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1 General considerations 88 

In 1999, the World Health Organization (WHO) Expert Committee on Specifications for 89 

Pharmaceutical Products (ECSPP) adopted the WHO good practices for national pharmaceutical 90 

control laboratories guidelines which were published as Annex 3 of the WHO Technical Report 91 

Series, No. 902, 2002. These guidelines were subsequently revised and published as Annex 1 of 92 

the WHO Technical Report Series, No 957, 2010 and was renamed as "WHO good practices for 93 

pharmaceutical quality control laboratories". 94 

Since the last revision of the guidelines, the experience from inspections of pharmaceutical 95 

quality control laboratories has enabled WHO to identify sections requiring clarification and the 96 

necessity to add new sections. Also, the COVID-19 pandemic has made clear that risk 97 

management, crisis management and business continuity are subjects which should be addressed 98 

to ensure that laboratories are prepared to face similar situations. 99 

The present document provides advice on the quality management system (QMS) within which 100 

the analysis of pharmaceutical products by quality control laboratories (QCL) should be 101 

performed to ensure that accurate and reliable results are obtained. Compliance with the 102 

recommendations provided in these guidelines will help promote international harmonization of 103 

good laboratory practices for pharmaceutical quality control laboratories and facilitate mutual 104 

recognition of test results. 105 

This guideline is consistent with the requirements of the WHO guidelines for good manufacturing 106 

practices (1) and the International Standard ISO/IEC 17025:2017 (2), providing detailed 107 

guidance for laboratories performing quality control testing of medicines. 108 

The good practice outlined below is to be considered as a general guide and it may be adapted to 109 

meet individual needs provided that an equivalent level of assurance is achieved. For items 4.3, 110 

4.4, 4.5, 4.6 and 6.7 (Performance evaluation, Risk management, Crisis management, 111 

Communication management and Measurement Uncertainty, where applicable), from the new 112 

section 4 on “Planning and strategic management”, a period of adaptation from the publication 113 

of this document will be given to allow laboratories to properly implement these new 114 

requirements. 115 

This guideline is applicable to any pharmaceutical quality control laboratory, be it a national 116 

quality control laboratory (NQCL), a commercial quality control laboratory, a third-party 117 
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contract quality control laboratory or a quality control laboratory of a pharmaceutical 118 

manufacturer. However, it does not include guidance for those laboratories involved in the testing 119 

of biological products (e.g., vaccines and blood products), nor for microbiology laboratories. 120 

Separate guidance for such laboratories is available, e.g., WHO good practices for 121 

pharmaceutical microbiology laboratories (3). It should be noted that specifications and quality 122 

assurance objectives may be different for NQCLs and quality control laboratories of a 123 

pharmaceutical manufacturer. The laboratories which comply with these guidelines should be 124 

organized in operating to meet the requirements set out in this document. 125 

Pharmaceutical quality control testing 126 

In a QCL of a pharmaceutical manufacturer testing usually comprises of the repetitive analysis 127 

of pharmaceutical products. However, an NQCL has to be able to test and to evaluate a much 128 

wider range of products requiring the application of a wider range of analytical test procedures 129 

and techniques. The same is applicable to commercial and third-party contracted laboratories. 130 

For the quality of a pharmaceutical product to be correctly assessed the following should be 131 

considered: 132 

 the submission of a sample to the laboratory should be accompanied by a statement 133 

indicating the reason why the analysis has been requested; and 134 

 the analysis should be correctly planned and executed. 135 

The test results should be evaluated to determine whether the sample complies with the 136 

specifications or other relevant requirements. 137 

National Quality Control Laboratories (NQCLs) 138 

A government, normally through the national medicines regulatory authority (NRA), may 139 

establish and maintain a NQCL. Large countries may require several NQCLs to conform to 140 

national legislation. The role of NQCLs should be defined in the pharmaceutical legislation of 141 

Member States. Appropriate arrangements should therefore be in place to monitor compliance 142 

with a QMS. Throughout the process of marketing authorization and post-marketing surveillance, 143 

the laboratory or laboratories may work closely with the NRA. 144 

A NQCL should provide effective support to and collaborate with the NRA. The analytical results 145 

obtained should accurately describe the properties of the samples assessed, permitting correct 146 

conclusions as to their quality. Where results from testing of samples show non-compliance with 147 

specifications, further investigations should be carried out by the NRA and, where necessary, the 148 
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appropriate legal action should be instituted.  149 

NQCLs usually encompass two types of activity: 150 

 compliance testing of pharmaceutical products employing official methods which include 151 

pharmacopoeial methods, validated analytical procedures provided by the manufacturer and 152 

approved by the relevant national or regional authority for marketing authorization and, 153 

whenever necessary, analytical procedures developed and validated by the NQCL; and 154 

 investigative testing of suspicious, illegal, falsified substances or products, submitted for 155 

analysis, for example, by the respective health authorities, customs and police. 156 

It is also expected that NQCLs perform compliance testing in accordance to a post-market 157 

surveillance testing plan, prepared with the inputs of inspection, assessment and pharmacovigilance 158 

and taking into account the criticality of the products, supported by a risk analysis. 159 

2 Glossary 160 

The definitions given below apply to the terms as used in these guidelines. They may have 161 

different meanings in other contexts. 162 

accuracy. The closeness of agreement between the value which is accepted either as a 163 

conventional true value or as an accepted reference value and the value found. 164 

active pharmaceutical ingredient (API). Any substance or mixture of substances intended to 165 

be used in the manufacture of a pharmaceutical dosage form and that, when so used, becomes an 166 

active ingredient of that pharmaceutical dosage form. Such substances are intended to furnish 167 

pharmacological activity or other direct effect in the diagnosis, cure, mitigation, treatment or 168 

prevention of disease, or to affect the structure and function of the body. 169 

analytical test report. An analytical test report usually includes a brief description of the test 170 

procedure(s) employed, results of the analysis, discussion (if applicable) and conclusions and/or 171 

recommendations for one or more samples submitted for testing (6.10). 172 

analytical worksheet. A printed form, an analytical workbook or electronic means (e-records) 173 

for recording information about the sample, as well as reagents and solvents used, instruments 174 

and equipment used, test procedure applied, calculations made, results and any other relevant 175 

information or comments (6.4). 176 

analytical acceptance criteria. Performance criteria applied to results obtained from the analysis 177 
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performed. These criteria are pre-defined and are dependent on the nature of the product, the 178 

analytical procedure and its original validation, as well as the specification limits given in the 179 

compendial monograph or in the marketing authorization, such as precision and accuracy. 180 

acceptance criterion for an analytical result. Predefined and documented criteria by which a 181 

result is considered to be within the limit(s) or to exceed the limit(s) indicated in the specification. 182 

batch (or lot). A defined quantity of starting material, packaging material or product processed 183 

in a single process or series of processes so that it is expected to be homogeneous. It may 184 

sometimes be necessary to divide a batch into a number of sub-batches which are later brought 185 

together to form a final homogeneous batch. In the case of terminal sterilization, the batch size is 186 

determined by the capacity of the autoclave. In continuous manufacture, the batch should 187 

correspond to a defined fraction of the production, characterized by its intended homogeneity. 188 

The batch size can be defined either as a fixed quantity or as the amount produced in a fixed time 189 

interval. 190 

batch number (or lot number). A distinctive combination of numbers and/or letters which 191 

uniquely identifies a batch on the labels, its batch records and corresponding certificates of 192 

analysis. 193 

calibration. The set of operations that establish, under specified conditions, the relationship 194 

between values indicated by an instrument or system for measuring (especially weighing), 195 

recording and controlling, or the values represented by a material measure, and the corresponding 196 

known values of a reference standard. Limits for acceptance of the results of measuring should 197 

be established. 198 

certificate of analysis. The list of test procedures applied to a particular sample with the results 199 

obtained and the acceptance criteria applied. It indicates whether or not the sample complies with 200 

the specification. 201 

certified reference material. Reference material, characterized by a metrologically valid 202 

procedure for one or more specified properties, accompanied by documentation (i.e., a certificate) 203 

that provides the value of the specified property, its associated uncertainty and a statement of 204 

metrological traceability. 205 

compliance testing. Analysis of active pharmaceutical ingredients (APIs), pharmaceutical 206 

excipients, packaging material or pharmaceutical products according to the requirements of a 207 

pharmacopoeial monograph or a specification in an approved marketing authorization. 208 

control sample. A sample used for testing the continued accuracy and precision of the procedure. 209 
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It should have a matrix similar to that of the samples to be analysed. It has an assigned value with 210 

its associated uncertainty. 211 

conventional true value. Value attributed to a particular quantity and accepted value. 212 

crisis management. A set of planned strategies, defined in advance to assist the organization to 213 

manage an unexpected event, with a relevant negative impact. These strategies should ensure that 214 

business processes, assets and personnel are protected and are able to adapt to function in the 215 

event of such a disruption, such as a natural disaster (fire, flood, weather-related events), a cyber-216 

attack or a pandemic. 217 

design qualification (DQ). A documented collection of activities that define the functional and 218 

operational specifications of the instrument and criteria for selection of the vendor, based on the 219 

intended purpose of the instrument. 220 

data integrity. The degree to which data are complete, consistent, accurate, trustworthy and 221 

reliable and to which these characteristics of the data are maintained throughout the data life-222 

cycle. The data should be collected and maintained in a secure manner, such that they are 223 

attributable, legible, contemporaneously recorded, original or a true copy, accurate, complete, 224 

consistent, enduring, and available; commonly referred to as "ALCOA+". Assuring data integrity 225 

requires appropriate quality and risk management systems, including adherence to sound 226 

scientific principles and good documentation practices.  227 

equipment qualification (EQ). Action of proving and documenting that any analytical 228 

equipment complies with the required specifications and performs suitably for its intended 229 

purpose (5.3). 230 

expanded uncertainty (U). Quantity defining an interval about the result of a measurement that 231 

may be expected to encompass a large fraction of the distribution of values that could reasonably 232 

be attributed to the measurand. It is calculated from a combined standard uncertainty and a 233 

coverage factor k. Estimation of uncertainty from a certain source of variation can be indicated 234 

already as an expanded uncertainty (for example, the maximum admissible deviation from the 235 

nominal volume for volumetric apparatus). 236 

good manufacturing practice(s) (GMP). That part of quality assurance which ensures that 237 

pharmaceutical products are consistently produced and controlled to the quality standards 238 

appropriate to their intended use and as required by the marketing authorization. 239 

installation qualification (IQ). The performance of tests to ensure that the analytical equipment 240 

used in a laboratory is correctly installed and operates in accordance with established 241 
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specifications. 242 

level of confidence. A number expressing the degree of confidence in a quoted result, e.g., 95%. 243 

It represents the probability that the conventional true value of the measurand lies within the 244 

quoted range of uncertainty. 245 

management review. A formal, documented review of the key performance indicators of a 246 

quality management system (QMS) performed by senior management on a regular basis. 247 

manufacturer. A company that carries out operations such as the production, packaging, testing, 248 

repackaging, labelling and/or relabelling of pharmaceuticals. 249 

marketing authorization (product licence, registration certificate). A legal document issued 250 

by the competent medicines regulatory authority that authorizes the marketing or free distribution 251 

of a pharmaceutical product in the respective country after an evaluation for safety, efficacy and 252 

quality. In terms of quality, it establishes inter alia the detailed composition and formulation of 253 

the pharmaceutical product and the quality requirements for the product and its ingredients. It 254 

also includes details of packaging, labelling, storage conditions, shelf-life and approved 255 

conditions of use. 256 

measurement uncertainty. A parameter associated with the result of a measurement that 257 

characterises the dispersion of the values that could be reasonably attributed to the measurand. 258 

metrological traceability. The property of a measurement result whereby the result can be 259 

related to a reference through a documented, unbroken chain of calibrations, each contributing to 260 

the measurement uncertainty. 261 

operational qualification (OQ). Documented verification that the analytical equipment 262 

performs as intended over all anticipated operating ranges. 263 

out-of-specification (OOS) result. All test results that fall outside the specifications or 264 

acceptance criteria established in product dossiers, drug master files, pharmacopoeias or by the 265 

manufacturer.  266 

out-of-trend (OOT) result. A result, from a series of analytical results obtained during a certain 267 

period of time, which complies with the acceptance criteria (be it specification, internal limits or 268 

analytical acceptance criteria) but falls outside the expected and predicted interval or the 269 

statistical process control criteria. It requires that trend analysis is performed for test results 270 

during stability testing, environmental controls and yields, where applicable. 271 
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performance qualification (PQ). Documented verification that the analytical equipment 272 

operates consistently and gives reproducibility within the defined specifications and parameters 273 

for prolonged periods. 274 

pharmaceutical excipient. A substance, other than the active pharmaceutical ingredient (API), 275 

which has been appropriately evaluated for safety and is included in a medicines delivery system 276 

to: 277 

 aid in the processing of the medicines delivery system during its manufacture; 278 

 protect, support or enhance stability, bioavailability or patient acceptability; 279 

 assist in pharmaceutical product identification; or 280 

 enhance any other attribute of the overall safety and effectiveness of the medicine during 281 

its storage or use. 282 

pharmaceutical product. Any material or product intended for human or veterinary use, 283 

presented in its finished dosage form or as a starting material for use in such a dosage form, which 284 

is subject to control by pharmaceutical legislation in the exporting state and/or the importing 285 

state. 286 

precision. The closeness of agreement among individual results when the procedure is applied 287 

repeatedly to multiple samplings of a homogeneous sample. Precision, usually expressed as 288 

relative standard deviation, may be considered at three levels: repeatability (precision under the 289 

same operating conditions over a short period of time), intermediate precision (within laboratory 290 

variations) and reproducibility (precision between laboratories). 291 

primary reference substance (or standard). A substance that is widely acknowledged to 292 

possess the appropriate qualities within a specified context, and whose assigned content is 293 

accepted without requiring comparison with another chemical substance. 294 

quality control. All measures taken, including the setting of specifications, sampling, testing and 295 

analytical clearance, to ensure that raw materials, intermediates, packaging materials and finished 296 

pharmaceutical products conform with established specifications for identity, strength, purity and 297 

other characteristics. 298 

quality management system (QMS). An appropriate infrastructure, encompassing the 299 

organizational structure, procedures, processes and resources, and systematic actions necessary 300 

to ensure adequate confidence that a product or service will satisfy given requirements for quality 301 
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(3.2). 302 

quality manager (QM). A member of staff who has a defined responsibility and authority for 303 

ensuring that the management system related to quality is implemented and followed at all times 304 

(3.1.4. m.). 305 

quality manual. A handbook that describes the various elements of the quality management 306 

system (QMS) for assuring the quality of the test results generated by a laboratory (3.2.3). 307 

quality risk management (QRM). A systematic process for the assessment, control, 308 

communication, and review of risks to the quality of the product across its life cycle. 309 

quality unit(s). An organizational unit, independent of production, which fulfils both quality 310 

assurance and quality control responsibilities. This can be in the form of separate quality 311 

assurance and quality control or a single individual or group, depending on the size and structure 312 

of the organization. 313 

reference material. Material sufficiently homogeneous and stable with respect to one or more 314 

specified properties, which has been established to be fit for its intended use in a measurement 315 

process. 316 

reference substance (or standard). An authenticated, uniform material that is intended for use 317 

in specified chemical and physical tests, in which its properties are compared with those of the 318 

product under examination, and which possesses a degree of purity adequate for its intended use. 319 

risk. Combination of the probability of occurrence of harm and severity of the harm. (Source: 320 

WHO Guideline on risk management) 321 

secondary reference substance (or standard). A substance whose characteristics are assigned 322 

and/or calibrated by comparison with a primary reference substance. The extent of 323 

characterization and testing of a secondary reference substance may be less than for a primary 324 

reference substance. 325 

signed (signature). Record of the individual who performed a particular action or review.  The 326 

record can be initials, full handwritten signature, personal seal or authenticated and secure 327 

electronic signature. 328 

specification. A list of detailed requirements (acceptance criteria for the prescribed test 329 

procedures) with which the substance or pharmaceutical product has to conform to ensure 330 

suitable quality. “Conformance to specification” means that the drug substance and drug product, 331 
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when tested according to the listed analytical procedures, will meet the acceptance criteria 332 

(numerical limits, ranges, or other) and is considered acceptable for its intended use. 333 

Specifications are critical quality standards that are proposed and justified by the manufacturer 334 

and approved by regulatory authorities as conditions of approval. 335 

standard operating procedure (SOP). An authorized written procedure giving instructions for 336 

performing operations, both general and specific. 337 

standard uncertainty. Uncertainty of the result of a measurement expressed as a standard 338 

deviation. 339 

starting material. Any substance of a defined quality used in the production of a pharmaceutical 340 

product, including packaging material. 341 

system suitability test. A test which is performed to ensure that the analytical procedure fulfils 342 

the acceptance criteria which had been established during the validation of the procedure. This 343 

test is performed before starting the analytical procedure and is to be repeated regularly, as 344 

appropriate, throughout the analytical run to ensure that the system’s performance is acceptable 345 

at the time of the test. 346 

target uncertainty (Utg). Measurement uncertainty specified as an upper limit and decided on 347 

the basis of the intended use of measurement results. Unless otherwise indicated, Utg is expressed 348 

as an expanded uncertainty. 349 

trend analysis. An analysis of sets of data intended to detect patterns or trends, with the purpose 350 

of understanding the current behaviour and predicting future behaviours of that same type of data. 351 

