exam ple is the level of naturally cocomng organic material (NOM) ira
surface veater supply w a USP Purilled Water ‘-yﬂ.l_tll. Both anian resin and reverss
azmesis [RO) membranes will fou] with organic material. The level of the NOM in
teadwaler will noc anly dictate the nature of pretreatment equipment bui alsg
ewtablish an a“l"il"ﬁﬂﬁl Ul‘lftt':l'inE FI'\'IE,I':‘Im clean |:,. dirri rr1--|+r¢11'i|:|j._r thet the selocted
pretreatment ::pr::.l]r-nn: ‘profect” the anion resin within the ion exchange system o
RO membrunes from fiarling.

Purified Water

Chernical specifications for UST Penfied Watker are outlined in the CHicial Mavigrigh
by WEEIE‘TCWE Pingical Lests cha"'-t"t' for e JLII'-IH- and fotal i.:l'.‘r-.dn_c carkoh
(TOC) Physicsl Tesis Sevlion <043 provides the TOC a|.e~."lﬁ|.ah'-r| capability of the
TOC analyzer, "system suitability'” requirements, and calibration roquirements, The
sectivm does wo! set forth requircments [or o uiull_ measurement versus “arah”
sampling and laberatory analysis, Further, the section does rot state the frequency of
analysis, The TOC Lt for USP Purified Waser is (L50 mig /L. Uhe specitication agress
with the carrent BR ﬂp:_\u:j['i:al:iﬂn,

USF Faysical Teste bechion <6455 aullines the speaification for conduchivity, methed
of delerminalion, instrument {meter and probe), calibration requirermenis, el This
section ontiines a threz-stage test method thal compensates i the presence of carbon
diowide and pIT The most restrictive specification, “Skare 1,7 18 1 3uS om at 23°C ar
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