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Good manufacturing practices:  45 

water for pharmaceutical use 46 

 47 

Background  48 

 49 

Water quality, including microbiological and chemical quality, throughout production, storage and 50 

distribution processes, should be controlled.  Unlike other product and process ingredients, water is 51 

usually drawn from an on-demand system and is not subject to testing and batch or lot release prior 52 

to use.  The assurance of water quality to meet the on-demand expectation is, therefore, essential. 53 

 54 

In recent years, following extensive consultations with stakeholders, several pharmacopoeias have 55 

adopted revised monographs on water for injection (WFI) that allow for production by non-distillation 56 

technologies.  In 2017, the World Health Organization (WHO) Expert Committee on Specifications for 57 

Pharmaceutical Preparations (ECSPP) recommended that the WHO Secretariat collect feedback on 58 

whether or not they should revise the WHO specifications and good manufacturing practices (GMP) 59 

on WFI, and how to do so.  Following discussions during several consultations, the ECSPP agreed that 60 

the monograph in The International Pharmacopoeia (Water for injections) and the guideline WHO 61 

Good manufacturing practices: water for pharmaceutical use  (1), should both be revised to allow for 62 

technologies other than distillation for the production of WFI.  In early 2019, the WHO Secretariat 63 

commissioned the preparation of a draft guidance text for the production of WFI by means other than 64 

distillation.  Following several public consultations, the text was presented to the Fifty-fourth ECSPP.  65 

The Expert Committee adopted the Production of water for injection by means other than distillation 66 

guideline and recommended that it should also be integrated into WHO’s existing guideline on Good 67 

manufacturing practices: water for pharmaceutical use.  68 

 69 

This current document is a revision of WHO Good manufacturing practices: water for pharmaceutical 70 

use, previously published in the WHO Technical Report Series, No. 970, Annex 2, 2011. 71 

 72 

1. Introduction 73 

2. Background to water requirements and uses 74 

3. General principles for pharmaceutical water systems 75 
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1. Introduction and scope 96 

 97 

1.1 This document concerns water for pharmaceutical use (WPU) produced, stored and 98 

distributed in bulk form.  It provides information on different specifications for WPU; good 99 

practices for quality management of water systems; water treatment (production) systems; 100 

water storage and distribution systems; commissioning, qualification and validation; sampling 101 

and testing; and the routine monitoring of water. 102 

 103 

1.2 The focus of this document is on the treatment, storage and distribution of treated water used 104 

in pharmaceutical applications.  It excludes the production, storage and usage of water in 105 

quality control laboratories. 106 

 107 

1.3 This document does not cover water for administration to patients in the formulated state or 108 

the use of small quantities of water in pharmacies to compound individually prescribed 109 

medicines. 110 

 111 

1.4 The document can be used in whole or in part, as appropriate, to the section and application 112 

under consideration. 113 

 114 

1.5 In addition to this document, the “Further reading” section at the end of this document 115 

includes some relevant publications that can serve as additional background material when 116 

planning, installing and operating systems intended to provide WPU. 117 

 118 

1.6 This document is supplementary to the World Health Organization (WHO) Good 119 

manufacturing practices for active pharmaceutical ingredients (2), and the WHO Good 120 

manufacturing practices for pharmaceutical products: main principles (3).  121 

 122 

2. Background to water requirements and uses 123 

 124 

2.1 Water is a widely used substance in the pharmaceutical industry and other establishments 125 

involved in manufacturing pharmaceutical products.  It is extensively used as a raw material 126 

or starting material in the production, processing and formulation of active pharmaceutical 127 
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ingredients (APIs), intermediates and finished pharmaceutical products (FPP), in the 128 

preparation of solvents and reagents, and for cleaning (e.g. washing and rinsing).  Water has 129 

unique chemical properties due to its polarity and hydrogen bonds.  These include a relatively 130 

high boiling point, high specific heat, cohesion, adhesion and density.  These include 131 

contaminants that may represent hazards in themselves or that may be able to react with 132 

intended product substances, resulting in hazards to health.  Water should therefore meet 133 

the required quality standards to mitigate these risks. 134 

 135 

2.2 The microbiological and chemical quality of water should be controlled throughout 136 

production, storage and distribution.  Water is not usually subjected to testing and batch or 137 

lot release before use.  It is usually drawn from a system on-demand for use.  While chemical 138 

test results can normally be obtained without delay, results from microbiological testing are 139 

normally available only after water has already been used as microbiological tests may require 140 

periods of incubation.  The assurance of quality to meet the on-demand expectation of water 141 

is therefore essential. 142 

 143 

2.3 To reduce the risks associated with the production, storage and distribution of water , and 144 

considering the properties and use, it is essential: 145 

• to ensure the appropriate design, installation, operation and maintenance of WPU, 146 

pre-treatment, treatment, storage and distribution systems;  147 

• to continuously or periodically perform sanitization; 148 

• to take the appropriate measures in order to prevent chemical and microbial 149 

contamination; and  150 

• to prevent microbial proliferation and endotoxin formation, where applicable. 151 