This analysis enables the implementation of actions to control the trends which are observed. 352 

uncertainty evaluation procedure. The procedure used for estimating the overall uncertainty.  353 

validation of an analytical procedure. The documented process by which an analytical 354 

procedure (or method) is demonstrated to be consistently suitable for its intended use. 355 

verification of an analytical procedure. The process whereby a pharmacopoeial method or 356 

official method approved by regulatory authorities is demonstrated to be suitable for the samples 357 

intended to be tested, and the process whereby a lab demonstrate it has the ability to adequately 358 

operate the pharmacopoeial method or official method approved by regulatory authorities 359 

verification of performance. A test procedure regularly applied to a system (e.g., liquid 360 

chromatographic system) to demonstrate consistency of response.  361 
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3 Organization and management system 362 

3.1 Structural and general requirements 363 

3.1.1 The laboratory, or the organization of which it is part, should be an entity that is legally authorized 364 

to function and can be held responsible for the test results, certificates of analysis and other types 365 

of work that they perform. 366 

3.1.2 The laboratory should be organized and operate so as to meet the requirements laid down in these 367 

guidelines. 368 

3.1.3 Senior management is responsible for the establishment, implementation and control of an 369 

effective quality system and data governance system by assuring that policies, training and 370 

technical systems are in place. 371 

3.1.4 The laboratory should: 372 

a. have managerial and technical personnel with the authority and resources (i.e. financial, 373 

human and infrastructure) needed to carry out their duties; 374 

b. have arrangements to ensure that its management and personnel are not subject to 375 

commercial, political, financial and other pressures or conflicts of interest that may 376 

adversely affect their work or compromise impartiality; 377 

c. Have procedures in place to declare conflicts of interest, as well as possible measures that 378 

should be taken to mitigate risks arising from declared interests; evaluate, review and 379 

document continuously the declarations of interest with respect to the ongoing work; 380 

d. have a policy and procedures to ensure confidentiality of all information (oral, paper and 381 

electronic) shared with or generated by the laboratory during the performance of 382 

laboratory activities including, but not limited to information contained in marketing 383 

authorizations, analytical methods, the transfer of results or reports, etc.; 384 

e. be responsible, through legally enforceable commitments, for the management of all 385 

information obtained or created during the performance of laboratory activities; 386 

f. ensure that all personnel, including contractors, personnel of external bodies or 387 

individuals acting on the laboratory’s behalf, keep confidential all the information 388 

obtained or created during the activities, except as required by law and act impartially, be 389 

competent and work in accordance with the laboratory's QMS; 390 

g. define, with the aid of organizational charts, the organization and management structure 391 

of the laboratory, its place in any parent organization (such as the Ministry of Health or 392 

the NRA in the case of a NQCL), and the relationships between management, technical 393 
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operations, support services and the QMS; 394 

h. specify the responsibility, authority and inter-relationships of all personnel who manage, 395 

perform, verify, review or approve work which affects the results of laboratory activities; 396 

i. ensure the precise allocation of responsibilities, particularly in the designation of specific 397 

units for particular types of medicines, if deemed necessary; 398 

j. nominate trained substitutes/deputies for key management and specialized scientific 399 

personnel; 400 

k. provide adequate supervision of staff, including trainees, by persons familiar with the test 401 

and/or calibration, validation and verification of methods and procedures, as well as their 402 

purpose and the assessment of the results; 403 

l. have management, which has the overall responsibility for the technical operations and 404 

the provision of resources needed in order to ensure the required quality of laboratory 405 

operations; 406 

m. designate a member of staff as quality manager who, irrespective of other duties he/she 407 

may have, will ensure compliance with the QMS. The nominated quality manager should 408 

have direct access to the highest level of management at which decisions are taken on 409 

laboratory policies or resources; 410 

n. ensure adequate information flow and communication between staff at all levels; staff are 411 

to be made aware of the relevance and importance of their activities, as well as having a 412 

good understanding of the mission, the strategic direction and operational priorities; 413 

o. ensure the traceability of the sample from receipt, throughout the stages of testing, to the 414 

completion of the analytical test report; a registry receiving, distributing and supervising 415 

the consignment of the samples to the specific units. The records on all incoming samples 416 

and all accompanying documents should be maintained; 417 

p. maintain an up-to-date collection of all specifications and related documents (paper or 418 

electronic) used in the laboratory; and 419 

q. have appropriate safety procedures (section 7). 420 

3.2 Quality management system 421 

3.2.1 The Quality Manager should ensure the establishment, implementation and maintenance of a 422 

QMS appropriate to the scope of activities in the laboratory.  423 

3.2.2 The QMS should be communicated and understood by the appropriate personnel. The elements 424 

of this system should be documented (e.g., electronically or paper). 425 

3.2.3 The quality manual, or equivalent document, should contain as a minimum: 426 

a. a quality policy statement, including at least the following: 427 
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i. a statement of the laboratory management’s intentions with respect to the standard of 428 

service it will provide, including policies and objectives which address the competence, 429 

impartiality and consistent operation of the laboratory, 430 

ii. a commitment to developing, implementing and maintaining an effective QMS and 431 

continuously improving its effectiveness, 432 

iii. the laboratory management’s commitment to compliance with the content of these 433 

guidelines, and 434 

iv. a requirement that all personnel concerned have access to the management system 435 

documentation and related information applicable to their responsibilities, and are 436 

aware of the requirements for implementation of the policies and procedures in their 437 

work; 438 

b. the structure of the laboratory (organizational chart or equivalent document); 439 

c. the operational and functional activities pertaining to quality so that the extent and the 440 

limits of the responsibilities are clearly defined; 441 

d. an outline of the structure of documentation used in the laboratory QMS; 442 

e. the general internal quality management procedures; 443 

f. the requirements of qualification, experience and competencies of personnel and the 444 

policy for initial and in-service training of staff; 445 

g. The following policies should be applied:- 446 

h. internal and external audits;  447 

i. implementing and verifying corrective and preventive actions; 448 

j. dealing with complaints; 449 

k. for performing management reviews of the QMS; 450 

l. selecting, establishing and approving analytical procedures; 451 

m. handling of atypical and OOS results; 452 

n. data governance; 453 

o. the employment, handling and storage conditions of appropriate reference substances and 454 

reference materials; 455 

p. participation in proficiency testing schemes and collaborative studies, as appropriate, for 456 

the assessment of performance;  457 

[Note from the Secretariat. In the previous version of the guideline, the requirement for 

having “a policy for participation in appropriate proficiency testing schemes and collaborative 

studies and the evaluation of the performance” was “applicable to national pharmaceutical 

quality control laboratories but may be applied by other laboratories”. With the revision of the 

guideline, this requirement shall become applicable to any pharmaceutical quality control 

laboratory, be it a quality control laboratory of a pharmaceutical manufacturer, a commercial 
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laboratory, a third-party contract laboratory or a national quality control laboratory (see 

Chapter 1, General Considerations). Comments are sought on this proposal.] 

q. addressing risks and opportunities; and 458 

r. evaluation, selection, monitoring of performance and re-evaluation of select service providers 459 

and suppliers”. 460 

3.2.4 The Quality Manager should ensure the establishment, implementation and maintenance of 461 

Standard Operating Procedures (SOPs) for all administrative and technical operations, such as: 462 

a. personnel matters, including qualifications, training, clothing and hygiene (5.1); 463 

b. control of documents, records and data integrity (3.3, 3.5 and 3.6); 464 

c. change control (3.4); 465 

d. implementation and verification of corrective and preventive actions (3.7); 466 

e. internal audits (3.8); 467 

f. dealing with complaints (3.9); 468 

g. the purchase and receipt of consignments of supplies (e.g., reagents, materials) (4.1 and 469 

5.4); 470 

h. the procurement, preparation and control of reference substances and reference materials 471 

(5.5); 472 

i. the qualification of equipment, including calibration (5.3); 473 

j. preventive maintenance and verification of instruments and equipment (5.3); 474 

k. the internal labelling, quarantine and storage of materials and solutions (5.4); 475 

l. sampling, if performed by the laboratory (6.1); 476 

m. the testing of samples with descriptions of the methods and equipment used (6.5); 477 

n. validation and verification of analytical procedures (6.3); 478 

o. validity of test results (6.8); 479 

p. atypical and OOS results (6.9); 480 

q. nonconforming work (6.11); 481 

r. risks and opportunities (4.4); 482 

s. the cleaning of laboratory facilities, including bench tops, equipment, workstations, clean 483 

rooms (aseptic suites) and glassware (5.2); 484 

t. the monitoring of environmental conditions (e.g., temperature and humidity) (5.2); 485 

u. the monitoring of storage conditions (5.2); and 486 

v. the disposal of reagents, standards and samples (5.2, 6.2, 6.12 and 7). 487 

3.2.5 The key elements of a qualification and validation programme of the laboratory should be clearly 488 

defined and documented in a validation master plan. 489 
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3.2.6 The activities of the laboratory should be systematically and periodically audited to verify 490 

compliance with the requirements of the QMS through internal (3.8) and external audits. 491 

3.3 Control of documentation 492 

3.3.1 A master list identifying the current version and the distribution of documents should be 493 

established and readily available, either electronically or in paper.  494 

3.3.2 The procedures to control and review all documents (both internally generated and from external 495 

sources) should ensure that: 496 

a. each document, whether a technical or a quality document, has a unique identifier, version 497 

number and date of implementation; 498 

b.  authorized SOPs should be readily accessible at the relevant locations, either 499 

electronically or physically; 500 

c. the documents should be reviewed and updated regularly and, if required, updated; 501 

d. any invalid document is removed and replaced with the authorized, revised document 502 

with immediate effect (either electronic or paper based); 503 

e. a revised document includes references to the previous document; 504 

f. old, invalid documents are retained in the archives (either electronic or paper-based) to 505 

ensure traceability of the evolution of the procedures; any other existing copies are 506 

destroyed; 507 

g. all involved staff are trained on the new and revised SOPs; and 508 

h. all documentation, including records (either electronic or paper-based), is retained 509 

according to national legislation but for not less than five years. 510 

3.3.3 Staff should be informed when new and revised procedures enter into force. The change control 511 

system in place (3.4.1) should ensure that: 512 

a. revised documents are prepared by the initiator, or a person who performs the same 513 

function, reviewed and approved at the same level as the original document and 514 

subsequently released by the quality manager (quality unit); and 515 

b. staff acknowledge that they are aware of applicable changes and their date of 516 

implementation by a signature (electronic or manual) or by an alternative mechanism. 517 

3.3.4 Detailed recommendations are provided in the WHO guideline on data integrity (4) and should 518 

be implemented. 519 

3.4 Change control 520 
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3.4.1 The laboratory should have an SOP to manage changes. Steps in the procedure should include 521 

the assessment of impact, gaps, risk and opportunities. Request for changes should be reviewed 522 

and implemented only after approval by the responsible persons. Records should be kept. 523 

3.4.2 When changes are required, necessitated by, for example, improvement to or introduction of new 524 

method or relevant procedure, increase or decrease in work-load, range of laboratory activities, 525 

staffing levels, these should be approved and monitored by senior management. 526 

3.4.3 If relevant, change processes should also be addressed as part of management review (3.10), 527 

enabling monitoring by senior management. 528 

3.4.4 The Quality manager should ensure that changes are documented, assessed for impact, approved, 529 

planned, implemented and reviewed. 530 

3.4.5 Staff should acknowledge by signature that they are aware of applicable changes and their date 531 

of implementation. 532 

3.5 Control of records 533 

3.5.1 Identification, collection, indexing, retrieval, storage, access, maintenance and disposal of all 534 

quality and technical/scientific records should be described in the applicable procedure.  535 

3.5.2 All original observations, including calculations and derived data, calibration, validation and 536 

verification records and final results, should be retained according to national legislation or 537 

contractual agreements, but for not less than five years.  538 

3.5.3 The records should include the data recorded in the analytical worksheet by the technician or 539 

analyst on consecutively numbered pages with references to the appendices containing the 540 

relevant recordings (e.g., chromatograms and spectra, if applicable, either in paper or electronic 541 

mode). 542 

3.5.4 The records for each test should contain sufficient information to permit the tests to be repeated 543 

and/or the results to be re-calculated, if necessary. The records should include the identity of the 544 

personnel involved in the sampling, preparation and testing of the samples.  545 

3.5.5 The records of samples to be used in legal proceedings should be kept according to the applicable 546 

legal requirements. 547 

3.5.6 A data and information management system, which is either paper-based, or software-based (e.g., 548 

a Laboratory Information Management System, LIMS) that ensures traceability of operations, 549 

should be in place. Access to stored electronic data should be restricted to authorized personnel. 550 
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3.5.7 Samples tested in the laboratory shall be retained for a shelf-life plus one year for a 551 

pharmaceutical product on the market and 15 years for an investigational product unless national 552 

regulations are more stringent or contractual arrangements do not require otherwise. 553 

3.5.8 All quality and technical/scientific records (including analytical test reports, certificates of 554 

analysis and analytical worksheets) should be legible, readily retrievable, stored and retained 555 

within a secure depository with controlled access which provides a suitable environment 556 

preventing damage or deterioration and/or loss.  557 

3.5.9 The conditions under which all original records are stored should be such so as to ensure their 558 

security and confidentiality and access to them should be restricted to authorized personnel. 559 

Electronic storage and signatures are employed but with restricted access and in conformance 560 

with requirements for electronic records (4-12). 561 

3.5.10 Quality management records should include reports from internal (and external, if performed) 562 

audits, inspections and management reviews, risk assessment, as well as records of all complaints 563 

and their investigations and records of possible corrective and preventive actions. 564 

3.5.11 Detailed recommendations are provided in the WHO guideline on data integrity (4) and should 565 

be implemented. Additional guidance on implementation can be found in the GEON guideline 566 

on Management of documents and records (5). 567 

3.6 Control of data 568 

3.6.1 A master plan should be prepared for the validation of any information system used for collection, 569 

processing, recording, reporting, storage or retrieval of data. Any validation report, to 570 

demonstrate suitability for use, should be prepared, approved by the Quality manager and 571 

available to the staff concerned. A Standard Operating Procedure (SOP) should be available 572 

which describes the use of a LIMS and/ or paper/electronic based recording system, access rules 573 

and the periodicity and type of backup, either cloud-based or on another server, including the 574 

restoration of data, should be implemented. 575 

3.6.2 Commercial off-the-shelf software in general use within its designed application range can be 576 

considered to be sufficiently validated. 577 

3.6.3 The laboratory should authorize, document, and validate any changes before implementation, 578 

which includes laboratory software configuration or modifications to commercial off-the-shelf 579 

software. Where applicable, a validation report should be available.  580 

3.6.4 The information systems should be: 581 
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a. protected from unauthorized access to ensure data integrity (i.e. using individual access 582 

login and password); 583 

b. safeguarded against tampering and loss; 584 

c. operated in an environment that complies with provider or laboratory specifications; and 585 

d. capable of recording system failures and the appropriate immediate and corrective 586 

actions. 587 

3.6.5 The Quality Manager should ensure that for test data in computerized systems: 588 

a. electronic data is protected from unauthorized access and an audit trail is maintained; 589 

b. computer software developed by the user is documented in sufficient detail and 590 

appropriately validated or verified as being suitable for use; 591 

c. computers and automated equipment are maintained so as to function properly and are 592 

provided with the environmental and operating conditions necessary to ensure the 593 

integrity of test data; and 594 

d. electronic data is backed up at appropriate regular intervals, is retrievable and stored 595 

suitably to prevent data loss. 596 

3.6.6 Electronic forms, prepared from modifications to commercial off-the-shelf software, should be 597 

duly validated and their validation should be described in a validation report (12). 598 

3.6.7 When a LIMS is managed and maintained off-site or through an external host, it should be 599 

ascertained that the host of the system complies with all applicable requirements of this 600 

document. 601 

3.6.8 Further information (4) can be consulted. Further guidance on the validation of data-processing 602 

equipment can be found in other sources (7, 9-12). 603 

3.7 Corrective and preventive actions 604 

3.7.1 The laboratory should investigate any deviation or non-conformity reported by an analyst, or 605 

otherwise found, conduct a root cause analysis with the analyst to identify the problem(s) found 606 

and take the appropriate action to rectify the non-conformity. 607 

3.7.2 The Quality Manager should: 608 

a. define the responsible person(s) for any action deemed necessary and establish timelines 609 

for implementation, 610 

b. review the effectiveness of any corrective action taken to eliminate the problem,  611 

c.  evaluate any risks and opportunities which were identified, and. 612 
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d. prepare a report to include evidence of the nature of the deviations, determined cause(s), 613 

any subsequent actions taken, and the results of any corrective action implemented, 614 

recorded and retained.  615 

3.7.3 A critical analysis of the deviations/nonconformities detected by the laboratory and their impact 616 

in the management system and the risks and opportunities identified by the laboratory, should be 617 

performed on a regular basis (3.10). 618 

3.7.4 Any situation which may lead to a potential deviation/nonconformity should be adequately 619 

addressed, similar to 3.7.3, leading to a preventive action. Preventive actions can be treated as a 620 

risk or as an opportunity, depending on the type of potential impact of the action (4.4). 621 

3.7.5 Any actions arising from handling nonconforming work (6.11) are to be addressed as described 622 

in 3.7.1 to 3.7.4. 623 

3.8 Internal audits 624 

3.8.1 The quality manager is responsible for organizing internal audits addressing all relevant elements 625 

of the QMS which comprises the following actions: plan, establish, implement and maintain an 626 

audit programme including the frequency, methods and responsibilities, which also takes into 627 

consideration the importance of the laboratory activities concerned, changes affecting the 628 

laboratory, and the results of previous audits. 629 

3.8.2 An SOP should be established and incorporate a detailed procedure for the planning and 630 

performance of the audits: 631 

a. ensure that internal audits are planned and scheduled periodically by the Quality Manager 632 

(at least once a year) to allow for systematic audits; 633 

b.  define the scope for each audit and use risk-based criteria to determine the most critical 634 

activities to be audited, including the implementation of corrective and preventive actions 635 

after the last audit, if relevant; 636 

c. ensure that audits are carried out by the Quality Manager assisted by trained personnel 637 

who are independent from the activity to be audited  638 

d. ensure that the results of the audits (audit conclusion) are reported to relevant management 639 

and communicated to staff; 640 

e. Implement appropriate corrective and preventive actions without undue delay should non-641 

compliance(s) have been identified; and 642 

f. retain records as evidence of the implementation of the audit programme and the audit 643 

results. Laboratories may also be subject to audits to assess their procedures and systems 644 
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by external auditors (e.g., medicine inspectorate for manufacturers, peer review and/ or 645 

ISO accreditation for NQCLs.) Participation in an appropriate externally organised QAS 646 

for NQCLs should, also, be undertaken (e.g., WHO EQAAS). Audit reports should be 647 

reported and discussed at the Management Review. 648 

3.9 Complaints 649 

3.9.1 The handling process for complaints should be co-ordinated by the Quality Manager and 650 

comprise, as a minimum, the following: 651 

a. a description of the process for receiving, verifying, investigating, tracking and deciding 652 

what actions are to be taken in response to a submitted complaint; 653 

b. assurance that the appropriate action is taken to resolve the complaint, if needed; 654 

c. verification that the whole process is documented and fully traceable; and 655 

d. the complainant should be informed of the outcome of the investigation performed. 656 

3.9.2 Where possible, the process should include a member of the staff not directly related with the 657 

matter of the complaint. The Quality Manager should ensure that all the necessary information is 658 

collected, verified, and recorded and inform the complainant of the outcome of the process. 659 

3.10 Management review 660 

3.10.1 Laboratory management review(s) should be convened at planned intervals (at least annually) to 661 

monitor the effectiveness of the management system. 662 

3.10.2 Senior management consisting, as a minimum, of the responsible management board director, 663 

the Laboratory Director and the Quality Manager should ensure that the decisions taken 664 

previously have had the expected impact on the laboratory’s activities and resources. 665 

Additionally, planning for the following period should be undertaken to allow for its continuing 666 

suitability, adequacy, and effectiveness of the laboratory 667 

3.10.3 The minutes of the management review record all decisions and actions related, at least, to the 668 

effectiveness of the QMS, improvement of the laboratory activities, required resources and 669 

necessary improvements. 670 

3.10.4 The minutes of the management review should include information related, at least, to the 671 

following: 672 

a. suitability of policies and procedures;  673 

b. fulfilment of objectives; 674 
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c. status of actions from previous management reviews; 675 

d. changes in internal and external factors that have impact in the laboratory; 676 

e. outcome of internal and external audits or inspections and any follow-up required to 677 

correct any deficiencies; 678 

f. changes in the laboratory activities (type, volume, range); 679 

g. adequacy of resources (human, financial, material); 680 

h. training programme; 681 

i. feedback from customers and staff; 682 

j. outcome of complaints received; 683 

k. corrective and preventive actions; 684 

l. effectiveness of any implemented improvements; 685 

m. follow-up and monitoring of identified risks and opportunities; 686 

n. outcomes of the assurance of the validity of results, such as the results of external quality 687 

control (collaborative studies and/or proficiency tests) and any investigations carried out 688 

as doubtful or unsatisfactory results obtained; 689 

o. results of trend analysis; and 690 

p. atypical and OOS results. 691 

3.11 Improvement 692 

3.11.1 The laboratory should identify and select opportunities for improvement and implement any 693 

necessary actions. These opportunities can be identified through review of policies, procedures 694 

and objectives, audit and inspections results, corrective and preventive actions, risk assessment, 695 

management review, staff suggestions, analysis of data and trends and proficiency testing results. 696 

3.11.2 The laboratory should request feedback from its customers, for instance, using customer 697 

satisfaction surveys, communication records and review of reports. This information should be 698 

used as an improvement tool. 699 

4 Planning and strategic management 700 

4.1 Externally provided services and supplies 701 

4.1.1 The process for the selection and purchase of products and services which are required by the 702 

laboratory should be described. Products, for example, measurement materials (CRM/RM), 703 

chemical and biological reference substances (CRS and BRS), equipment, reagents, and services, 704 

for example, calibration, qualification, sampling, testing, maintenance, proficiency testing 705 

schemes and assessment and auditing should be included. 706 
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4.1.2 The laboratory should record: 707 

a. the review and approval of the laboratory’s requirements for externally provided supplies 708 

and services; 709 

b. the definition of the criteria for evaluation, selection, monitoring of performance and re-710 

evaluation of the external providers; 711 

c. the evaluation of suppliers of critical supplies and services which affect quality of testing, 712 

and list approved suppliers whenever applicable, which have been demonstrated to be of 713 

a suitable quality with respect to the requirements of the laboratory; and 714 

d. any actions taken arising from evaluations, monitoring of performance and re-evaluations 715 

of the external providers. 716 

4.1.3 The laboratory should communicate its requirements to external providers for: 717 

a. the products and services to be provided and their acceptance criteria; 718 

b. competence (if applicable), including any required qualification of personnel; and 719 

c. activities that the laboratory, or its customer, intend to perform at the external provider's 720 

premises. 721 

4.1.4 The laboratory should prepare a master list of external qualified suppliers for the products and 722 

services considered to be essential for NQCLs.  723 

4.2 Review of tenders and contracts  724 

4.2.1 The procedure established by the laboratory (customer) for the review of requests, tenders and 725 

contracts should ensure that: 726 

a. the requirements are adequately defined and documented; 727 

b. the contract laboratory or a contracted organization has the capability and resources to 728 

meet the requirements; 729 

c. the appropriate methods or procedures are selected which are capable of meeting the 730 

requirements of the laboratory and suitable for the samples to be tested; and 731 

d. the contract laboratory informs the laboratory when the method requested is considered 732 

to be inappropriate or out-of-date and provides any clarification to the customer’s request. 733 

4.2.2 There should be a written contract which clearly establishes the duties and responsibilities of 734 

each party, defines the contracted work and any technical arrangements made in connection with 735 

it, which may include monitoring the contract laboratory’s performance in relation to the work 736 

performed. 737 
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4.2.3 Any differences between the request or tender and the contract are resolved before laboratory 738 

activities commence and each contract is acceptable both to the contract laboratory and the 739 

customer. Deviations requested by the customer should not compromise the integrity of the 740 

contract laboratory or the validity of the results. 741 

4.2.4 The customer should be informed and agree to any deviation from the contract. 742 

4.2.5 If there is a need for an amendment to the contract after the work commenced, the contract should 743 

be reviewed again, and the affected personnel of the contract laboratory should be informed. 744 

Records of reviews should be retained. 745 

4.2.6 Records of relevant discussions with a customer relating to the customer's requirements or the 746 

results of the contract laboratory activities should be retained. 747 

4.2.7 When subcontracting is performed: 748 

a. only organizations approved for the type of activity required should be addressed; 749 

b. the contract should allow the laboratory to audit the facilities and competencies of the 750 

contracted organization and ensure the access of the laboratory to records and retained 751 

samples; 752 

c. the contract laboratory should inform and gain approval from the customer about the 753 

specific activities to be performed; and 754 

d. the contracted organization should not pass to a third party any work entrusted to it under 755 

contract without the laboratory’s prior evaluation and approval of the arrangements. 756 

4.2.8 The laboratory is responsible for periodically assessing the competence of any contracted 757 

organization. 758 

4.2.9 The laboratory should maintain a register of all subcontractors that it uses and a record of the 759 

assessment of the competence of subcontractors. 760 

4.2.10 The laboratory takes the responsibility for all results reported, including those supplied by the 761 

subcontracting organization. 762 

4.3 Performance management 763 

4.3.1 The laboratory management review should set objectives, performance indicators and measurable 764 

targets for its activities, for a specific time-frame, which should be monitored regularly and, if 765 

necessary, appropriate actions are taken. The objectives should be SMART: Specific, 766 

Measurable, Achievable, Relevant and Time-based. Some examples of performance indicators 767 
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are the number of products tested versus the number of products planned to be tested, the 768 

percentage of complaints resolved within the given timeframe or the percentage of analytical test 769 

reports issued within a specific time frame. 770 

4.3.2 If the laboratory is part of an organization, such as a National Regulatory Authority, the 771 

objectives and targets should be fully aligned with the mission, vision and strategic goals of the 772 

organization, and are expected to be translated into operational plans and individual staff 773 

objectives (3). 774 

4.3.3 The laboratory should monitor the technical performance regularly with regards to: 775 

a. the competence of personnel (5.1); 776 

b. the validity of test results (6.8), in particular the regular assessment of the performance 777 

related to the participation in a proficiency test scheme; and 778 

c. nonconforming work (6.11), and their impact in terms of risk management. 779 

4.4 Quality Risk management 780 

4.4.1 The laboratory should have a formal, well-established approach to risk management, involving 781 

the identification, assessment, treatment, prioritization, continuous monitoring and review of 782 

risks. It should consider the potential impact of all types of risks associated with processes, 783 

activities, stakeholders, products and services and define tasks to minimize, monitor and control 784 

the probability and/or impact of unfortunate and undesired events and of potential failures (13).  785 

Two primary principles of quality risk management are: 786 

a. the evaluation of the risk to quality should be based on scientific knowledge and, 787 

ultimately, link to the protection of the patient; and  788 

b. the level of effort, formality and documentation of the quality risk management process 789 

should be commensurate with the level of risk. 790 

4.4.2 The laboratory should establish, whenever possible and if applicable, an interdisciplinary team, 791 

led by the Quality Manager, including experts from different areas to coordinate, facilitate and 792 

improve science-based decision-making with respect to risk, whether they are general risks for 793 

the laboratory or risks related with analytical testing. Possible steps to initiate and plan a quality 794 

risk management process may include: 795 

a. defining the risk (or opportunity), including the potential cause for the event identified; 796 

b. assembling background information on the potential impact (either positive, opportunity 797 

or negative risk); and 798 
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c. specifying a time-line, deliverables and an appropriate level of decision-making for the 799 

risk management process. 800 

4.4.3 The laboratory should plan: 801 

a. actions to address the risks and opportunities identified (4.4.1) which should be 802 

appropriate to the potential impact on the validity of laboratory results or any laboratory 803 

activities (this can include identifying and avoiding threats, eliminating the risk source, 804 

changing the likelihood of loss or consequences, adopting new practices, using new 805 

technologies, among many other options); 806 

b. how to integrate and implement these actions into its management system; and 807 

c. how to evaluate the effectiveness of these actions. 808 

4.4.4 The process of identification and treatment of risks and opportunities should be recorded, 809 

monitored and duly reviewed on a regularly basis by senior management during management 810 

review (3.9). 811 

4.4.5 The risks and opportunities identified and monitored should be communicated to staff in an 812 

adequate manner. 813 

4.5 Crisis management 814 

4.5.1 There are specific concerns about ensuring the correct and efficient functioning of the laboratory 815 

at all times, which are dependent on suitable planning and budgeting to obtain the necessary 816 

resources (maintenance of infrastructure and energy supply, as well as securing the continuity of 817 

laboratory activities). Business Continuity Planning allows the laboratory to take effective 818 

measures when issues or an incident arise, enabling management of those issues and providing 819 

continuity of business. Thus, key functions of the business, in particular key public health 820 

functions, can be fully recovered in the shortest possible time at acceptable costs. 821 

4.5.2 The laboratory should establish and document system of prevention and recovery in the event of 822 

an unplanned disruption in service which should guarantees an employee’s security and allows 823 

them to continue performing their work. 824 

4.5.3 The established system or plan is preventive, hence defined in advance, potentially allowing for 825 

business processes, assets and personnel to be protected and able to function quickly in the event 826 

of a significant disruption, such as a natural disaster (fire, flood, weather-related events), a cyber-827 

attack or a pandemic. The documented recovery plan should include: 828 

a. inputs from key stakeholders and personnel; 829 
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b. the definition of critical activities, which will determine key resources, such as IT, 830 

infrastructure, key personnel, among others; 831 

c. the performance of a risk analysis to establish any risk which can affect the laboratory’s 832 

activities, and the impact of those risks. The implementation of measures to mitigate the 833 

risks and recover activities which are identified as critical to the organization, which 834 

should be tested for efficacy and reviewed periodically to ensure that it is up-to-date; and 835 

d. where possible establishing, a continuity team of adequately trained members (see section 836 

6.5), responsible to establish and implement appropriate planning and recovery strategies 837 

and to adopt and when necessary, adapt them. 838 

4.5.4 Recovery strategies for information technology should be developed, such as keeping or 839 

implemented manual workflows so that the activities will continue while computer systems are 840 

being restored. An IT disaster recovery plan should be defined. 841 

4.5.5 The laboratory should test the business continuity plan established, e.g., by simulation, to confirm 842 

its suitability for the intended purpose. 843 

4.5.6 Other departments within the organization (if applicable) and stakeholders should be informed 844 

whenever a situation capable of presenting a risk to public health occurs and the remedial actions 845 

taken. 846 

4.6 Communication management 847 

4.6.1 The laboratory should ensure that staff and stakeholders are informed and are aware of the results 848 

of performance monitoring (4.3), either from management review (3.9 and 4.3.1), or from other 849 

monitoring tools (4.3.2). 850 

4.6.2 A laboratory that is part of an organization, such as a National Regulatory Authority or 851 

manufacturing company, should have communication channels with other parts of the 852 

organization that are defined and established to facilitate decision-making processes and other 853 

relevant processes (4.5.6). 854 

  855 
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5 Resources 856 

5.1 Personnel 857 

5.1.1 Personnel with the necessary education, training, technical knowledge, and experience for their 858 

assigned functions should be employed either permanently or under contract. The competence 859 

requirements for personnel for each function should be documented. The laboratory should have 860 

procedures and criteria for selecting and assessing the competence of the personnel in accordance 861 

with the QMS. 862 

5.1.2 The job descriptions should be in place for all personnel involved in tests and other laboratory 863 

activities, for example, calibrations, validations, verifications, qualifications and maintenance. 864 

The laboratory should maintain records of the competencies of the personnel, including their 865 

education, qualification, training, and experience. 866 

5.1.3 The laboratory should have the following managerial and technical personnel. 867 

a. A laboratory manager (or director or head of the laboratory) who should have appropriate 868 

qualifications to the position, with extensive experience in a supervisory role in medicines 869 

analysis in a pharmaceutical quality control laboratory, in the regulatory sector or in 870 

industry. Its experience should enable it to assume full responsibility for all operations, 871 

including analytical, organisational, administrative and educational. This person is also 872 

responsible for ensuring that: 873 

i. key members of the laboratory staff have the requisite competencies appropriate 874 

for their required functions and their grades reflect their responsibilities; 875 

ii. the adequacy of existing training procedures for staffing, is reviewed periodically 876 

iii. the technical management is adequately supervised; and 877 

iv.  the certificates of analysis, analytical test reports and other important reports and 878 

protocols are approved. 879 

b. The laboratory director could be supported and complemented by one or more technical 880 

managers, with extensive experience in medicines analysis in a pharmaceutical quality 881 

control laboratory (for instance, in microbiological testing), which would have the full 882 

responsibility for the analytical operations and for direct management and supervision of 883 

the team of analysts. 884 

c. The laboratory should have a Quality Manager who shall have responsibility and authority 885 

to implement and ensure compliance with the Quality Management System and quality 886 

control activities. Preferably, the Quality Manager should remain independent from 887 

routine laboratory analytical activities, depending on the size of the laboratory. The QM 888 
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organizes internal audits of various laboratory activities, with the participation, 889 

preferably, of another member of staff, according to a schedule approved during the 890 

Management Review. The QM ensures that: 891 

i. personnel operating specific equipment, instruments or other devices are competent 892 

for the tasks they are performing; 893 

ii. personnel involved in tests and/or calibrations, validations or verifications are 894 

competent for the tasks they are performing; 895 

iii. regular in-service training programmes to update and extend the skills of both 896 

analysts and technicians are arranged; 897 

iv. the laboratory participates regularly in suitable proficiency testing schemes and, 898 

whenever possible, collaborative studies; 899 

v. SOPs are prepared, approved and are available for all activities of the laboratory; 900 

and 901 

vi. the safekeeping and control of substances subject to poison regulation or to the 902 

controls applied to narcotic, psychotropic and radioactive substances and which 903 

should be stored under lock and key, and handled, and used in designated place 904 

under the supervision of an authorized person. 905 

d. Qualified analysts, which normally should be graduates in pharmacy, analytical 906 

chemistry, or other relevant subjects, with the requisite knowledge, skills and ability to 907 

adequately perform the tasks assigned to them by managers. Appropriately qualified and 908 

experienced analysts, with a thorough understanding of the Management System 909 

including the review, interpretation and reporting of test results, the maintenance of an 910 

internal chain of custody, and proper implementation of corrective and preventive actions 911 

in response to analytical problems should also be available to serve as laboratory 912 

supervisors. 913 

e. Technical staff should hold diplomas in their subjects awarded by technical or vocational 914 

schools. 915 

5.1.4 Staff undergoing training should be appropriately supervised and assessed upon completion of 916 

the training. This assessment should be fully documented. 917 

5.1.5 The laboratory should authorize personnel to perform specific laboratory activities. Only 918 

sufficiently qualified/trained personnel should be allowed to perform specific laboratory 919 

activities. 920 

5.1.6 The laboratory should have documented procedures and criteria for the continuous assessment of 921 

competence of personnel. 922 
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5.1.7 The laboratory should provide training/requalification of personnel. 923 