 152 

2.4 Different grades of water quality exist.  The appropriate water quality, meeting its defined 153 

specification (such as described in a pharmacopoeia), should be used for the intended 154 

application. 155 

 156 

2.5 The application of specific types of water to processes and dosage forms should be 157 

considered. 158 

 159 
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2.6 Pharmaceutical manufacturers should use the appropriate grade of WPU during, for example, 160 

the manufacture of APIs and different dosage forms, for different stages in washing and 161 

cleaning, and in the synthesis of materials and products. 162 

 163 

2.7 The grade of water used should take into account the nature and intended use of the 164 

intermediate or FPP and the stage in the manufacturing process at which the water is used. 165 

 166 

2.8 Bulk water for injections (BWFI) should be used, for example, in the manufacture of injectable 167 

products, such as dissolving or diluting substances or preparations during the manufacturing 168 

of parenteral products, and for the manufacture of water for preparation of injections.  BWFI 169 

should also be used for the final rinse after the cleaning of equipment and components that 170 

come into contact with injectable products, as well as for the final rinse in a washing process 171 

in which no subsequent thermal or chemical depyrogenization process is applied. 172 

 173 

3. General principles for pharmaceutical water systems 174 

 175 

3.1 Pharmaceutical water production, storage and distribution systems should be designed, 176 

installed, commissioned, qualified, validated, operated and maintained to ensure the 177 

consistent and reliable production of water of intended quality. 178 

 179 

3.2 The capacity of these systems should be appropriate to meet the average and peak flow 180 

demand.  These systems should be able to operate continuously for significant periods of time 181 

in order to avoid the inefficiencies and equipment stresses that occur when equipment cycles 182 

turn on and off too frequently. 183 

 184 

3.3 Following an initial qualification such as installation qualification (IQ), operational qualification 185 

(OQ), performance qualification (PQ) and validation, the release and use of the system should 186 

be approved by the quality unit, e.g. quality assurance (QA). 187 

 188 

3.4 Water sources and treated water should be monitored regularly for chemical, microbiological 189 

and, where appropriate, endotoxin contamination.  The performance of water treatment, 190 
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storage and distribution systems should also be monitored.  Records of the results monitored, 191 

trend analysis and any actions taken should be maintained. 192 

 193 

4. Water quality specifications 194 

 195 

4.1   Pharmacopoeial specifications  196 

 197 

4.1.1  Pharmacopoeias include specifications for water used in bulk and in dosage forms.  Where 198 

this document refers to specifications, such as those in pharmacopoeias, the relevant, current 199 

publications should be used.  This document does not attempt to duplicate such material.  200 

Where subtle points of difference exist between pharmacopoeia l specifications, the 201 

manufacturer should choose the appropriate specification in accordance with the related 202 

marketing authorization submitted to the relevant medicine’s regulatory authority.  203 

Pharmacopoeial requirements or guidance for WPU are described in national, regional and 204 

international pharmacopoeias (4) and limits for various impurities, or classes of impurities, are 205 

either specified or recommended.  Requirements or guidance are given in pharmacopoeias on 206 

the microbiological and chemical quality of water. 207 

 208 

4.2 Drinking-water  209 

 210 

Note: The requirements for the design, construction and commissioning of drinking water 211 

systems are usually controlled through local regulations.  Drinking water systems are not 212 

usually qualified or validated.1 213 

 214 

4.2.1 The quality of drinking-water is covered by the WHO guidelines for drinking-water quality 215 

(5) and standards from the International Organization for Standardization (ISO) and other 216 

regional and national agencies.  Drinking-water should comply with the relevant regulations 217 

laid down by the competent authority. 218 

                                              
1 See documents listed under Further reading 
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4.2.2 Drinking-water may be derived from a natural or stored source.  Examples of natural sources 219 

include springs, wells, rivers, lakes and the sea.  The condition of the source water should be 220 

considered when choosing a treatment to produce drinking- water.   221 

 222 

4.2.3 Drinking-water should be supplied under continuous positive pressure by a plumbing system 223 

free from any defects that could lead to the contamination of any product. 224 

 225 

4.2.4 Drinking-water may be derived from a public water supply system.  This includes an off-site 226 

source, such as a municipality.  The appropriate drinking-water quality should be ensured by 227 

the supplier.  Tests should be conducted to guarantee that the drinking-water delivered is of 228 

drinking quality.  This testing is typically performed on water from the water source.  Where 229 

required, the quality may be achieved through the appropriate processing on-site. 230 