5.1.8 The laboratory should maintain a list or a matrix of the competencies of each staff member, 924 

documented procedures and criteria for the continuous assessment of personnel competence 925 

which may include, for example: 926 

a. performance of specific tests (i.e., pH, density, dissolution); 927 

b. verification and review of results; 928 

c. performance of analytical equipment qualification; 929 

d. preparation and management of laboratory solutions; and 930 

e. preparation of SOPs (at the request of the QM). : 931 

5.1.9 The Laboratory Director is responsible for:  932 

a. the consignment of samples to specific units; and 933 

b. approval of analytical test reports and certificates of analysis. 934 

5.1.10 Supervisor analyst is responsible for:  935 

a. review of all analytical data to ensure the validity of the test result(s) to check the work 936 

performed and results obtained by the technician or analyst; 937 

b. general technical activities which, by definition, are performed by the technical 938 

management, such as the review of technical documents (e.g., analytical test reports and 939 

certificates of analysis), as long as this activity is delegated; and 940 

c. the implementation and execution of specific tests or analytical techniques requiring 941 

advanced technical training and knowledge, including verifying and reviewing raw data 942 

and analytical worksheets. 943 

5.1.11 The laboratory should have an appropriate training schedule for staff, in particular to the ones 944 

responding to the technical and managerial needs of the laboratory. Inputs to the training plan 945 

can be gathered from internal audits, management review, from risks and opportunities, as well 946 

as other options available. On successful completion of training, the result(s) of evaluation should 947 

be recorded and available, and the name of the staff member be added to the competency matrix 948 

/master list. 949 

5.2 Premises 950 

5.2.1 The requirements for facilities intended for the laboratory activities should be documented and 951 

should be of a suitable size, construction and location. 952 
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5.2.2 Premises should adequately accommodate the features required of a medicine testing laboratory 953 

and such as to minimise the risk to the health of staff and the quality of the analytical results. 954 

5.2.3 Appropriate entrance and sample reception areas must be provided for staff, visitors and samples. 955 

5.2.4 Rest and refreshment rooms and toilets should be separate from laboratory areas. 956 

5.2.5 Changing areas should be easily accessible and appropriate for the number of users. 957 

5.2.6 The laboratory storage facilities should be organized for the correct storage of samples, reagents 958 

and equipment. Separate storage facilities should be maintained for the secure storage of samples, 959 

retained samples, reagents and laboratory accessories, reference substances and reference 960 

materials. 961 

a. Storage facilities should be equipped to store material at the appropriate temperature and 962 

humidity conditions to maintain stability, if necessary, under refrigeration (2–8 °C) and 963 

frozen (-20 °C) and securely locked. 964 

b. Reagents, reference substances and samples subject to poison regulations, or to the 965 

controls applied to narcotic and psychotropic substances, should be clearly marked and 966 

be kept separately in locked cabinets, in accordance with national legislation. A 967 

designated responsible member of staff should have the responsibility for the safekeeping 968 

of any of these reagents when in the workplace, to maintain a register of these substances 969 

and to control their use. 970 

c. The head of each unit should accept personal responsibility for the safekeeping of any of 971 

these reagents kept in the workplace. All specified storage conditions should be 972 

controlled, monitored and records maintained. Access should be restricted to designated 973 

personnel. 974 

d. The appropriate safety procedures should be drawn up and rigorously implemented 975 

wherever toxic or flammable reagents are stored or used. 976 

e. The laboratory should provide appropriate separate storage rooms for storing flammable 977 

substances, fuming and concentrated acids and bases, volatile amines, self-igniting 978 

materials, such as metallic sodium and potassium. 979 

f. Small stocks of acids, bases and solvents may be kept in the laboratory. 980 

g. Gases can come from installed generators, external gas tanks stored outdoors, in a well-981 

ventilated area, preferably isolated from the main building. Wherever possible, gas bottles 982 

in the laboratory are to be avoided but if gas bottles are present in the laboratory, they 983 

should be safely secured. However, it is recommended to install gas generators. 984 

5.2.7 The laboratory should be equipped with adequate instruments and equipment, including work 985 
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benches, work stations and fume hoods. Separate instrument rooms for different measurement 986 

techniques should be available. There should be adequate safety equipment appropriately located 987 

and measures should be in place to ensure good housekeeping and cleaning routines. 988 

5.2.8  Weighing areas should have adequate environmental conditions of which temperature and 989 

humidity are controlled. 990 

5.2.9 Where necessary, cytotoxic substances preparation room should be equipped with, for example, 991 

isolator, laminar flow work bench, to handle, weigh, and manipulate genotoxic (and highly toxic) 992 

substances. Appropriate procedures should be in place to avoid exposure and contamination of 993 

the staff. 994 

5.2.10 Archive facilities should be provided to ensure the secure storage and retrieval of all documents. 995 

The design and condition of the archives should be such so as to protect the contents from 996 

deterioration. 997 

a. Records should be kept in a secure room with access restricted to senior personnel. 998 

b. Electronic records should be retained, and duplicate copies saved to an external 999 

server/cloud. 1000 

5.2.11 The environmental conditions, including lighting, energy sources, temperature, humidity and air 1001 

pressure, should be appropriate to the functions and operations to be performed. The laboratory 1002 

should ensure that the environmental conditions are monitored, controlled and documented. 1003 

5.2.12 Procedures should be in place for the safe removal of types of waste including toxic waste 1004 

(chemical and biological), reagents, samples, solvents and air filters. 1005 

5.3 Equipment, instruments and other devices 1006 

5.3.1 The laboratory should have the required apparatus, equipment, instruments, or instrument system 1007 

used in pharmacopoeial analyses (analytical equipment) for the correct performance of the tests 1008 

and related activities. 1009 

5.3.2 A list of equipment considered by the Expert Committee to be adequate, either for a first-stage 1010 

or medium-sized pharmaceutical quality control laboratory, is provided in Appendix 1. 1011 

5.3.3 All analytical equipment should be fit-for-its intended purpose. To demonstrate this, the EQ 1012 

approach is recommended. 1013 

5.3.4 The EQ process can be described in terms of the following stages: Design Qualification (DQ), 1014 

Installation Qualification (IQ), Operational Qualification (OQ), and Performance Qualification 1015 
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(PQ). 1016 

5.3.5 The applicability of each stage of EQ will vary during the lifetime of the equipment; it depends 1017 

on its role in the measurement process. All four stages will apply to the purchase of a new 1018 

equipment. Aspects of DQ and IQ may need to be repeated following major changes (see Change 1019 

Control in points 5.3.16 – 5.3.19). PQ, and many aspects of OQ, should be carried out throughout 1020 

the entire lifecycle of the equipment. 1021 

5.3.6 The level of EQ must comply primarily with pharmacopoeia requirements and should address 1022 

the intended purpose, as well as follow the manufacturers' recommendations. 1023 

5.3.7 The Laboratory is ultimately responsible for EQ. For complex equipment, the laboratory may use 1024 

a specialized service. 1025 

5.3.8 The laboratory should ensure that the EQ process meets compliance requirements, that 1026 

qualification processes are being followed and supported by complete, valid, and documented 1027 

data. 1028 

5.3.9 The laboratory should ensure that the supplier of the equipment provides documents, tools, and 1029 

services to assist EQ and, in particular, to provide clear instructions and details of tests required 1030 

to demonstrate satisfactory performance, either they are performed by the laboratory or by the 1031 

supplier or other external service provider. Such testing should remain under the control of the 1032 

laboratory. The laboratory should also ensure that the supplier or an external service provider 1033 

delivers necessary training, maintenance, repair and installation support. 1034 

5.3.10 The laboratory should establish a policy for when equipment should be serviced (i.e., subject to 1035 

maintenance, calibration, and EQ testing). It must be clearly described for each type of analytical 1036 

equipment in use: 1037 

a. the regularity of any kind of service; and 1038 

b. the events after which any kind of service is necessary. 1039 

5.3.11  An EQ plan / matrix should be available, to allow a clear overview of which are the equipment 1040 

which undergo any type of intervention, if it is performed by staff or by an external service 1041 

provider and when this intervention will take place. The laboratory should keep track of the 1042 

interventions which were performed and when they were performed and in case there is a 1043 

significant deviation from the established schedule, it should be addressed under 3.7. 1044 

5.3.12 A preventive maintenance schedule should be included in a specific plan, or in an equipment 1045 

qualification and maintenance plan. These activities can be performed by the laboratory or 1046 
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entrusted to a competent organization and must be followed by appropriate EQ tests. 1047 

5.3.13  All calibrations or qualifications of equipment should be (where relevant and possible) traceable 1048 

to an appropriate reference, e.g., certified reference materials and / or to the national or 1049 

international standards such as the International System of Units (SI). 1050 

5.3.14 Direct evidence of traceability is less important for parameters for which stability during analysis 1051 

is critical rather than accuracy (e.g., mobile phase flow rates, for which stability is controlled by 1052 

a system suitability test). 1053 

5.3.15  For qualification or calibration of analytical equipment, suitable reference substances or 1054 

reference materials should be used. 1055 

5.3.16 A change control process should be assured by the laboratory to guide the assessment, execution, 1056 

documentation, and approval of any changes to the analytical equipment. Senior analysts should 1057 

assess the effects of changes to determine what, if any, requalification activities are required. 1058 

5.3.17 The typical changes, after which analytical equipment should undergo the appropriate 1059 

requalification are: 1060 

a. movement or relocation of the equipment; 1061 

b. interruption to services or utilities; 1062 

c. repair or maintenance (including preventive); 1063 

d. modifications; 1064 

e. change of purpose/use; and 1065 

f. analytical results which, after a suitable investigation, indicate that the EQ is no longer 1066 

valid. 1067 

5.3.18 Analytical equipment, shown to be defective, or outside specified limits, should be taken out of 1068 

service and clearly labeled or marked. It should not be used until they have been repaired and 1069 

requalified. 1070 

5.3.19 Each stage of the qualification process involves the same general approach to the EQ 1071 

documentation: the preparation of a qualification plan (can be combined with protocol) defining 1072 

the scope of qualification (e.g. the tests to be performed and the acceptance criteria); the 1073 

execution of the plan (during which the results of the tests are recorded on a work-sheet by a 1074 

competent analyst as the tests are performed); and the production of a report (and, if required, a 1075 

certificate) in which the results of EQ are documented. 1076 

5.3.20 Specific SOPs for the maintenance and qualification of analytical equipment performed regularly 1077 
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should be established. The personnel responsible for each operation with analytical equipment 1078 

(authorized) must be clearly defined.  1079 

5.3.21 Documentation covering EQ should satisfy at least the following requirements: 1080 

a. all equipment and their modules and accessories must be uniquely identified, including:  1081 

i. the manufacturer’s name, instrument name, model, and serial number; any 1082 

identifying number allocated by the Laboratory; 1083 

ii. the location, where appropriate 1084 

iii.  the equipment manufacturer’s instructions, if available, or an indication of their 1085 

location; and 1086 

iv. the version and due date of requalification of any computer hardware, firmware 1087 

and software. 1088 

b. All analytical equipment requiring calibration should be labeled, coded, or otherwise 1089 

identified to indicate the status of calibration and the date when re-calibration is 1090 

scheduled.  1091 

c. define clearly the responsibility level of the senior analyst required to perform 1092 

maintenance, calibration and EQ;  1093 

d. provide details of each check and test to be performed, the specification and acceptance 1094 

criteria;  1095 

e. provide sufficient information on the procedures and materials required to perform each 1096 

check and test;  1097 

f. state the date on which EQ test(s) was performed and the result of qualification and each 1098 

check or test;  1099 

g. state the reason for performing qualification (e.g. following the installation of a new 1100 

equipment, following routine service, or following equipment malfunction);  1101 

h. provide clear information on the action to be taken in the event of test or qualification 1102 

failure;  1103 

i. state the circumstances which may or will necessitate re-qualification of the equipment 1104 

(e.g., following service or re-calibration); and 1105 

j. a history of any damage, malfunction, modification or repair; the name(s) and signatures 1106 

of the person who actually performed the test(s), and the name and signature of the QM 1107 

authorizing the completion of a qualification. 1108 

5.3.22 Equipment log-books should be maintained to identify the individual modules and accessories 1109 

that constitute the equipment and be used to record the overall history of the equipment (e.g. the 1110 

date of purchase, the initial qualification, and entry into service; the dates of when subsequent 1111 

maintenance, calibration, and qualification have been performed and when these are next 1112 
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scheduled. 1113 

5.3.23 The software that the laboratory uses must be appropriately validated, preferably at the same time 1114 

as the software is developed. If the laboratory is not able to control the development of the 1115 

software, it is an accepted practice to provide a software validation certificate from the 1116 

manufacturer, to ensure compliance with the requirements of the pharmaceutical sector. 1117 

5.3.24 The level of software validation is determined by its function. It is customary to distinguish 1118 

between firmware levels (lack of user access), and software that is used for Equipment Control, 1119 

Data Acquisition, and Processing. 1120 

5.3.25 For further guidance on qualification of equipment, please refer to (6, 14-17). 1121 

5.4 Reagents and materials 1122 

5.4.1 All reagents and chemicals, including solvents and materials used in tests and assays, should be 1123 

of appropriate quality and suitable for the intended use. 1124 

5.4.2 Commercial reagents should come from verified and approved external providers, preferably 1125 

certified suppliers. 1126 

5.4.3 Reagents from external providers should be accompanied by the certificate of analysis and the 1127 

material safety data sheet if required. 1128 

5.4.4 Management of the reagents must cover the entire life cycle of the reagents from 1129 

purchasing/preparation (in the case of preparations) to use and disposal. 1130 

5.4.5 The following major points should be considered in the life cycle of reagents: 1131 

a. type of reagents and the quality, depending on their use, 1132 

b. selection of the supplier based on the suppliers’ qualifications, 1133 

c. verification of reagents upon receipt, 1134 

d. labelling of the reagent (avoiding misuse/misidentification), 1135 

e. storage conditions, 1136 

f. ensuring that the reagent is not compromised in any way before being used, 1137 

g. checking the expiry dates of reagents before use (it is not necessary to document this 1138 

verification), 1139 

h. documenting the use of reagents used in analyses ensuring traceability at least to batch 1140 

number and expiry date, and 1141 

i. disposal of the reagent. 1142 
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5.4.6 For reagents purchased in their original container and purchased reagents which have been 1143 

transferred into another container, the verification on receipt should be made. 1144 

5.4.7 The verification should be made as an administrative part (a documented check of the invoice, 1145 

delivery note and the integrity of the container, including storage temperature) and a scientific 1146 

part (a documented check of the actual quality of the reagent given on the label or certificate 1147 

against the requested quality). Specific in-house testing may be required for some reagents.  1148 

5.4.8 The level of verification should be decided by the laboratory. 1149 

5.4.9 The labelling information for all types of reagents should be recorded on the container or may be 1150 

recorded in a leaflet, register, or LIMS system (or equivalent) and should include the following 1151 

information: 1152 

a. name of the substance/reagent, 1153 

b. date of receipt and date of opening the container (or preparation date), 1154 

c. expiry date (or retest date, as justified), 1155 

d. storage conditions, if applicable, any specific protection measures (e.g., protect from 1156 

heat/light/atmosphere), 1157 

e. concentration and/or purity of the reagent, if applicable, and 1158 

f. hazard and precaution codes. 1159 

5.4.10 For purchased reagents in their original container additionally is expected the following labelling: 1160 

a. manufacturer or supplier of the substance, 1161 

b. batch number, and 1162 

c. identification: where the same batch is supplied in several containers, appropriate 1163 

identification (e.g., vials 1, 2, 3) can be indicated in the labels. 1164 

5.4.11 For purchased reagents which have been transferred into another container, additionally is 1165 

expected the following labelling: 1166 

a. name/Initials of the person who transferred the reagent, 1167 

b. batch number, 1168 

c. transfer date, and 1169 

d. identification (in cases of transfer to several vials (aliquoted), appropriate identification 1170 

(e.g., vial 1, 2, 3) should be indicated in the labels). 1171 

5.4.12 For in-house reagents (preparation of reagent solutions in the laboratory), additionally is expected 1172 

the following labelling: 1173 
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a. name/Initials of the person who prepared the reagent. 1174 

b. name and quantity of the reagents in the preparation (can be replaced by a reference, e.g., 1175 

project number). 1176 

c. titre (or concentration or standardization factor). 1177 

d. date of the determination of the titre, and 1178 

e. name/Initials of the person who determined the titre. 1179 

5.4.13 For water manufactured by the laboratory, additionally is expected the following labelling: 1180 

a. name/Initials of the person who dispensed the water, and 1181 

b. if more than one production apparatus is available, the identity of the apparatus used must 1182 

be documented. 1183 

5.4.14 For volumetric solutions, additionally is expected the following labelling: 1184 

a. name/Initials of the person who prepared the reagent, 1185 

b. name and quantity of the reagents in the preparation (can be replaced by a reference, e.g., 1186 

project number), 1187 

c. titre, 1188 

d. date of the determination of the titre, and 1189 

e. name/Initials of the person who determined the titre. 1190 

5.4.15 For the preparation of reagent solutions in the laboratory: 1191 

a. responsibility for this task should be clearly specified in the job description of the assigned 1192 

staff member, 1193 

b. SOP(s) should be used which cover the entire life cycle of the use of reagents in the 1194 

laboratory and are in accordance with published pharmacopoeial or other appropriate 1195 

standards (19).  1196 

c.  records should be kept of the preparation of reagent solutions and standardization of 1197 

volumetric solutions. 1198 

5.4.16 For the transportation and subdivision of reagents: 1199 

a. whenever possible, they should be transported in the original containers; and 1200 

b. when subdivision is necessary, suitable clean containers should be used and appropriately 1201 

labelled. 1202 

5.4.17 All reagent containers should be visually inspected to ensure that the seals are intact, both when 1203 

they are delivered to the store and when they are distributed to the units. Reagents that appear to 1204 
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have been tampered with should be rejected. 1205 