 231 

4.2.5 Where drinking-water is purchased in bulk and transported to the user by water tanker, 232 

controls should be put into place to mitigate any risks associated therewith.  Vendor 233 

assessment and authorized certification activities, including confirmation of the acceptability 234 

of the delivery vehicle, should be undertaken in a way similar to that used for any other 235 

starting material. 236 

 237 

4.2.6 It is the responsibility of the pharmaceutical manufacturer to assure that the source wa ter 238 

supplying the purified water (PW) treatment system meets the appropriate drinking-water 239 

requirements.  In these situations, the point at which drinking-water quality is achieved should 240 

be identified and a water sample taken and tested at defined intervals thereafter. 241 

 242 

4.2.7 If drinking-water is used directly in certain stages of pharmaceutical manufacture, such as in 243 

the production of APIs or in the feedwater for the production of higher qualities of WPU, then 244 

testing should be carried out periodically by the water user’s site; for example, at the point of 245 

use, to confirm that the quality meets the standards required for drinking-water. The selection 246 

of tests to be performed, and the frequency of testing, should be based on risk assessment. 247 

 248 

4.2.8 Where drinking-water is produced through the treatment of raw water by a system on-site, 249 

the system configuration and water-treatment steps used should be described. 250 

 251 
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4.2.9 Examples of typical processes employed to produce drinking-water may include: 252 

• desalination; 253 

• filtration; 254 

• softening; 255 

• disinfection or sanitization (e.g. by sodium hypochlorite {chlorine}); 256 

• iron (ferrous) removal; 257 

• precipitation; and 258 

• the reduction of concentration of specific inorganic and/or organic materials. 259 

 260 

4.2.10 Controls should be implemented to prevent the microbiological contamination of sand filters, 261 

carbon beds and water softeners.  The techniques selected should be appropriate and may 262 

include backflushing, chemical and/or thermal sanitization and frequent regeneration. 263 

 264 

4.2.11 The quality of drinking-water should be monitored routinely to account for environmental, 265 

seasonal or supply changes which may have an impact on the source water quality. 266 

 267 

4.2.12 Where drinking-water is stored and distributed by the user, the storage and distribution 268 

systems should minimize the degradation of the water quality prior to use.  After any such 269 

storage, testing should be carried out routinely and in accordance with a defined procedure.  270 

The storage and distribution of drinking-water should be done in a manner to ensure a 271 

turnover or recirculation of the water, if possible. 272 

 273 

4.2.13 The equipment and systems used to produce and store drinking-water should be able to be 274 

drained or flushed, and sanitized.  275 

 276 

4.2.14 Storage tanks should be closed with appropriately protected vents and should allow for visual 277 

inspection.  278 

 279 

4.2.15 Distribution pipework should be able to be drained or flushed and sanitized. 280 

 281 

4.2.16 The scope and extent of commissioning and qualification for the system should be identified 282 

and justified. 283 

 284 
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4.2.17 The results from testing drinking-water should be subjected to statistical analysis in order to 285 

identify trends and changes.  If the drinking-water quality changes significantly, but is still 286 

within specification, the direct use of this water as a WPU, or as the feedwater to downstream 287 

treatment stages, should be reviewed for any potential risks.  The appropriate action should  288 

be taken and documented. 289 

 290 

4.2.18 Changes to a system or to its operation should be made in accordance with change control 291 

procedures. 292 

 293 

4.2.19 Additional testing should be considered if there is any change in the raw water source, 294 

treatment techniques or system configuration. 295 

 296 

4.3 Bulk purified water 297 

 298 

4.3.1 Bulk purified water (BPW) should meet the relevant pharmacopoeia l specifications for 299 

chemical and microbiological purity. 300 

 301 

4.3.2 BPW should be prepared from drinking-water as a minimum-quality feedwater.  302 

 303 

4.3.3 Any appropriate, qualified purification technique, or sequence of techniques, may be used to 304 

prepare BPW.  BPW may be prepared by, for example, a combination of ion exchange, reverse 305 

osmosis (RO), RO/electro-deionization (EDI), and ultrafiltration. 306 

 307 

4.3.4 The following should be considered when configuring a water purification system or defining 308 

user requirement specifications (URS): 309 

• the quality of feedwater and its variation over seasons; 310 

• the quantity of water required by the user; 311 

• the required water-quality specification; 312 

• the sequence of purification stages required; 313 

• appropriately located sampling points designed in such a way so as to avoid potential 314 

contamination;  315 
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• unit process steps provided and documented with the appropriate instrumentation 316 