5.4.18 The appropriate grade of water for a specific test should be used as described by the 1206 

pharmacopoeias or in an approved test. 1207 

5.4.19 The quality of the water should be verified regularly to ensure that the various grades of water 1208 

meet the appropriate specifications. 1209 

5.4.20 Reagents should be stored under the appropriate storage conditions (e.g., temperature, 1210 

ventilation, fire hazard) and appropriately maintained (e.g., organised, tidy, segregated). 1211 

5.4.21 A designated staff member trained in handling chemicals safety should be responsible for the 1212 

storage facilities, their inventory and for noting the expiry date of chemicals and reagents (18).  1213 

5.4.22 The expiry period policy must be documented by the laboratory (e.g., SOP). 1214 

5.4.23 The expiry date (before opening) given by the manufacturer must be considered valid. In the 1215 

following cases, the laboratory shall determine a suitable expiry date and a justification for 1216 

assigning a new expiry date shall be documented: 1217 

a. no expiry data is provided by the supplier, and 1218 

b. when after opening/transfer, environmental conditions (e.g., air, humidity) or further 1219 

operations (e.g., dissolving a lyophilised material) affect the quality of the reagent. 1220 

5.4.24 The expiry date can be prolonged by providing scientifically sound and documented 1221 

justifications, e.g., in cases where expired reagents can be used for a special purpose. In this case, 1222 

the container must be re-labelled appropriately. 1223 

5.4.25 Reagents must be disposed of when the expiry date is exceeded or when they are no longer 1224 

required. 1225 

5.4.26 Disposal may be done at defined intervals or when the expiry date is checked prior to potential 1226 

use, as applicable. 1227 

5.4.27 Reagents must be disposed of appropriately, safely and in compliance with legal requirements. 1228 

5.5 Reference substances and reference materials 1229 

5.5.1 Reference substances are frequently necessary to ensure adequate quality control of 1230 

pharmaceutical products. 1231 

5.5.2 Reference materials are usually necessary for the calibration and/or qualification of equipment, 1232 
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instruments, or other devices. 1233 

5.5.3 Pharmacopoeial reference substances should be employed when available and appropriate for the 1234 

analysis. Otherwise,  1235 

- NQCL should use reference substances from a reputable commercial source or supplied by the 1236 

manufacturer of the pharmaceutical product approved by the national medicines licensing 1237 

authority (20) and used for the testing of a sample. The use of secondary reference substances by 1238 

NQCL is discouraged. 1239 

- the manufacturer's laboratory should establish primary reference substances. It can establish 1240 

secondary (working) reference substances traceable to primary reference substances for use in 1241 

routine analyses. Pharmacopoeial reference substances are considered primary reference 1242 

substances against which secondary (working) reference substances can be calibrated. 1243 

5.5.4 A nominated staff member should be responsible for reference substances and reference 1244 

materials. 1245 

5.5.5 An identification number should be assigned to all reference substances and reference materials. 1246 

The laboratory may exclude pharmacopoeial reference substances from this identification system 1247 

as they are fully traceable by their pharmacopoeial reference number and batch/lot number. 1248 

a. A new identification number should be assigned to each new batch. 1249 

b. This number should be marked on each vial of the reference substance. 1250 

c. The identification number, along with the validity statement, should be quoted in the 1251 

analytical worksheet each time the reference substance is used. 1252 

5.5.6 A register for all reference substances and reference materials should be maintained and contain 1253 

the following information: 1254 

a. the identification number of the substance or material; 1255 

b. a precise description of the substance or material; 1256 

c. the source; 1257 

d. the date of receipt; 1258 

e. the batch designation or other identification code; 1259 

f. the intended use of the reference substance or reference material; 1260 

g. the location of storage in the laboratory, and any special storage conditions; 1261 

h. any further necessary information (e.g., the results of visual inspections); 1262 

i. expiry date or retest date (if applicable), otherwise – the valid use-by date; 1263 

j. a certificate or leaflet of a pharmacopoeial reference substance and a certified reference 1264 
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material which indicates the use, the assigned content, if applicable, and its status 1265 

(validity); 1266 

k.  in the case of secondary reference substances or certified reference material, the 1267 

certificate of calibration or analysis; and 1268 

l. a file (paper-based or electronic) should be kept in which all information on the properties 1269 

of each reference substance is entered, including the safety data sheets. 1270 

5.5.7 The validity of reference substances and reference materials used in the laboratory should be 1271 

checked before use and the corresponding information should be included in the test report 1272 

(intended use, expiry date or retest date). The use of the pharmacopoeial reference substance for 1273 

purposes other than those specified in the pharmacopoeia is at the user’s risk, which should be 1274 

properly assessed. 1275 

5.5.8 Reference substances prepared and stored in the laboratory should be re-tested at regular intervals 1276 

to ensure that deterioration has not occurred. The interval for retesting depends on a number of 1277 

factors, including the stability of the substance, storage conditions, type of container (for single 1278 

or multiple uses), and the frequency of opening the container. If a non-compliant result is 1279 

obtained on retesting a reference substance, a retrospective check of the tests performed using 1280 

that reference substance should be carried out. For the evaluation of outcomes of retrospective 1281 

checks and consideration of possible corrective actions, a risk analysis should be applied. 1282 

5.5.9 More detailed information on the handling, storage and retesting of reference substances 1283 

established by the laboratory is given in the WHO general guidelines for the establishment, 1284 

maintenance and distribution of chemical reference substances (19). 1285 

  1286 
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6 Technical activities 1287 

6.1 Sampling 1288 

6.1.1 If the laboratory is responsible for the sampling of pharmaceutical products for subsequent 1289 

testing, a standard operating procedure, including a sampling plan, and a chain-of-custody 1290 

procedure, should be established.  1291 

6.1.2 Samples should be representative of the batches of material from which they are taken and 1292 

sampling should be carried out to avoid contamination, mix-ups or other adverse effects on the 1293 

quality of the material being sampled. 1294 

6.1.3 The laboratory shall retain records of sampling data that forms part of the testing that is 1295 

undertaken. These records shall include, where relevant: 1296 

a. reference to the sampling method used; 1297 

b. date and time of sampling; 1298 

c. data to identify and describe the sample (e.g. number, amount, name); 1299 

d. identification of the personnel performing sampling; 1300 

e. identification of the tools used for sampling ; 1301 

f. environmental or transport conditions; 1302 

g. diagrams or other equivalent means to identify the sampling location, when appropriate; 1303 

and 1304 

h. deviations, additions to or exclusions from the sampling method and sampling plan. 1305 

6.1.4 Further information is provided in WHO guidance on sampling (20) and guidance on testing of 1306 

“suspect” falsified medicines (21).  1307 

6.2 Incoming samples 1308 

Sections 6.2.1 – 6.2.2 are applicable to NQCLs. The principle of the four W’s (Who, What, When 1309 

& Where) should be applied. Chain of Custody of each sample should be recorded. 1310 

6.2.1 Samples received by a laboratory may be for compliance testing or for investigative testing. 1311 

a. Samples for compliance testing include routine samples for control, or samples submitted 1312 

in connection with a marketing authorization process. Close collaboration with the 1313 

providers of the samples is important. In particular, it is important that the quantity or 1314 

amount of sample is sufficient to enable, if required, a number of replicate tests to be 1315 

carried out and for part of the sample to be retained. 1316 
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b. Samples for investigative testing comprise suspicious, illegal, falsified or suspected 1317 

substandard pharmaceutical products (21). Well-documented screening procedures 1318 

should be in place as well as confirmatory analytical procedures to verify the identity of 1319 

the substance or the ingredient(s). If an estimation of the content of an identified 1320 

ingredient is required, then an appropriate quantitative analytical procedure should be 1321 

applied. The value obtained should be reported with an indication of the uncertainty of 1322 

measurement, if required, especially in case of borderline test results. 1323 

6.2.2 A sample should be divided into three approximately equal portions for submission to the 1324 

laboratory: one for immediate testing, the second for confirmation of testing, and the third for 1325 

retention in case of dispute. 1326 

6.2.3 A standard test request form should be completed for each sample submitted to the laboratory. In 1327 

the case of a pharmaceutical manufacturer’s laboratory, the requirements may be given in the 1328 

master production instructions. 1329 

6.2.4 The test request form should contain the following information: 1330 

a. the name of the person or institution that provided the sample and date of receipt 1331 

b. the source of the material; 1332 

c. a full description of the sample, including its composition, international non-proprietary 1333 

name (INN) and brand name(s), (if available); 1334 

d. the package and container 1335 

e. dosage form and concentration or strength, the manufacturer name and the batch/lot 1336 

number (if available); 1337 

f. the size of the sample; 1338 

g. the reason for requesting the analysis; 1339 

h. the date on which the sample was collected; 1340 

i. the size of the consignment from which it was taken, (if appropriate); 1341 

j. the expiry date or re-test date, if known; 1342 

k. reference documents and the specifications to be used for testing; 1343 

l. a record of any further comments (e.g. discrepancies found or associated hazard); and 1344 

m. the required storage conditions. 1345 

6.2.5 The laboratory should review the test request to ensure that: 1346 

a. the sample amount is sufficient for the tests requested  1347 

b. the requirements for analytical testing are adequately defined and the laboratory has the 1348 

required capability and resources to meet them; and 1349 
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c. the appropriate tests and/or methods available are capable of meeting customers’ 1350 

requirements. 1351 

Any issue should be resolved with the originator of the request for analysis before testing starts 1352 

and a record of the review should be retained. If the laboratory is responsible for deciding which 1353 

samples are to be tested, the test request form should be adapted accordingly. 1354 

6.2.6 Each sample and accompanying document (e.g., the test request) should be assigned a unique 1355 

registration number. Separate numbers should be assigned to requests referring to two or more 1356 

medicines, different dosage forms, or different batches of the same medicine or different sources 1357 

of the same batch. 1358 

6.2.7 A label bearing the unique registration number should be affixed to each container of the sample. 1359 

Care should be taken to avoid obscuring any other markings or inscriptions. 1360 

6.2.8 A register should be kept in which the following information is recorded: 1361 

a. the registration number of the sample; 1362 

b. the date of receipt; and 1363 

c. the specific unit to which the sample is to be forwarded for analysis. 1364 

6.2.9 The sample received should be visually inspected by laboratory staff to ensure that the labelling 1365 

conforms with the information contained in the test request. The findings should be recorded, 1366 

dated and signed. If discrepancies are found, or if the sample is obviously damaged, this should 1367 

be recorded without delay on the test request form. Any queries should be immediately referred 1368 

back to the provider of the sample. 1369 

6.2.10 The sample prior to testing, the retained sample and any portions of the sample remaining after 1370 

performance of all the required tests should be retained and stored appropriately. 1371 

6.2.11 The specific unit to which the sample is sent for testing is determined by the Laboratory Director 1372 

(or designee). 1373 

6.2.12 A request for analysis may be accepted verbally only in emergencies. All details should 1374 

immediately be placed on record pending the receipt of written confirmation. 1375 

6.2.13 Unless a computerized system is used, copies or duplicates of all documentation should 1376 

accompany each numbered sample when sent to the specific unit. 1377 

6.2.14 Testing should be performed as described under 6.5. 1378 
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6.3 Selection, Validation, and verification of analytical procedures 1379 

6.3.1 The analytical procedures to be used for testing, either compliance testing or investigative testing, 1380 

should be selected prior to the start of the analysis by the Laboratory. 1381 

6.3.2 All analytical procedures employed for testing should be suitable for the intended use. When a 1382 

non- pharmacopeial substance/product is to be analysed, validation of the method, to be 1383 

employed should be undertaken that (6) also serves to establish acceptance criteria for system 1384 

suitability tests which are subsequently employed for the verification of the analytical procedure 1385 

before analysis. 1386 

6.3.3 Validation should be performed according to an approved validation protocol, which includes 1387 

analytical performance characteristics to be verified for various types of analytical procedures. 1388 

Typical characteristics which should be considered are listed in Table 1 (in the development 1389 

phase of an analytical procedure, robustness, such as, the ability of the procedure to provide 1390 

results of acceptable accuracy and precision under a variety of conditions should also be 1391 

considered). The results are to be documented in the validation report. Some large-scale 1392 

pharmaceutical manufacturers control the production of products by applying Real-time Release 1393 

testing (RTRT) on the production site by applying Process Analytical Technology (PAT). Such 1394 

technology must be validated to ensure that the product meets the specification throughout the 1395 

production cycle and has been approved by the relevant licensing authority. 1396 

Table 1 - Characteristics to be consider during validation of analytical procedures 1397 

Type of analytical 
Procedure 

Identification 
Testing for impurities Assay 

Characteristics 
Quantitative 
tests Limit tests 

dissolution (measurement only) 
content/potency 

Accuracy – + – + 
Precision    + 
Repeatability – + – + 
Intermediate – +a – + 
Precision    + 
Specificity + + + + 
Detection limit – –b + – 
Quantitation limit – + – – 
Linearity – + – + 
Range – + – + 

– Characteristic is normally not evaluated; + characteristic should normally be evaluated. 1398 
a - In cases where a reproducibility study has been performed, intermediate precision is not needed. 1399 
b - May be needed in some cases. 1400 

6.3.4 Pharmacopoeial and official procedures can be considered as validated for the use described in 1401 

the monograph(s), provided the pharmacopoeia does not explicitly require the validation of the 1402 
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procedure. If validation is not required, method verification should be performed according to an 1403 

approved protocol or a procedure to demonstrate that the laboratory can successfully execute the 1404 

method and the pharmacopoeial procedure used is suitable for the sample being tested. The 1405 

laboratory should in particular confirm that,  1406 

a. for a finished pharmaceutical product no interferences arise from the excipients present 1407 

b. for an API, impurities coming from the route of synthesis are adequately differentiated.  1408 

c. the system suitability requirements are appropriately fulfilled. 1409 

d. the reporting threshold for related substances are met, 1410 

e. the recovery and the precision of the procedure are within predefined limits. 1411 

If the pharmacopoeial method is adapted for a new purpose, other than the purpose described in 1412 

the pharmacopoeia, then it should be validated for such a use. 1413 

6.3.5 System suitability tests should be performed prior to and throughout the analysis of samples to 1414 

ensure that the complete analytical system (including instrument, reagents, columns and analysts) 1415 

is continuously suitable for the intended application.  1416 

6.3.6 Verification is not required for basic pharmacopoeial methods such as (but not limited to), colour 1417 

of solution, pH determination, and wet chemical methods. However, requirements given in the 1418 

respective general chapters must be fulfilled at all times to ensure suitability for the intended use. 1419 

6.3.7 If method verification is required, but the results obtained do not comply with acceptance criteria, 1420 

then they should be considered as nonconforming work (6.11). 1421 

6.3.8 A major change to the analytical procedure, or in the composition of the product tested or in the 1422 

synthesis of the API, might require re-validation of the compendial or official analytical 1423 

procedure. 1424 

6.3.9 The performance of analytical procedures should be monitored over time throughout their life 1425 

cycle. 1426 

6.3.10 Further guidance on validation of analytical procedures is available in WHO guideline on 1427 

validation (6). 1428 

6.4 Technical records 1429 

6.4.1 The analytical worksheet, or any suitable alternative document, is an internal document to be 1430 

used by the analyst for recording information about the sample, the test procedure, calculations 1431 

and the results of testing. It includes all raw data obtained in the analysis. 1432 
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6.4.2 The analytical worksheet contains documentary evidence either to confirm that the sample being 1433 

examined is in accordance with the requirements or to support an OOS result. 1434 

6.4.3 A separate analytical worksheet should be used for each numbered sample or group of samples. 1435 

6.4.4 Analytical worksheets from different units relating to the same sample should be assembled 1436 

together after all testing times have been finished/or after the whole analysis for the sample has 1437 

been finished. 1438 

6.4.5 The analytical worksheet should provide the following information: 1439 

a. registration number of the sample; 1440 

b. page numbering, including the total number of pages (and including annexes); 1441 

c. date of the test request; 1442 

d. date(s) on which the analysis was started and completed; 1443 

e. name and signature of the analyst; 1444 

f. a description of the sample received; 1445 

g. references to the specifications and a full description of test methods by which the sample 1446 

was tested, including the limits, if applicable; 1447 

h. identification of the test equipment used; 1448 

i. reference substance(s) used (including the provider, lot number, potency/content); 1449 

j. results of the system suitability test if, applicable; 1450 

k. identification of reagents, solvents, and columns (if applicable) employed; 1451 

l. results obtained, including those obtained from another internal analytical section, or 1452 

external laboratory if applicable; 1453 

m. interpretation of the results and the final conclusions (whether or not the sample was found 1454 

to comply with the specifications), approved and signed by a senior analyst/ supervisor; 1455 

and 1456 

n. further comments, for example any deviation from a prescribed procedure which should 1457 

be approved and reported or/and treated as nonconforming work (6.11), or when a part of 1458 

the sample had been forwarded to another unit or contract laboratory for special tests and 1459 

the date on which the results were received. 1460 

6.4.6 All values obtained from each test, including blank results, should immediately be entered on the 1461 

analytical worksheet and all graphical data, whether obtained from recording instruments or 1462 

plotted by hand, should be attached or be traceable to an electronic record file or document.  1463 

6.4.7 The completed analytical worksheet should be signed by the responsible analyst(s) and reviewed 1464 

and approved by the supervising senior analyst (either in paper format or electronically). 1465 
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Calculations and data transfers should be checked in an appropriate and systematic manner. 1466 

6.4.8 Any changes made to original records, either in paper or electronic format, should be traceable: 1467 

old and new information should be visible (or possible to visualize); who was responsible; when 1468 

was it performed; and why. The deletion of data is not acceptable. 1469 

6.4.9 When a mistake is made in an analytical worksheet or when data or text need to be amended, the 1470 

correction must be traceable (as directed in 3.5.9). 1471 

6.4.10 The analytical worksheet should be archived together with the specification, any attachments, 1472 

including calculations and recordings of instrumental analyses (4). 1473 

6.4.11 Detailed recommendations are provided in the WHO guideline on data integrity (4) and should 1474 

be implemented. 1475 

6.5 Testing 1476 

Testing of production samples from pharmaceutical manufacturers may be conducted entirely in 1477 

the laboratory or for some, with high output, as a combination in-process controls, as of RTRT, 1478 

using PAT, and laboratory testing. Samples for laboratory testing are taken and analysed 1479 

throughout the production process and tested as soon as possible. Samples received by an NQCL 1480 

are stored appropriately before being included in the laboratory work-plan. 1481 

Pharmaceutical manufacturers apply testing methods which have been approved by the medicine 1482 

licensing authority whereas NQCLs apply, whenever available, the monograph of the appropriate 1483 

pharmacopoeia when testing for compliance to the specification. Otherwise, the approved testing 1484 

methods of the manufacturer are applied. 1485 

6.5.1 The sample should be stored appropriately in a dedicated sample storage facility within a 1486 

controlled environment until testing can be performed according to the work plan of the 1487 

laboratory.  1488 

6.5.2 When an unusual test is included in the specification requirements, the sample may need to be 1489 

analysed by another unit or by a contract laboratory (4.2). The responsible analyst prepares the 1490 

request and arranges for the transfer of the required number of units (bottles, vials or tablets) 1491 

from the sample. Each of these units should bear the correct registration number. When the 1492 

analytical test report contains the result (s) of the test(s) performed by a contract laboratory, these 1493 

results should be identified as such in the final report. 1494 

6.5.3 Detailed guidance on pharmacopoeial requirements is usually given in the general notices and 1495 
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specific monographs of the pharmacopeia. Test procedures should be described in detail and 1496 

should provide sufficient information to allow trained analysts to perform the analysis in a reliable 1497 

and reproducible manner. Where system suitability criteria are defined in the method, they should 1498 

be fulfilled. Any deviation from the test procedure should be approved and documented and, 1499 

where applicable, addressed as nonconforming work (6.11). 1500 

6.5.4 Compliance with internal quality control criteria should be ensured (6.11). 1501 

6.5.5 Detailed recommendations on chromatographic testing and processing are provided in the WHO 1502 

guidance on good chromatography practices (22) and should be followed. 1503 

6.6 Evaluation of test results 1504 

6.6.1 Quantitative test results, particularly those obtained in the manufacture of an FPP, should be 1505 

recorded in such a way that trends are detectable and where practical, should be reviewed and 1506 

evaluated statistically after completion of the tests. The evaluation should take into consideration 1507 

established action and rejection limits to decide if the product meets the acceptance requirement. 1508 

6.6.2  For compliance testing the product should meet all the acceptance requirements of the analytical 1509 

tests included in the approved specification. Test results are compared with the specification 1510 

limits and a conclusion is prepared as to the conformance of the test result towards the 1511 

specification.  1512 

6.6.3 Any test result should be traceable, when appropriate, to a suitable primary reference substance 1513 

or material or, if appropriate, to a certified reference material. 1514 

6.6.4 Doubtful (atypical) results should be investigated.  1515 

6.6.5  Neither pharmacopoeias nor NRAs require the Assay value found to be expressed with its 1516 

associated uncertainty, as the upper and lower limits set already take into account the uncertainty 1517 

of the measurement and, hence, no further tolerances are to be applied to the limits specified 1518 

while expressing result of investigative sample tested by the method which are not described in 1519 

a pharmacopoeia or manufacturer’s approved documentation. However, for investigative testing 1520 

to identify the active ingredient in an unknown sample, it may also be required to report the 1521 

content with its associated uncertainty  1522 

6.6.6 Test results should be reviewed and approved or rejected by a senior analyst/supervisor, 1523 

according to the competency master list/matrix (5.1.7). 1524 

6.7 Measurement uncertainty 1525 
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6.7.1 The uncertainty of measurement results is an essential component in the overall assessment and 1526 

interpretation of analytical data. Understanding and appropriately addressing the measurement 1527 

uncertainty is fundamental to ensuring the accuracy, reliability, and reproducibility of the 1528 

analytical results. 1529 

6.7.2 The application of the concept of measurement uncertainty is necessary to comply with the 1530 

requirements of ISO 17025. These requirements apply to all quantitative tests performed by 1531 

NQCLs. The evaluation of measurement uncertainty for NQCLs can be found in the OMCL 1532 

Quality Assurance Documents (24). 1533 

6.7.3 When compliance testing is conducted using pharmacopoeial analytical procedures and 1534 

analytical procedures described in the marketing authorization documentation, the ISO 17025 1535 

requirements for evaluation of measurement uncertainty are considered to be met if all sources 1536 

of uncertainty are controlled. In such cases, there is no obligation to report the measurement 1537 

uncertainty. The decision on whether to estimate and take account of the measurement 1538 

uncertainty in the statement of conformity to a specification limit rest with the laboratory and is 1539 

made on a case-by-case basis. 1540 

6.7.4 Compliance testing may be performed by internally developed analytical procedures as long as 1541 

these procedures have undergone appropriate validation for their intended use and allow for an 1542 

unquestionable decision on compliance with the specification limits, taking account of the 1543 

estimated measurement uncertainty.  1544 

6.7.5 A more thorough assessment of the measurement uncertainty should be performed, for instance, 1545 

when:  1546 

a. employing ad-hoc methods such as screening, analysis of unknown products, trace 1547 

analysis; 1548 

b. using methods with limited uncertainty information; 1549 

c.  confirming out-of-specification results, particularly if the test cannot be repeated; and 1550 

d.  establishing limits for performance tests of measurement apparatus and critical 1551 

parameters of methods. 1552 

6.7.6 If an analytical procedure is frequently employed in a laboratory and its measurement uncertainty 1553 

has already been established and verified, there is no requirement to evaluate the measurement 1554 

uncertainty for each individual result. However, the laboratory must be able to demonstrate that 1555 

the critical factors that affect the measurement uncertainty have been properly managed and 1556 

controlled. By ensuring that these influential factors are under control, the laboratory can have 1557 

confidence in the previously established measurement uncertainty and its applicability to 1558 
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subsequent results obtained using the same analytical procedure. 1559 

6.7.7 Applying the concept of measurement uncertainty to compliance testing allows for managing the 1560 

risk of making the wrong accept/reject decisions, provided the following elements of the concept 1561 

of uncertainty are implemented: 1562 

a. the decision rule on compliance of pharmaceutical products with specifications is defined; 1563 

and 1564 

b. the uncertainty of the analysis results is evaluated by the laboratory. 1565 

6.7.8 The laboratory has the discretion to conduct an assessment of the measurement uncertainty as an 1566 

internal quality control measure when deemed appropriate. 1567 

6.7.9 The pharmacopeial decision rule should be applied to all specification limits stated in the 1568 

pharmacopoeial monographs and marketing authorization documentation. 1569 

6.7.10 The pharmacopoeial decision rule is based on the following principles: 1570 

a. analytical variation typical of normal (routine) analytical practice is taken into account in 1571 

the specified limits; and 1572 

b. the decision on compliance is made only on the basis of whether the result of the analysis 1573 

meets the specified limits. No further tolerances (e.g., obtained by evaluation of 1574 

measurement uncertainty or setting the acceptance and rejection zones) should be applied 1575 

to the specified limits. 1576 

6.7.11 The pharmacopoeial decision rule is simple “accept/reject”, with a guard bandwidth equal to the 1577 

analytic variation typical of normal analytic practice. For a quality product, the analyte 1578 

concentration must be within a range narrower than the specification width (by analytical 1579 

variation accounted for in the specification). This provides a low probability of rejecting a quality 1580 

product (low manufacturer risk). The pharmacopoeial decision rule works correctly only if the 1581 

actual value of the uncertainty (in practice – estimated uncertainty) is fixed, i.e., does not exceed 1582 

the critical value, which is the target uncertainty set for the certain test. A decision on compliance 1583 

is considered conclusive if the estimated uncertainty is less than or equal to the target uncertainty 1584 

of a reportable result (Pass). If the estimated uncertainty is greater than the target uncertainty, 1585 

then a decision is considered inconclusive, and an investigation is required to establish the 1586 

reason(s) for the unacceptably high uncertainty. The laboratory should ensure that the estimated 1587 

uncertainty does not exceed the target uncertainty when performing analysis. 1588 

6.7.12 Compliance with normal analytical practice is required due to the specifics of the construction of 1589 

acceptance criteria in pharmacopoeial monographs and marketing authorization documentation. 1590 
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Therefore, for NQCL to correctly reproduce an analytical procedure described in the 1591 

pharmacopoeial monograph or marketing authorization documentation, the actual analytical 1592 

variability should not exceed the variability characteristic of normal analytical practice. 1593 

6.7.13 The recommendations for the target uncertainty and the maximum admissible uncertainty for 1594 

standard analytical operations (for normal analytical practice) are provided in Annex 2. 1595 

6.7.14 The application of the concept of normal analytical practice to the evaluation of measurement 1596 

uncertainty is provided in Annex 3.  1597 
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6.8 Validity of test results 1598 

6.8.1 The laboratory should have a procedure for ensuring the validity of results by reviewing the 1599 

following activities, as appropriate by a senior staff member or QA manager: 1600 

a. reference substances and/or reference materials; 1601 

b. verifications of measuring and testing equipment; 1602 

c. appropriate quality control checks; 1603 

d. the data analysis, that does not require additional experiments (use of control charts and 1604 

different kinds of correlation of results of the sample being tested). 1605 

e. replicate tests or calibrations using the same or different methods; 1606 

f. retesting of retained samples; and 1607 

g. a review of all raw data and reported results. 1608 

6.8.2 The performance of the laboratory should be assessed regularly by participation in: 1609 

a. proficiency testing schemes, organised both internally and externally; and/or 1610 

b. inter-laboratory comparisons such as collaborative studies. 1611 

6.8.3 Data from monitoring activities should be subject to management review, at least annually, to 1612 

ensure that necessary actions to control and, if applicable, to improve the laboratory's activities 1613 

are effective. 1614 

6.8.4 If the results of the analysis of data from monitoring activities are found to be outside pre-defined 1615 

criteria, the appropriate action should be taken to prevent reporting of incorrect results. 1616 

6.9 Out-of-specification results 1617 

6.9.1 An out-of-specification (OOS) result is a result which does not comply with the acceptance 1618 

criteria of any test in the specification, found in drug master files, company documentation, 1619 

approved marketing submissions or official compendia (6, 23). 1620 

6.9.2 When a doubtful result (suspected OOS result) has been identified, a review of the different 1621 

procedures applied during the testing process is to be undertaken by the supervisor with the 1622 

analyst or technician before re-testing is performed by using a checklist. The investigation should 1623 

ensure that: 1624 

a. original sample preparations are not discarded until the investigation is complete; 1625 

b. the appropriate procedure(s) was (were) applied and followed correctly; 1626 

c. examination of the raw data recorded on the analytical worksheet is undertaken to identify 1627 
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possible discrepancies; 1628 

d.  all calculations are checked; 1629 

e. the equipment used was qualified and calibrated and that system suitability tests were 1630 

performed and were acceptable; 1631 

f. the appropriate reagents, solvents and reference substances were used; and 1632 

g. confirm that the correct glassware was used. 1633 

6.9.3 The identification of an error which caused an aberrant result will invalidate the result and a re-1634 

test of the sample will be necessary which should be conducted by the same technician /analyst. 1635 

6.9.4 Doubtful results can be rejected only if they are clearly due to an identified error. When an 1636 

investigation is inconclusive a confirmatory determination is to be performed by another trained 1637 

analyst. A similar result would indicate an OOS result. However, further confirmation using 1638 

another validated method, if available, may be advised and, if performed, should be fully 1639 

documented. 1640 

6.9.5 If available, hypothesis testing should be considered in order to better define the root cause. 1641 

6.9.6 An SOP should be in place for the conduct of an investigation of an OOS test result. All 1642 

investigations and their conclusions should be recorded. In the event of an error, any corrective 1643 

action taken, and any preventive action introduced should be recorded, implemented and treated 1644 

as risks/opportunities. 1645 

6.9.7 If required, all individual results (all test data) with acceptance criteria should be reported. The 1646 

SOP defined in 6.9.6 should also consider the general rules to report this type of results. 1647 

6.9.8 All conclusions should be recorded (either on the analytical worksheet or in another support) by 1648 

the analyst and reviewed and approved by the supervisor. 1649 

6.9.9  Critical review of the nature, number, and root cause of OOS, obtained within a given period, 1650 

either confirmed or not confirmed, should be conducted during the Management review.   1651 

6.10 Reporting of results 1652 

6.10.1 The Analytical Test Report (hard copies or by electronic means) is a compilation, by the study 1653 

supervisor, of the analytical test results obtained for approval by the QM and / or the Laboratory 1654 

Director and/or designee. Subsequently, the dossier containing all the information pertaining to 1655 

the sample including the origin, chain of custody, analytical data is archived.  1656 

6.10.2 Any amendments or changes to the original analytical test report will require the issue of a new 1657 
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corrected document, where: 1658 

a. any change of information should be clearly identified and dated; 1659 

b. where appropriate, the reason for the change should be included in the new corrected document; 1660 

c. the new report should be uniquely identified and contain a reference to the original document it 1661 

will replace; and 1662 

d. the new corrected document meets all the requirements. 1663 

6.10.3 When using pharmacopoeia methods and manufacturer’s approved methods for compliance 1664 

testing, it is not required to report the expanded uncertainty. 1665 

6.10.4 The laboratory decides when to report the uncertainty of a result and how conformance to 1666 

specifications was evaluated (see recommendations of chapter 6.7). 1667 

6.10.5 The analytical test report should provide the following information: 1668 

a. a title (e.g., “Test Report”, “Analytical Test Report” or other suitable title); 1669 

b. the laboratory registration number of the sample; 1670 

c. the laboratory test report number; 1671 

d. the name and address of the laboratory testing the sample; 1672 

e. the name and address of the originator of the request for analysis; 1673 

f. the name, description and batch number of the sample, where appropriate; 1674 

g. an introduction giving the background to and the purpose of the investigation, if applicable; 1675 

h. a reference to the specifications used for testing the sample or a detailed description of the 1676 

procedures employed (sample for investigative testing), including the limits; 1677 

i. the results of all the tests performed or the numerical results with the standard deviation of 1678 

all the tests performed (if applicable); 1679 

j. where applicable, the expanded measurement uncertainty of the reportable result with a 1680 

reference to its assessment and an explanation of how it was used in making the compliance 1681 

decision; 1682 

k. a discussion of the results obtained, where appropriate; 1683 

l. a conclusion as to whether or not the sample(s) was (were) found to be within the limits of 1684 

the specifications used, or for a sample for investigative testing, the substance(s) or 1685 

ingredient(s) identified; 1686 

m. a statement to the effect that the results relate only to the items tested, calibrated or sampled; 1687 

n. a clear identification when results are from external providers; 1688 

o. the date on which the test(s) was (were) completed; 1689 

p. the signature of the head of the laboratory and/or other authorized person, reviewing and 1690 
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authorizing the report; 1691 

q. the name and address of the original manufacturer and, if applicable, those of the re-packer 1692 

and/or trader; 1693 

r. whether or not the sample(s) complies (comply) with the requirements; 1694 

s. if applicable, opinions and interpretations, adequately supported by evidence and issued by 1695 

authorized personnel; 1696 

t. the date on which the sample was received; 1697 

u. the expiry date or retest date, if applicable; and 1698 

v. a statement indicating that the analytical test report, or any portion thereof, cannot be 1699 

reproduced without the authorization of the laboratory. 1700 

6.10.6 A Certificate of Analysis (CoA) is prepared for each batch of a substance or product. CoA 1701 

contains the same information as the Analytical Test Report except for (c) & (d). If applicable, 1702 

the certificate should include information about the expanded uncertainty of the reportable result, 1703 

the reference to its estimation and an explanation of how the decision rule was applied to 1704 

determine compliance with specifications. 1705 

6.10.7 The laboratory is responsible for all the information provided in the report, except when 1706 

information is provided by the customer. 1707 

a. Data provided by the customer should be clearly identified. 1708 

b. In addition, a disclaimer should be included in the report when the information is supplied 1709 

by the customer which could compromise the validity of results. 1710 

c. Where the laboratory has not been responsible for the sampling stage (e.g., the sample has 1711 

been provided by the customer), the report should state that the results apply to the sample 1712 

as received. 1713 

6.11 Non - conforming work  1714 

6.11.1 The term “non-conforming work” refers to any deviation of the analytical activities from 1715 

procedures, internal requirements or analytical requirements agreed with the customer, which 1716 

should be recorded, addressed, and managed. It is a technical and/or analytical deviation. These 1717 

deviations to the specified limits comprise equipment, environment conditions, internal quality 1718 

control criteria and system suitability criteria. 1719 

6.11.2 Managing non-conforming work follows the same rationale as described in 3.7 and can be treated 1720 

under the same system, ensuring that: 1721 

a. actions (including the halting or repeating of work and withholding of reports, as necessary) 1722 
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are based upon the risk levels established for the affected activity; 1723 

b. an evaluation is made of the significance of the non-conforming work, including an impact 1724 

analysis on previous results; 1725 

c. a decision is taken on the acceptability of the nonconforming work; 1726 

d. where necessary, the customer is notified and work is recalled; and 1727 

e. the responsibility for authorizing the resumption of work is defined. 1728 

6.11.3 Records of the non-conforming work are retained, as well as all defined actions. 1729 

6.11.4 Corrective actions (3.7) should be implemented if the evaluation indicates that there is a remote 1730 

possibility that the nonconforming work can recur or there is a reasonable doubt about the 1731 

conformity of the laboratory's operations with its own QMS. 1732 

6.11.5 Analysis of the data obtained from nonconforming work should be performed, addressing 1733 

specifically those issues for which a trend is observed throughout time (e.g., a systematic non-1734 

conforming work obtained for the same testing method, which may indicate a possible cause 1735 

when trend analysis is performed). The results from this analysis, and possible impacts to the 1736 

identified risks and opportunities, should be reviewed periodically (3.10) and its impact assessed. 1737 