to measure parameters such as flow, pressure, temperature, conductivity and total 317 

organic carbon; 318 

• material of construction; 319 

• sanitization strategy; 320 

• main components; 321 

• interlocks, controls and alarms; and 322 

• electronic data storage, system security and audit trail. 323 

 324 

4.3.5 Ambient-temperature systems such as ion exchange, RO and ultrafiltration are especially 325 

susceptible to microbiological contamination, particularly when equipment is static during 326 

periods of no or low demand for water.  Sanitization at defined intervals (e.g. based on the 327 

data collected from the system validation and system behaviour), as well as other controls, 328 

should be defined to prevent and minimize microbiological contamination. 329 

 330 

4.3.6 Methods for sanitizing each stage of purification should be appropriate and validated.  Where 331 

agents are used for sanitization, their removal should be validated. 332 

 333 

4.3.7 The following controls should be considered in order to minimize and prevent microbial 334 

contamination: 335 

• the maintenance of water flow at all times in order to prevent water from stagnating;  336 

• control of temperature in the system, for example, by heat exchangers or room 337 

cooling in order to reduce the risk of microbial growth; 338 

• the provision of ultraviolet disinfection at appropriate locations in the system; 339 

• the use of water-treatment system components that can periodically be thermally 340 

sanitized above 70 °C for a defined period of time, or chemically sanitized using, for 341 

example, ozone, hydrogen peroxide and/or peracetic acid; and 342 

• a combination of thermal and chemical sanitization, if required. 343 

 344 

4.3.8 BPW should have appropriate alert and action limits for chemical and microbiological purity 345 

determined from a knowledge of the system and data trending.  BPW should be protected 346 

from recontamination and microbial proliferation. 347 
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4.4 Bulk water for injections 348 

 349 

4.4.1 BWFI should meet the relevant pharmacopoeial specifications for chemical and 350 

microbiological purity (including endotoxins).  BWFI is the highest quality of pharmacopoeial 351 

WPU. 352 

 353 

4.4.2 BWFI is not a final dosage form.  It is an intermediate bulk product suitable to be used as an 354 

ingredient during formulation. 355 

 356 

4.4.3 As a robust technique should be used for the production of BWFI, the following should be 357 

considered when configuring a water purification system or defining URS: 358 

• the quality of feedwater and its variation over seasons; 359 

• the quantity of water required by the user; 360 

• the required water-quality specification; 361 

• the sequence of purification stages required, where appropriate; 362 

• based on the selection of components, material of construction and type of system, 363 

the appropriate URS, qualification and validation;  364 

• the optimum generator size or generators with variable control to avoid over-365 

frequent start/stop cycling; 366 

• blow-down and dump functions; 367 

• cool-down venting to avoid contamination ingress; 368 

• appropriately located sampling points designed in such a way so as to avoid potential 369 

contamination;  370 

• appropriate instrumentation to measure parameters as required; 371 

• sanitization strategy; 372 

• interlocks, controls and alarms; and 373 

• electronic data storage, system security and audit trail. 374 

 375 

4.4.4 BWFI may be prepared, for example, by distillation as the final purification step.  Alternatively, 376 

BWFI may be produced by means other than distillation.  Techniques such as deionisation, 377 

electro deionization, nano filtration, ultrafiltration, water softening, descaling, pre-filtration 378 

and degasification, ultraviolet treatment, along with other techniques, may be considered in 379 
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conjunction with a single or double pass RO system.  For full details, see Production of water 380 

for injection by means other than distillation as published in the WHO Technical Report Series, 381 

No. 1025, Annex 3, 2020 (6). 382 

 383 

4.4.5 BWFI should have appropriate microbial and chemical  alert and action limits and should also 384 

be protected from recontamination and microbial proliferation. 385 

 386 

4.5 Other grades of water  387 

 388 

4.5.1 When a specific process requires a special non-pharmacopoeial grade of water, its 389 

specification must be documented within a company’s quality system.  As a minimum, it must 390 

meet the pharmacopoeial requirements relating to the grade of WPU required for the type of 391 

dosage form or process step. 392 

 393 

5. General considerations for water purification systems 394 

 395 

5.1 Pharmaceutical manufacturers should apply the current principles of quality risk management  396 

(7) in selecting and using the appropriate water purification systems.  An appropriate method 397 

for the production of WPU should be used.  398 

 399 

5.2 Risks and controls should be identified for each stage of the production, storage, distribution, 400 

use and monitoring of WPU. 401 

 402 

5.3 Risks identified should be evaluated in order to determine the scope and extent of validation 403 

and qualification of the system, including the computerized systems used for the production, 404 

control and monitoring of WPU.  405 

 406 

5.4 Risk management should be an ongoing part of the quality management process for WPU.  A 407 

mechanism to review or monitor events associated with the production, storage, distribution 408 

and use of WPU should be implemented. 409 
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5.5 Procedures for managing changes and deviations should be followed.  Where applicable, the 410 

appropriate risk and impact assessments should be carried out where changes and deviations 411 

are managed. 412 

 413 

5.6 The chosen water purification system, method or sequence of purification steps must be 414 

appropriate in order to ensure the production of water of the intended grade.  Based on the 415 

outcome of the risk assessment, the following should at least be considered when selecting 416 

the water treatment system and method: 417 

• the quality of the available feedwater and the variation over time (seasonal changes); 418 

• the availability of suitable support facilities for the system (e.g. electricity, heating, 419 

steam, chilled water and compressed air); 420 

• the extent of pre-treatment required; 421 

• the sequence of purification steps required; 422 

• the design and location of sampling points; 423 

• the sanitization strategy; 424 

• the availability of water-treatment equipment on the market; 425 

• the reliability and robustness of the water-treatment equipment in operation; 426 

• the yield or efficiency of the purification system; 427 

• the ability to adequately support and maintain the water purification equipment;  428 

• the continuity of operational usage considering hours/days/years and planned 429 

downtime; 430 

• the total life-cycle of the system (including capital, operation and maintenance);  431 

• the final water quality specification; and 432 

• the minimum,  average and maximum quantity of water required by the user. 433 

 434 

5.7 The specifications for water purification equipment, storage and distribution systems should 435 

take into account the following: 436 

• the location of the plant room; 437 

• the extremes in temperature that the system will encounter; 438 

• the risk of contamination, for example, from materials of construction (contact 439 

materials) and the environment; 440 

• the adverse impact of adsorptive contact materials;  441 

• hygienic or sanitary design, where required; 442 
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• corrosion resistance; 443 

• freedom from leakage; 444 

• system configuration to avoid or minimize proliferation of microbiological organisms; 445 

• tolerance to cleaning and sanitizing agents (thermal and/or chemical);  446 

• the sanitization strategy; 447 

• system capacity and output requirements; and 448 

• the provision of all necessary instruments, test and sampling points in order to allow 449 

for all the relevant critical quality parameters of the complete system to be 450 

monitored. 451 

 452 

5.8 The design, configuration and layout of the water purification equipment, storage and 453 

distribution systems should also take into account the following physical considerations: 454 

• the ability to collect samples; 455 

• the space available for the installation and environment around the system; 456 

• structural loadings on buildings; 457 

• the provision of adequate access for maintenance and monitoring; and 458 

• the ability to safely handle regeneration and sanitization chemicals. 459 

 460 

6. Water storage and distribution systems 461 

 462 

6.1 Where drinking water is stored and distributed, the appropriate controls should be 463 

determined and implemented in order to mitigate risks.  This applies to all stages in the supply, 464 

storage and distribution of drinking-water. 465 

 466 

6.2 The water storage and distribution systems for PW and BWFI should be appropria tely 467 

designed, installed, qualified, operated and maintained in order to ensure the storage and 468 

distribution of water is of consistent quality to the user points. 469 

 470 

 471 

 472 
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7. Good practices for water systems 473 

 474 

7.1 The components of water systems, including but not limited to pipework, valves and fittings, 475 

seals, diaphragms and instruments, should be appropriate and should satisfy the following 476 

objectives for the full range of the working temperature and potential chemicals that will come 477 

into contact with the system at rest, in operation and during sanitization. The construction 478 

materials should be of an appropriate quality. 479 

 480 

7.2.1 As a minimum, the following design and construction practices should be considered. 481 

 482 

For drinking water storage, supply and distribution systems on-site 483 

 484 

Materials of construction should be selected based on the following requirements:  485 

• ability to operate at the temperatures/pressures required; 486 

• lack of impact to the final water quality; 487 

• resistant to any sanitizing chemicals that may be used; 488 

• threaded and flanged joints are permitted; and 489 

• sample valves should preferably be of sanitary design. 490 

 491 

Note that the system may have a design life at the end of which it should be 492 

replaced/adequately maintained. 493 

 494 

For purified water and bulk water for injection systems 495 

 496 

Note: Construction standards are generally aligned with potable water standards up to the 497 

process stage. 498 

  499 

• Materials of construction should be appropriate. It should be non-leaching, non-500 

adsorbing, non-absorbing and resistant to corrosion.  Stainless-steel grade 316L or 501 