6.12 Retained samples  1738 

6.12.1 Samples should be retained ( 6.2.2) as required by the legislation or by the originator of the 1739 

request for analysis. (24). 1740 

6.12.2 The minimum amount of sample to be delivered for testing should be communicated to the 1741 

authority, the manufacturer or the person responsible for sampling by the laboratory. There 1742 

should be a sufficient amount of retained sample to allow at least two re-analyses.  1743 

6.12.3 The retained sample should be contained in its original packaging.  1744 

6.12.4 Sample disposal criteria should be established, according to national legislation or applicable 1745 

international recommendations, or if required by the originator of the request for analysis. 1746 
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7 Safety rules 1747 

7.1.1 Environmental health and safety policies should be followed to protect the staff, the public, and 1748 

the environment. A documented laboratory safety policy, which should include general and 1749 

specific safety instructions reflecting identified risk, should be available to and applied by each 1750 

member of staff. A staff member should be given the responsibility to oversee the policy and to 1751 

ensure compliance by all staff. 1752 

7.1.2 A waste management system, conforming to local legislation, should be in place to ensure the 1753 

safe disposal of chemicals, solvents and other relevant materials. 1754 

7.1.3 General and specific safety procedures reflecting identified risk should be made available to each 1755 

staff member. Seminars should be held at pre-defined intervals as specified in QMS 1756 

documentation. 1757 

7.1.4 General rules for safe working in accordance with national regulations and SOPs normally 1758 

include, but is not limited to the following requirements: 1759 

a. safety data sheets should be available to staff before testing is carried out; 1760 

b. smoking, eating and drinking in the laboratory should be prohibited; 1761 

c. staff should be familiar with the use of fire-fighting equipment, including fire extinguishers, 1762 

fire blankets and gas masks; 1763 

d. staff should wear laboratory coats or other suitable protective clothing, as required, 1764 

including eye protection; 1765 

e. special care should be taken, as appropriate, in handling highly potent, infectious or volatile 1766 

substances; 1767 

f. highly toxic and/or genotoxic samples should be handled in a specially designed facility to 1768 

avoid the risk of contamination; 1769 

g. all containers of chemicals should be appropriately labelled and include prominent 1770 

warnings (e.g., “poison”, “flammable”, “radioactive”) whenever appropriate; 1771 

h. adequate insulation and spark-proofing should be provided for electrical wiring and 1772 

equipment, including refrigerators; 1773 

i. rules on the safe handling of cylinders of compressed gases should be observed and staff 1774 

should be familiar with the relevant colour identification codes; 1775 

j. staff should not work alone in the laboratory; and 1776 

k. first-aid materials should be provided and staff instructed in first-aid techniques, emergency 1777 

care and the use of antidotes. 1778 
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7.1.5 Protective clothing should be available, including eye protection, masks and gloves. Safety 1779 

showers should be installed. Rubber suction bulbs should be used on manual pipettes and siphons. 1780 

Staff should be instructed in the safe handling of glassware, corrosive reagents and solvents 1781 

including the use of safety containers or baskets to avoid spillage from containers. Warnings, 1782 

precautions and instructions should be incorporated, when appropriate, in SOPs for work with 1783 

violent, uncontrollable or dangerous reactions when handling specific reagents (e.g., mixing 1784 

water and acids or acetone–chloroform and ammonia), flammable products, oxidizing or 1785 

radioactive agents. Peroxide-free solvents should be used. Staff should be aware of methods for 1786 

the safe disposal of unwanted corrosive or dangerous products by neutralization or deactivation 1787 

and of the need for safe and complete disposal of mercury and its salts. 1788 

7.1.6 An SOP for the storage and handling of controlled substances complying with applicable national 1789 

legislation should be available and enforced. 1790 

7.1.7 Poisonous or hazardous products should be identified singled out and labelled appropriately. 1791 

7.1.8 Unnecessary contact with reagents, especially solvents and their vapours, should be avoided. The 1792 

use of known carcinogens and mutagens as reagents should be limited or totally excluded, if 1793 

required by national regulations.  1794 

7.1.9 Replacement of toxic solvents and reagents by less toxic materials or reduction of their use should 1795 

always be the aim, particularly when new techniques are developed and validated. 1796 

  1797 
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 1900 

Appendix 1: Equipment for a first-stage and medium-sized 1901 

pharmaceutical quality control laboratory 1902 

A list of equipment considered by the Expert Committee to be adequate, either for a first-stage or 1903 

medium-sized pharmaceutical quality control laboratory, is given in the table below.  1904 

This list does not represent any requirements which should be fulfilled in order to comply with 1905 

these guidelines. National medicines regulatory authorities (NRAs) or laboratories wishing to 1906 

perform pharmaceutical analyses may consider the following list in the establishment or 1907 

upgrading of their testing facilities. For budgetary reasons it is necessary, besides the cost of 1908 

equipment, to take into consideration the cost of reference materials, reagents, solvents, 1909 

glassware, other laboratory commodities and personnel. Experience has shown that, for 1910 

sustainability, a laboratory should allow a margin of 10–15% per year of the purchasing 1911 

expenditure on equipment to cover the cost of maintenance. 1912 

Table 1 1913 

Equipment for a first-stage and medium-sized pharmaceutical quality control laboratory 1914 

First-stage laboratory 

Equipment and major instruments Quantity 

Top-loading balance 1 

Analytical balance (5 digits) 1 or 2 

Melting-point apparatus 1 

pH meter (with assorted electrodes) 1 

Microscope 1 

Polarimeter 1 

High-performance liquid chromatograph with ultraviolet detector 2 

Ultraviolet/visible spectrophotometer 1 

Infrared spectrophotometer with pellet press 1 

Karl Fischer titrator (semi-micro determination of water) 1 

Agate mortar with pestle 1 

Equipment for thin-layer chromatography 1 

Temperature and humidity probe 1 

Thin-layer chromatography spotter 1 

Developing chambers 6 + 1a 
Atomizers 6 

Ultraviolet viewing lamp 1 

Disintegration test equipment (1 basket for 6 tablets) 1 

Dissolution apparatus 1 
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First-stage laboratory 

Soxhlet extraction apparatus (60 mL) 3 + 1a 
Micrometer calipers 1 

Pycnometers 2 

Burettes/pipettes (10 mL and 25 mL/1, 2, 5, 10, 20, 25, 50 mL) 3 of each 

Desiccator 1 + 1a 
Centrifuge (table-top model, 4-place swing rotor) 1 

Water-bath (20 litres) 1 

Hot plates with magnetic stirrers 3 

Vacuum pump (rotary, oil) 1 

Drying oven (60 litres) 1 

Vacuum oven (17 litres) 1 

Muffle furnace 1 

Refrigerator (explosion-proof) 1 

Water distilling apparatus (8 litres/hour) 1 

Water deionizer (10 litres/hour) 1 

Dehumidifier (where needed) 1 

Fume hood 1 

Optional items  

Analytical microbalance 1 

Flame photometer (including air compressor) 1 

Refractometer 1 

Viscometer 1 

Vortex mixer 1 

Shaker (wrist-action) 1 

Pipette rinser 1 

Constant temperature water-bath 1 

Ultrasonic cleaner (5 litres) 1 

 Medium-sized laboratory 

Equipment and major instruments Quantity 
Top-loading balance 
Analytical balance (5 digits)  
Analytical microbalance 

1 or 2 
2 
1 

Microscope 1 or 2 
Equipment for thin-layer chromatography 1 
Thin-layer chromatography multispotter 1 

Developing chambers 6 

Atomizers 6 

Ultraviolet viewing lamp 1 
Temperature and humidity probe 2 
Potentiometric titrimeter 1 
Micro-Kjeldahl equipment (including fume flasks) 1 
Soxhlet extraction apparatus (60 mL) 3 
Densimeter, combined with viscometer 1 
Burettes/pipettes (10 mL and 25 mL/1, 2, 5, 10, 20, 25, 50 mL) 6 of each 
Micrometer callipers 1 
Heating mantles for flasks (assorted sizes: 50, 200 and 2000 mL) 6 
Sieves (assorted sizes) 1 set 
Centrifuge (floor model) 1 
Shaker (wrist-action) 1 
Vortex mixers 2 



Working document QAS/21.882 
Page 67 

First-stage laboratory 

Water-bath (electrical, 20 litres) 2 or 3 
Hot plates with magnetic stirrers 3 or 4 
Vacuum pump (rotary, oil) 2 
Vacuum rotary evaporator 1 
Drying oven (60 litres) 2 or 3 
Muffle furnace (23 litres) 1 
Vacuum oven (17 litres) 1 
Desiccators 2 
Refrigerator (explosion-proof) 2 
Freezer 1 
Ultrasonic cleaners (5 litres) 2 
Laboratory glassware washing machine 1 
Water distilling apparatus (8 litres/hour) 1 
Water deionizing equipment (10 litres/hour) 1 
Fume hoods 2 
Melting-point apparatus 1 
Polarimeter 1 
pH meters (with assorted electrodes) 2 
High-performance liquid chromatograph with variable wavelength:  

- Ultraviolet/visible detector 2 or 3 
- Ultraviolet/visible spectrophotometer, double-beam 1 
- Diode-array 1 or 2 

Infrared spectrophotometer (MIR, NIR) with pellet press 1 
Agate mortar with pestle 1 
Gas chromatograph (flame ionization, direct and static head space injection) 1 
Karl Fischer titrators (1 semi-micro and 1 coulometric for micro-  
determination of water) 2 
Disintegration test equipment (1 basket for 6 tablets) 1 
Dissolution test equipment (for 6 tablets/capsules) 1 
Oxygen flask combustion apparatus 1 
Optional items  
Refractometer 1 
Atomic absorption spectrophotometer (Flame, furnace) 1 
Spectrofluorometer 1 
High-performance liquid chromatograph detectors: 1 
— fluorescence 1 
— mass spectrometric (MS) 1 
— evaporative light scattering (ELSD) 1 
— charged aerosol (CAD) 1 
— refractive index 1 
Gas chromatograph detectors: 1 
— electron capture detector (ECD) 1 
— nitrogen/phosphorous (NPD) 1 
— mass spectrometric (MS) 1 
Capillary electrophoresis equipment 1 
Thin-layer chromatography scanner 1 
Hardness tester 1 
Friability tester 1 
Ice machine 1 
Solvent-recovery apparatus 1 
Equipment for microbiology unit  
pH meter 1 
Ultraviolet/visible spectrophotometer, single-beam 1 
Microscopes (for bacteriology) 1 
Membrane filter assembly for sterility tests 2 
Colony counter with magnifier 1 
Laminar air flow unit 1 
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First-stage laboratory 

Hot-air sterilizer 1 
Incubators, 60 litres 1 
Anaerobic jar 2 or 3 
Zone reader 1 
Centrifuge 1 
Water-bath (thermostatically controlled) 1 
Autoclaves (100 litres, top-loading) 2 
Refrigerators (340 litres) 2 
Deep freeze 2 
Laboratory glassware washing machine 1 
Equipment for pharmacognosy/phytochemistry unit  
Grinder/mill (for preparation of sample of herbal materials) 1 
Top loading balance 1 
Sieves 1 

Microscopeb 1 set 

Soxhlet extraction apparatus 1 
Water-bath 2 or 3 
Heating mantles for flasks 1 
Hot plates with magnetic stirrers 1 or 2 
Equipment for thin-layer chromatography 2 
Developing chambers 1 or 2 
Desiccators 3 or 4 
Rotary vacuum apparatus 2 
Distillation equipment 1 
Conical percolators 1 

Apparatus for determination of water content by azeotropic methodb 2 or 3 

Apparatus for determination of volatile oilsb 1 

Apparatus for determination of arsenic limit testc 1 

a Needed in the case that herbal medicines are also tested. 1915 
b Quality control methods for herbal materials. Geneva, World Health Organization, 2011 1916 
(https://apps.who.int/iris/bitstream/handle/10665/44479/9789241500739_eng.pdf?sequence=1, accessed 22 January 2021). 1917 
c WHO guidelines for assessing quality of herbal medicines with reference to contaminants and residues. Geneva, World Health 1918 
Organization, 2006 (https://apps.who.int/iris/bitstream/handle/10665/43510/9789241594448_eng.pdf?sequence=1&isAllowed=y, 1919 
accessed 22 January 2021). 1920 

*** 1921 
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Appendix 2: Recommendations for the target 1922 

uncertainty and the maximum admissible uncertainty 1923 

for normal analytical practice 1924 

In order to effectively apply the concept of uncertainty to compliance testing in the 1925 

pharmaceutical sector, the following key recommendations should be formulated (see 6.7, the 1926 

pharmacopoeial decision rule): 1927 

a. recommendations for the target uncertainty for pharmacopoeial tests, 1928 

b. recommendations for the maximum admissible uncertainty for standard analytical 1929 

operations (recommendations for normal analytical practice). 1930 

RECOMMENDATIONS FOR THE TARGET UNCERTAINTY FOR 1931 

PHARMACOPOEIAL TESTS 1932 

To assess the risk of making an incorrect decision on compliance, the estimated uncertainty (Uest) 1933 

should be compared with the target uncertainty (Utg). 1934 

For the assay of an API or excipient, the minimum value of measurement uncertainty usually 1935 

comprises (1-3): 1936 

a. 1.0 % for volumetric titration of the conjugate acids, non-aqueous and acid-base 1937 

titrations; 1938 

b. 1.5 % for redox and argentometric titrations ; 1939 

c. 2.0 % for complexometric titrations ; 1940 

d. 2.0 % and 3.0 % for ultraviolet spectrophotometry assays, using the reference substance 1941 

and specific absorbance, respectively; 1942 

e. 2.0 % for liquid chromatographic assays. 1943 

Utg is an expanded uncertainty, expressed as a 90% two-sided confidence interval, which is 1944 

equivalent to a 95% one-sided confidence interval. 1945 

The minimum value of Utg corresponds to the minimum width of content limits for assay. 1946 
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Therefore, the minimum value of Utg = 2.0% means that the metrologically correct content limits 1947 

should not be narrower than 98 - 102%. 1948 

For finished pharmaceutical products, the following requirements for Utg can usually be applied 1949 

(4): 1950 

a. for assay, the target uncertainty should be insignificant compared to the half-width of the 1951 

symmetrical two-sided content limits, Utg = (UCL – LCL)/2 × 0.32, 1952 

where UCL and LCL are upper and lower content limits, respectively. 1953 

b. for assay with a one-sided content limit (known as “not less than …”), Utg = 6.4%. 1954 

This requirement can also be applied to APIs and excipients with a one-sided content limit. 1955 

c. for tests Dissolution and Uniformity of Dosage Units, Utg = 3.0%. 1956 

d. for Related Impurities and Residual Solvents, Utg = 16.0% (the found quantity of 1957 

impurity is used only for comparison with the specification limit). 1958 

This requirement can also be applied to APIs or excipients. 1959 

RECOMMENDATIONS FOR THE MAXIMUM ADMISSIBLE UNCERTAINTY FOR 1960 

NORMAL ANALYTICAL PRACTICE 1961 

The approach of normal (routine) analytical practice (NAP) establishes the maximum admissible 1962 

level of uncertainty from standard analytical operations (𝑈௜
௧௚) and reflects the minimum 1963 

pharmacopoeial requirements that should be met by all laboratories performing compliance 1964 

testing (see 6.7). Adherence to NAP is assumed when performing analytical procedures outlined 1965 

in monographs (5-7) and marketing authorization documentation (8). 1966 

Currently, most of the analytical procedures described in pharmacopoeias and marketing 1967 

authorization documentation have been validated without the use of the concept of uncertainty, 1968 

hence, without considering that when the procedures are reproduced in another laboratory, the 1969 

actual uncertainty of the analytical result (in practice, the estimated uncertainty Uest) can be as 1970 

large as the maximum admissible value (NAP recommendations), which can be greater than that 1971 

achieved during the analytical procedure development/validation. Therefore, some sources of 1972 

variation, which may become significant when reproducing the analytical procedure in another 1973 

laboratory, may not be accounted for since they were insignificant in the developer's laboratory 1974 

(and in the interlaboratory trials for pharmacopoeial analytical procedures). 1975 
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Thus, the classic approach to quality assurance does not consider the "worst case", i.e., when the 1976 

laboratory meets the NAP recommendations minimally, which may result in approving 1977 

metrologically incorrect analytical procedures for which reproducibility problems may occur 1978 

with an unacceptably high risk. 1979 

To control the risk of obtaining an unacceptably large value of Uest, it is reasonable to carry out 1980 

the bottom-up evaluation of measurement uncertainty during the development of a procedure 1981 

based on the NAP recommendations (i.e., perform an uncertainty estimation for the “worst 1982 

case”). If the uncertainty estimated for the "worst case" (UNAP) exceeds Utg, then there is a high 1983 

risk that Uest will also exceed Utg when reproducing the procedure, and the laboratory will not be 1984 

able to make a conclusive decision on compliance. In such a case the analytical procedure needs 1985 

optimization of measurements/sample preparation steps. 1986 

Here and below, measurement uncertainty is an expanded uncertainty, expressed as a 90% two-1987 

sided confidence interval, which is equivalent to a 95% one-sided confidence interval. 1988 