PVDC is generally recommended.  The choice of material should take into account the 502 

intended sanitization method. 503 
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• Stainless steel systems should be orbitally welded, with manual welds where 504 

necessary.  Inter-weldability between materials should be demonstrated with the 505 

maintenance of weld quality through a defined process.  Documentation for such a 506 

system should be kept and should include, as a minimum, the qualification of the 507 

welder, welder set-up, work session test pieces (coupons or weld samples), proof of 508 

quality of gas used, welding machine calibration record, weld identification and heat 509 

numbers, and logs of all welds.  Records, photographs or videos of inspection of a 510 

defined proportion of welds (e.g. 100% manual welds, 10% orbital welds). 511 

• Joints should be made using sanitary connections, for example, Tri-clover joints.  512 

Threaded joints should not be permitted.  Polyvinylidene fluoride or polyvinylidene 513 

difluoride (PVDF) systems should be fusion joined and visually inspected. 514 

• Passivation should be considered for stainless steel systems, for example, for non-515 

electropolished surfaces (after initial installation and after significant modification) in 516 

accordance with a documented procedure defining the solution to be used, its 517 

concentration, the temperature and contact time. 518 

• Internal finish should be smooth. 519 

• Flanges, unions and valves should be of a hygienic or sanitary design.  Valves should 520 

be  diaphragm type forged or machined body, with points of use constructed so that 521 

they can drain.  Sample valves should be sanitary type with the surface roughness of 522 

1.0 micron for PW and WFI systems and are typically installed between process stages 523 

and on the distribution loop return.  The appropriate checks should be carried out in 524 

order to ensure that the correct seals and diaphragms are used and that they a re 525 

fitted and tightened correctly. 526 

• The system should be installed to promote drainability with a recommended 527 

minimum slope of 1/100. 528 

• Where appropriate, pressure or hydro-tests for leaks, spray-ball functionality test and 529 

flow turbulence should be considered. 530 

• Provision should be made for on-line measurement for total organic carbon (TOC), 531 

conductivity and temperature. 532 

• Documents should provide evidence of system components and qualification.  These 533 

include as applicable drawings, original or certified copies of certificates of conformity 534 

for materials of construction, records of on-site tests performed, weld/joining 535 
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records, calibration certificates, system pressure test records and records of 536 

passivation.   537 

 538 

8. System sanitization and bioburden control 539 

 540 

8.1 Water-treatment, storage and distribution systems should be subjected to controls that will 541 

reduce the risk of contamination and the proliferation of microbiological organisms.  542 

 543 

8.2 Controls may include using chemical and/or thermal sanitizat ion procedures as appropriate 544 

(e.g. production, storage and distribution).  The procedure and conditions used, such as times 545 

and temperatures, as well as the frequency, should be defined and proven to be effective for 546 

sanitizing all relevant parts of the system.  The techniques employed should be considered 547 

during the design stage of the system as the procedure and technique may impact on the 548 

components and materials of construction. 549 

 550 

8.3 Systems that operate and are maintained at elevated temperatures (e.g . > 70 °C) are generally 551 

less susceptible to microbiological contamination than systems that are maintained at lower 552 

temperatures.   When lower temperatures are required due to the water treatment processes 553 

employed, or the temperature requirements for the water in use, special precautions should 554 

be taken to prevent the ingress of contaminants including microorganisms (see section 9.2 for 555 

guidance). 556 

 557 

8.4 Where the chemical sanitization of the water systems is part of the biocontamination control 558 

programme, a validated procedure should be followed in order to ensure that the sanitizing 559 

process selected is effective and that the sanitizing agent has been effectively removed. 560 

 561 

8.5 Records of sanitization should be maintained. 562 

 563 

8.6 Other control techniques to be considered may include: 564 

• The maintenance of a continuous circulation of water maintaining turbulent flow 565 

evidenced by, for example, a Reynolds number of > 4000. 566 
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• Ensuring hygienic design, including the use of zero dead leg diaphragm valves and 567 

minimizing dead legs.  Areas of possible dead legs should be measured and calculated. 568 

• Installing pipework in a manner to allow for full drainage, if required.  A guidance 569 

figure for the slope is not less than 1:100. 570 

• Considering the use of ultraviolet lamps in the system where needed with 571 

independent monitoring. 572 

• Maintaining the system at an elevated temperature (e.g. > 70 °C), if required. 573 

 574 

9. Storage vessels 575 

 576 

9.1 Storage vessels should be appropriate for their intended use.  577 

 578 

9.2 As a minimum, the following should be considered: 579 

• the design and shape; 580 

• the provision for drainage of water from the vessel, when required; 581 

• construction materials; 582 

• capacity, including buffer capacity, between the steady state, water generation rate 583 

and the potentially variable simultaneous demand from user points, short-term 584 

reserve capacity in the event of failure of the water-treatment system or the inability 585 

to produce water (e.g. due to a regeneration cycle); 586 

• prevention of stagnant water in the vessel (e.g. the headspace where water droplets 587 

can accumulate) and the need for the use of a spray-ball or distributor devices to wet 588 

the inner surfaces of the vessel; 589 

• limitation and design of nozzles within the storage vessels; 590 

• the fitting of bacteria-retentive, hydrophobic vent filters which are tested for their 591 

integrity at appropriate intervals;  592 

• the fitting of sanitary design bursting discs provided with external rupture indicators 593 

to ensure that loss of system integrity is detected; 594 

• the design and sanitization, as required, of level indicators; 595 

• the design and location of valves, sampling points and monitoring devices and 596 

sensors; and 597 
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• the need for heat exchangers or jacketed vessels.  Where these are used, double tube 598 

sheet or double plate heat exchangers should be used, ideally with the utility pressure 599 

less than the system pressure to minimise the risk of contamination. 600 

 601 

10. Water distribution 602 

 603 

10.1 The water distribution system should be designed as a loop, with continuous circulation of 604 

BPW and BWFI.  Where this is not the case, the appropriate justification for using a non-605 

recirculating one-way system should be provided as well as robust measures implemented to 606 

monitor these. 607 

 608 

10.2 As a minimum, the following should be considered: 609 

• controls to minimize proliferation of contaminants; 610 

• material of construction, joints and impact as a result of sanitization; and 611 

• the design and location of devices, sensors and instruments such as flow meters, 612 

conductivity sensors, TOC analysers and temperature sensors. 613 

 614 

10.3 Filtration should not be used in distribution loops or at take-off user points. 615 

 616 

10.4 Where heat exchangers are used, they should be arranged in continually circulating loops or 617 

sub-loops in order to avoid unacceptable static water in the system. 618 

 619 

10.5 When the temperature is reduced for processing purposes, the reduction should occur for the 620 

minimum necessary time.  The cooling cycles and their duration should be proven satisfactory 621 

during the qualification of the system. 622 

 623 

10.6 Circulation pumps should be of a sanitary design with the appropriate seals to prevent 624 

contamination of the system.  625 

 626 

10.7 Where stand-by pumps are provided, they should be configured or managed to avoid dead 627 

zones trapped within the system. 628 

 629 
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10.8 Consideration should be given to preventing contamination in systems where parallel pumps 630 

are used, especially if there is stagnant water when one of the pumps is not being used. 631 

 632 

11. Operational considerations including some qualification 633 

and validation principles 634 

 635 

11.1 Water systems should be appropriately qualified and validated (8).  The scope and extent of 636 

qualification should be determined based on risk assessment.  637 

 638 

11.2 When commissioning work is done, this should be documented.  Commissioning is not a 639 

replacement for qualification. 640 

 641 

11.3 In order to demonstrate the reliability and robustness of a system and its performance, a 642 

three-phase approach should be used for validation, covering at least one year of operation 643 

over different seasons.  Tests on the source water (drinking-water) should be included within 644 

the validation programme and continued as part of the routine monitoring, and these results 645 

should meet specifications. 646 

 647 

 Phase 1 648 

 649 

Phase I should cover a period of at least two weeks.   650 

 651 

Operational procedures and schedules should cover at least the following activities and testing 652 

approaches: 653 

• chemical and microbiological testing in accordance with a defined plan;  654 

• sample, test and monitoring of the incoming feedwater to verify its quality;  655 

• sample, test and monitoring after each step in the purification process; 656 

• sample, test and monitoring at each point of use and at other defined sample points  657 

including the end of the distribution loop; 658 

• verification of operating ranges; 659 

• demonstrate performance of operating, cleaning, sanitizing and maintenance 660 

procedures; 661 
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• demonstrate the consistent production and delivery of product water of the required 662 

quality and quantity; 663 

• provisional alert and action levels; and 664 

• test-failure procedure. 665 

 666 

The system should be monitored intensively for its performance.  Water should not be used 667 

for product manufacturing during this phase.  668 

 669 

 Phase 2 670 

 671 

Phase 2 should cover at least a further test period of two weeks after the satisfactory 672 

completion of Phase 1.  The system should be monitored while deploying all the standard 673 

operating procedures (SOPs).  The sampling program should be generally the same as in Phase 674 

1.  The use of the water for product manufacturing purposes during this phase may be 675 

acceptable, provided that Phase 1 and Phase 2 data demonstrate the appropriate water 676 

quality and the practice is approved by QA. 677 

 678 

The approach should also: 679 

• demonstrate consistent system operation within established ranges; and 680 

• demonstrate consistent production and delivery of water of the required quantity and 681 

quality when the system is operated in accordance with the SOPs. 682 

 683 

 Phase 3 684 

 685 

Phase 3 should cover at least a further 12 months after the satisfactory completion of Phase 686 