Typically, variability sources can be divided into measurement-related (e.g., random variability 1989 

of an analytical signal) and associated with sample preparation operations (weighing, dilution). 1990 

The requirements for the maximum admissible uncertainty (target uncertainty) for standardized 1991 

analytical operations (NAP recommendations - 𝑈௜
௧௚) may be specified directly in the analytical 1992 

procedure (as a requirement for the suitability of the analytical system), or other regulations (for 1993 

example, as a requirement for the qualification of analytical equipment in the pharmacopoeias). 1994 

An example of a variability source for which 𝑈௜
௧௚ is harmonized between pharmacopoeias is the 1995 

random variability of the analytical signal for assay by separation technique of an API (or 1996 

excipient) where the value is 100% for a pure substance (2, 9, 10). This approach assumes that 1997 

random variability from the analytical signal is the main component of uncertainty associated 1998 

with measurements. Requirements for the maximum permitted relative standard deviation 1999 

(%RSDmax) for the given assay upper content limits are set in such a way that a 90% two-sided 2000 

confidence interval (equal to a 95% one-sided interval), calculated for the uncertainty component 2001 

of the analysis result related to the precision of measurements, does not exceed 0.5 of Utg. 2002 

The recommendations for %RSDmax for assay by separation technique for finished pharmaceutical 2003 

products with symmetrical assay content limits are shown in Table 1 (11). These requirements 2004 

are set in such a way that a 95% one-sided confidence interval calculated for the uncertainty 2005 

component of the analysis result related to the precision of measurements does not exceed Utg. It 2006 

is recommended that Utg for finished pharmaceutical preparations should comprise not more than 2007 
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0.32 of the half-width of symmetrical content limits. 2008 

Table 1. Requirements for %RSDmax of the analytical signal for assay by separation technique for 2009 

finished pharmaceutical products with symmetrical assay content limits.  2010 

 Number of individual injections n(1) 
 2 3 4 5 6 7 8 
(UCL – LCL)/2×100(2) Maximum permitted relative standard deviation (per cent) 
5 0.25 0.67 0.96 1.19 1.38 1.54 1.69 
7.5 0.38 1.01 1.44 1.78 2.06 2.31 2.53 
10 0.51 1.34 1.92 2.37 2.75 3.08 3.38 
15 0.76 2.01 2.88 3.56 4.13 4.62 5.07 
20 1.01 2.68 3.85 4.75 5.50 6.16 6.76 

(1) it assumes that the same number of repetitive injections is made for the test and reference 2011 
solutions. 2012 
(2) UCL and LCL are upper and lower content limits, respectively. 2013 
For spectrophotometric assays the next recommendations can be used as NAP recommendations 2014 

(12): 2015 

 for a series of measurements of the absorbance with cuvette withdrawal RSD ≤ 0.52%; 2016 

 not less than 3 measurements for the test and reference solutions.  2017 

NAP recommendations for individual operations with volumetric glassware ISO Class A are 2018 

shown in Tables 2-4 (1, 4). It should be noted that these estimates of uncertainty exceed the 2019 

maximum admissible deviation from the nominal volume under the requirements for ISO Class 2020 

A volumetric glassware as the NAP recommendations additionally account for the random 2021 

variability introduced by the analyst in routine analysis. 2022 

Table 2. Target uncertainties typical of NAP due to the use of volumetric flasks ISO Class A of 2023 

different volumes 2024 

Volumetric flask volume Target uncertainty, mL Target uncertainty, % 
10 mL 0.05 0.50 
20 mL 0.057 0.28 
25 mL 0.0575 0.23 
50 mL 0.085 0.17 
100 mL 0.12 0.12 
200 mL 0.2 0.1 
250 mL 0.2 0.08 
500 mL 0.35 0.07 
1000 mL 0.5 0.05 

 2025 

Table 3. Target uncertainties specific to NAP due to the use of transfer pipettes ISO Class A of 2026 

various volumes. 2027 
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Transfer pipette volume Target uncertainty, mL Target uncertainty, % 
1.0 mL 0.010 0.98 
2.0 mL 0.012 0.61 
5.0 mL 0.018 0.37 
10 mL 0.025 0.25 
20.0 mL 0.037 0.18 
25.0 mL 0.037 0.15 
50.0 mL 0.061 0.12 

 2028 

Table 4. Target uncertainties specific to NAP due to the use of graduated pipettes ISO Class A 2029 

of different volumes. 2030 

Graduated pipette 
volume 

Target uncertainty, mL Target uncertainty, %(1) 

0.5 mL 0.0061 1.23 
1.0 mL 0.0074 0.74 
2.0 mL 0.012 0.62 
5.0 mL 0.037 0.74 
10.0 mL 0.062 0.62 
25.0 mL 0.123 0.49 

(1) indicated in relation to the total volume of the pipette. 2031 

For weighing operations, it is recommended to use Utg = 0.2 mg as the NAP recommendation (1, 2032 

4). This recommendation reflects typical minimum requirements for balances in NQCLs. 2033 

If the NQCL has a balance of a higher class, then in order to estimate uncertainty in line with 2034 

NAP recommendations when reproducing the analytical procedure, it becomes essential to 2035 

employ a criterion for the balance qualification (maximum admissible uncertainty). 2036 

For the initial reproduction of the analytical procedure in NQCL, it is advisable to use the bottom-2037 

up approach for the uncertainty estimation as per the NAP recommendations. The text of the 2038 

procedure and a priori knowledge of the analytical technique indicate the significant sources of 2039 

variability. 2040 

Often the risk of obtaining an unacceptably large Uest can be mitigated by increasing the accuracy 2041 

of the concentration of the test and reference solutions. This can be achieved by increasing the 2042 

test portions or volumes of the volumetric glassware used, without changing the final 2043 

concentration of the test and reference solutions. Such an adjustment of the approved analytical 2044 

procedure is allowed by pharmacopoeial practice (13). 2045 

However, the actual uncertainty in a particular NQCL may be greater than the NAP 2046 

recommendations. Therefore, it is necessary to confirm experimentally that actual uncertainties 2047 

from variability sources regulated by NAP do not exceed the recommended value of 𝑈௜
௧௚ during 2048 
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the real analysis. That is, the uncertainty estimation for the "worst case" (NAP recommendation) 2049 

does not override the estimation of uncertainty in the laboratory, as described, for example, in 2050 

(8). 2051 

An example of the uncertainty estimation based on NAP recommendations for chromatographic 2052 

assays of API is provided in Appendix 3. 2053 

  2054 
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Appendix 3: Examples of the uncertainty estimation on 2092 

compliance with normal analytical practice (the "worst 2093 

case") for assay of pharmaceutical substances by 2094 

chromatography 2095 

The pharmacopoeias state that the normal (routine) analytical practice (NAP), or (routine) 2096 

analytical errors are considered in pharmacopoeial acceptance criteria (1-3). It means the 2097 

laboratory can adequately reproduce a pharmacopoeial analytical procedure only if the actual 2098 

uncertainty for the standard analytical operations (NAP operations) does not exceed that 2099 

accounted for in the specifications. The same statement is correct regarding analytical procedures 2100 

from marketing authorization because here the same decision rule is used (hence, the same 2101 

approach to the construction of criteria) (4). 2102 

The recommendations for the admissible uncertainty associated with standard analytical 2103 

operations can be found in the Ph. Eur. (5), Table 1 and the State Pharmacopoeia of Ukraine 2104 

(SPhU) (6). The recommendations for maximum admissible uncertainty for standard analytical 2105 

operations in a routine analysis (sample preparation - weighing and dilution using volumetric 2106 

glassware ISO class A, and measurements) are given in Appendix 2. 2107 

The uncertainty estimation for the case of minimum compliance with NAP (the “worst case”) is 2108 

based on the text of the analytical procedure without the use of any experimental data. This allows 2109 

the developer to optimize the text of the analytical procedure before its approval or the 2110 

reproduction of an already approved procedure in the laboratory (to reduce the uncertainty of the 2111 

preparation of solutions and/or measurements). This allows mitigating the risk of obtaining an 2112 

unacceptably large actual value of uncertainty, which could lead to inconclusive decisions on 2113 

compliance during the reproduction of an analytical procedure. 2114 

It is important to highlight that when estimating uncertainty for NAP compliance (for the "worst 2115 

case" scenario), the resulting uncertainty estimation applies universally to any laboratory required 2116 

to meet pharmacopoeial requirements. Conversely, the general procedure for estimating 2117 

uncertainty aims to provide a real estimation of uncertainty within a specific laboratory 2118 

environment, which may vary for different laboratories performing the same analytical 2119 

procedure. The uncertainty estimation for NAP compliance should not be considered a substitute 2120 

for the generally accepted practice of individual uncertainty estimation in each laboratory to 2121 

determine the actual uncertainty. 2122 
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The uncertainty estimation for NAP compliance is based on the premise that: 2123 

 the significant sources of variation are usually identified in the text of the analytical 2124 

procedure (primarily, they follow from the calculation formula). Such sources of 2125 

variation are present in any laboratory and, therefore, need to be standardized and 2126 

controlled. 2127 

 “unexpected” and non-standardized sources of variation (such as incomplete analyte 2128 

extraction during sample preparation; interference of excipients on measurements, and 2129 

so on) are absent or insignificant. This should be ensured at the development and 2130 

validation stages of the analytical procedure. 2131 

The purpose of uncertainty estimation for the case of NAP compliance is to calculate the 2132 

expanded uncertainty for a reportable result (combined uncertainty) based on the maximum 2133 

admissible uncertainties (according to the NAP) for standard analytical operations (given in 2134 

Appendix 2). The rules for combined uncertainty estimation are determined by how the 2135 

parameters that are sources of variation are included in the calculation formula for the reportable 2136 

result (X). It is supposed that all sources of variability are independent and there is no correlation 2137 

between them. 2138 

Here and below, measurement uncertainty is an expanded uncertainty, expressed as a 90% two-2139 

sided confidence interval, which is equivalent to a 95% one-sided confidence interval. 2140 

Sources of uncertainty for the assay can be grouped as follows: (group 1) measurement 2141 

uncertainty (UMeas); (group 2) sample preparation uncertainty (USP), which is subdivided into 2142 

(group 2.1) weighing uncertainty (Um,i) and (group 2.2) dilutions uncertainty (UV,i), and (group 2143 

3) uncertainty of the value assigned to a reference substance (URS).  2144 

The typical formula for the assay is: 2145 

 2146 

where r and r0 are analytical signals (peak area, peak height, or their ratio), for the test solution 2147 

and the reference solution; 2148 

m and mo are the test portions of the test sample and reference substance; 2149 

V is the nominal volume for volumetric flasks and pipettes used for making dilutions; 2150 

PRS is the analyte content in the reference substance, expressed as a percentage; 2151 
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K – the coefficient for converting the concentration into a reportable result (in the most cases for 2152 

assay of API K = 1). 2153 

All sources of variation from the calculation formula, except for UMeas, are expressed as intervals 2154 

(not as standard deviations). Therefore, for uncertainty estimation, it is reasonable to combine 2155 

uncertainties from individual sources of variability directly as intervals, without converting them 2156 

to standard deviations and then back to intervals (6). This approach leads to the same uncertainty 2157 

estimates as the classical approach (4). 2158 

For the assay by chromatographic methods, for a typical case all sources of variability are 2159 

reflected in the calculation formula as a product/quotient. Therefore, the combined uncertainty 2160 

for X can be estimated as the square root of the sum of the squares of the partial components of 2161 

the uncertainty (in this case expressed as a percentage). 2162 

The typical sources of variability arising from measurements (group 1) and sample preparation 2163 

(group 2) are standardized (Appendix 2); they are the primary focus for the uncertainty estimation 2164 

for NAP compliance. 2165 

For the uncertainty estimation, it is acceptable to assume that for pharmacopoeial reference 2166 

substances, URS is insignificant compared to the Utg, and may not be considered in the uncertainty 2167 

estimation. The URS is insignificant for any pharmacopoeial applications if it does not exceed 2168 

0.5% (7). 2169 

Quantities grouped under formula term K (group 4) are usually conversion factors and, therefore, 2170 

are not sources of variation. Otherwise, their contribution to the combined uncertainty should be 2171 

evaluated. 2172 

1. An example of uncertainty estimation for NAP compliance for a chromatographic assay of 2173 

API. 2174 

For metrologically correct analytical procedures for a chromatographic assay of API, the upper 2175 

content limit is not less than 102.0%; therefore, Utg = 2.0% (Annex 2). 2176 

Uncertainty for the analytical signal. Following the harmonized approach (8), the uncertainty for 2177 

the analytical signal (𝑈ெ௘௔௦
௧௚ ) is (Appendix 2):  2178 

𝑈ெ௘௔௦
௧௚  = 0.5 × Utg = 0.5 ×2.0% = 1.0%. 2179 

Sample preparation uncertainty. It is rational to make requirements that the combined uncertainty 2180 

of sample preparation (𝑈ௌ௉
௧௚) also be not more than 0.5 of Utg: 2181 

𝑈ௌ௉
௧௚ = 0.5 × Utg = 0.5 ×2.0% = 1.0%. 2182 

2. An example of the analytical procedure for which an uncertainty estimation for NAP 2183 

compliance is made. 50.0 mg of the substance being tested (m) or reference substance (m0) is 2184 
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dissolved in the diluent and diluted to 50.0 mL (V1 and V01). Then 1.0 mL of this solution (V2 and 2185 

V02) is diluted to 10.0 mL (V3 and V03). 2186 

The calculation formula for the substance content in % w/w (without calculation to dry/volatile 2187 

solvent-free substance) is as follows: 2188 

𝑋 =
௥

௥బ
×

௠

௠బ
×

௏బభ×௏బమ

௏భ×௏మ
×

௉ೃೄ%

ଵ଴଴%
. 2189 

Uncertainty related to the sources of variation during sample preparation (Group 2) is estimated 2190 

as below: 2191 

Variability sources Associated expanded 

uncertainty (%) 

Test solution  

1. Taking a test portion of 50.0 mg of the substance 

being tested  

= 

0.2mg*/50mg×100%=0.4% 

2. Dilution to 50.0 mL (V1) 0.17%** 

3. Taking an aliquot of 1.0 mL (V2) 0.74%*** 

4. Dilution to 10.0 mL (V3) 0.50%** 

Reference solution  

5. Taking a test portion of 50.0 mg of reference 

substance 

= 

0.2mg*/50mg×100%=0.4% 

6. Dilution to 50.0 mL (V01) 0.17%** 

7. Taking an aliquot of 1.0 mL (V02) 0.74%*** 

8. Dilution to 10.0 mL (V03) 0.50%** 

*0.2 mg is the recommended target uncertainty for the weighing operation (normal analytical 2192 

practice recommendation, Appendix 2);  2193 
**Appendix 2, table 2; *** Appendix 2, table 4. 2194 

In this case, it is better to use a graduated pipette of 1.0mL because formally it assures lower 2195 

uncertainty than a transfer pipette of 1.0mL. 2196 

The uncertainty for sample preparation according to NAP recommendations (𝑈ௌ௉
௧௚) can be 2197 

estimated as follows: 2198 

 2199 

𝑈ௌ௉
௧௚ exceeds critical value 𝑈ௌ௉

௧௚ = 1.0%; therefore, this analytical procedure creates an 2200 

unacceptably high risk of obtaining too high uncertainty of X at reproduction of this analytical 2201 

procedure in a laboratory, which complies with pharmacopoeial requirements at the minimum 2202 

level (NAP recommendations). 2203 

It is recommended to optimize the accuracy of the test and reference solutions preparation.  2204 
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The efficacy of sample preparation can be visualized on the diagram: X-axis shows the number 2205 

of the sample preparation operation (No 1-8); Y-axis shows associated uncertainty (%).  2206 

 2207 

The uncertainty estimates tend to decrease and converge with the optimization of the sources of 2208 

variation. 2209 

Operations of the second dilution No 3 and 7 (taking an aliquot of 1.0 mL) need optimization 2210 

first, and then operations No 4 and 8 (dilution to 10.0 mL). 2211 

Using glassware of standard volumes, the modification of the second dilution without changing 2212 

the final concentration can be proposed as follows: 5.0 mL of solution (V2 and V02) is diluted to 2213 

50.0 mL (V3 and V03). 2214 

Then, the uncertainty of sample preparation operations is estimated as follows: 2215 

The variability sources Associated expanded 

uncertainty (%) 

Test solution  

3. Taking an aliquot of 5.0 mL (V2) 0.37% 

4. Dilution to 50.0 mL (V3) 0. 17% 

Reference solution  

7. Taking an aliquot of 5.0 mL (V02) 0. 37% 

8. Dilution to 50.0 mL (V03) 0. 17% 

 2216 

The ratio for estimated uncertainties is shown in the diagram below. 2217 
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 2218 

 2219 

The estimated uncertainty for sample preparation (𝑈ௌ௉
௧௚) can be calculated as follows: 2220 

 2221 

 2222 

As can be seen, after optimizing the accuracy of the preparation of solutions, 𝑈ௌ௉
௧௚ does not exceed 2223 

the critical value 𝑈ௌ௉
௧௚ = 1.0%. Therefore, this analytical procedure does not lead to an 2224 

unacceptably high risk of obtaining too high uncertainty of X and can be approved by the 2225 

developer or used by NQCLs. 2226 

 2227 

  2228 
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