2.  The sample locations, sampling frequencies and tests may be reduced according to a 687 

routine plan which should be based on the established procedures and data from Phase 1 and 688 

Phase 2.  Data should be trended, for example, quarterly and a system review should be 689 

undertaken after the completion of Phase 3 as part of the evaluation of system performance 690 

capability.  The appropriate action should be taken where such a need is identified. 691 

 692 
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Water can be used during this phase.  The data and information obtained during Phase 3 693 

should demonstrate the reliable performance of the system over this period of time covering  694 

the different seasons. 695 

 696 

12. Continuous system monitoring 697 

 698 

12.1 The system should be subject to continuous monitoring. 699 

 700 

12.2 A monitoring plan should be followed where samples are collected in accordance with a 701 

written procedure. 702 

 703 

12.3 A combination of online and offline instruments, linked to appropriately qualified alarm 704 

systems, should be used.  Parameters such as flow, pressure, temperature, conductivity and 705 

TOC should be monitored with online devices with periodic offline testing to confirm the 706 

results.  Other parameters may be monitored through offline testing. 707 

 708 

12.4 Offline testing (including physical, chemical and microbiological attributes) should be done in 709 

accordance with a predetermined programme.  710 

 711 

12.5 Samples should be taken from points of use and dedicated sample points where required.  All 712 

water samples should be taken using the same methodology as detailed in production 713 

procedures, for example, using a hose and with a suitable flushing and drainage procedure in 714 

place. 715 

 716 

12.6 Tests should be carried out to ensure that the relevant pharmacopoeia specification (and 717 

approved company specification, where applicable) has been met.  This may include the 718 

microbiological quality of water, as appropriate. 719 

 720 

12.7 The results for identified quality attributes should be subjected to statistical analysis at defined 721 

intervals, for example, monthly, quarterly and annually, in order to identify trends.  The results 722 

should be within defined control limits, such as 3 sigma.  723 

 724 
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12.8 Alert and action levels should be established based on historically reported data. 725 

 726 

12.9 Adverse trends and out-of-limit results should be investigated for the root cause, followed by 727 

the appropriate corrective and preventive actions. 728 

 729 

13. Maintenance of water systems 730 

 731 

13.1 WPU systems should be maintained in accordance with an approved and documented 732 

maintenance programme.  Records should be kept. 733 

 734 

13.2 The programme should take into account at least the following: 735 

• defined frequency for system elements; 736 

• the calibration programme; 737 

• SOPs for specific tasks; 738 

• the control of approved spare parts; 739 

• preventive maintenance and maintenance plan and instructions, including cleaning 740 

after maintenance; 741 

• a review and approval of systems for use upon completion of work; and 742 

• a record and review of problems and faults during maintenance 743 

 744 

14. System reviews 745 

 746 

14.1 WPU systems should be reviewed at described intervals. 747 

 748 

14.2 The review team should be comprised of representatives from, for example, engineering, 749 

utilities, validation, QA, quality control, microbiology, production and maintenance.  750 

 751 

14.3 Examples of matters to be included in the review  are: 752 

• changes made since the last review; 753 

• system performance trends and capability; 754 

• quality trends; 755 
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• failure events and alarm history; 756 

• investigations; 757 

• out-of-specification and out-of-limit results; 758 

• alert and action limits; 759 

• assessing compliance with current GMP requirements for WPU systems; 760 

• verification of documentation being current; 761 

• records such as log books and electronic data; and 762 

• the appropriateness of the software and the computerized system linked to the water 763 

system, for example, SCADA (Supervisory Control and Data Acquisition), including 764 

audit trail, authorized users with access and privileges.  765 

 766 

15. Inspection of water systems 767 

 768 

15.1 WPU (BPW and BWFI) systems are subjected to regulatory inspections.  Users should conduct 769 

audits and self-inspection of water systems at regular intervals. Records should be maintained. 770 

 771 

15.2 This document can be used as the basis of an audit and inspection.  A tour of the water system, 772 

treatment system, storage and distribution system, as well as visible pipework and user points, 773 

should be performed to ensure that the system is appropriately designed, installed, qualified, 774 

validated, maintained and monitored. 775 

 776 

  777 
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Glossary 778 

 779 

Commissioning.  The setting up, adjustment and testing of equipment or a system to ensure that it 780 

meets all the requirements, as specified in the user requirement specification, and capacities as 781 

specified by the designer or developer.  Commissioning is carried out before qualification and 782 

validation. 783 

 784 
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