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SCHEDULE FOR DRAFT WORKING DOCUMENT QAS/25.972 37 

WHO General guidelines for the establishment, maintenance 38 

and distribution of chemical reference substances  39 

 40 

 41 

Note from the Secretariat. Access to suitable chemical reference substances remains a challenge for 42 

many laboratories in low- and middle-income countries (LMICs). These challenges arise not only from 43 

the lack of reference standards for certain active ingredients but also from the high costs associated 44 

with their procurement and supply. 45 

While official primary reference substances are essential for conclusively demonstrating compliance 46 

with pharmacopoeial standards, manufacturers, national quality control laboratories and other 47 

stakeholders often rely on secondary reference standards for routine testing. 48 

Description of Activity Date 

Public consultation to evaluate whether the current guideline 

still reflects the status of technology and if not, which sections 

would need to be updated or amended.  

February – May 2025 

Review of feedback received and preparation of the first draft 

working document with an informal drafting group. 

July – December 2025 

Public consultation of the first draft working document inviting 

comments and posting of the working document on the WHO 

website. 

February – March 2026 

Discussion of the feedback received in a virtual meeting with an 

informal drafting group. Preparation of a revised draft working 

document. 

April 2026 

Public consultation of the revised draft working document 

inviting comments and posting of the working document on the 

WHO website. 

May – June 2026 

Review of feedback received and preparation of the draft 

working document for submission to the ECSPP with an 

informal drafting group. 

August 2026 

Presentation of the draft working document to the Sixtieth 

meeting of the ECSPP. 

October 2025 

Any other follow-up action as required.  
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However, the use of secondary reference substances, whether produced in-house or sourced from 49 

national or regional collections, has several limitations. Secondary reference substances should only 50 

be used for the same purposes as the primary reference standards to which they are calibrated. The 51 

uncertainty of their assigned values is typically higher than that of primary reference substances, 52 

which may render them unsuitable for certain applications. Moreover, secondary standards lack 53 

authoritative status in cases of doubt or dispute, often requiring repeated testing with primary 54 

reference substances. Additionally, multiple collections of secondary standards may lead to 55 

divergent test results, potentially causing inconsistencies in medicine dosing regimens across 56 

regions. 57 

The World Health Organization (WHO) is considering revising the General guidelines for the 58 

establishment, maintenance and distribution of chemical reference substances. To ensure the 59 

guideline reflects current scientific and technological advancements and improves global access to 60 

suitable reference substances, WHO invites feedback on the current version of the document below. 61 

The Secretariat will review the feedback received and invite selected experts, based on their 62 

contributions, to discuss and incorporate necessary updates or amendments to address the 63 

identified gaps and challenges. 64 

  65 
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For any further information or request, please send an email to the Norms and Standards for 71 
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Introduction 124 

 125 

In 1975, the World Health Organization (WHO) Expert Committee on Specifications for 126 

Pharmaceutical Preparations recommended the “General guidelines for the establishment, 127 

maintenance and distribution of chemical reference substances” (1). At that time, these general 128 

guidelines were aimed at fostering greater collaboration and harmonization among various national 129 

and regional authorities responsible for collections of chemical reference substances. This aim is still 130 

relevant. The guidelines were initially drawn up specifically for use by the WHO Collaborating Centre 131 

for Chemical Reference Substances in Sweden, which supplies International Chemical Reference 132 

Substances (ICRS). These substances are primarily intended for use with pharmacopoeial 133 

monographs included in The International Pharmacopoeia (2). 134 

 135 

It became evident that to ensure ready availability and cost-effectiveness, and in order to meet 136 

particular national or regional pharmacopoeial requirements, it was necessary to establish chemical 137 

reference substances external to the WHO Collaborating Centre for Chemical Reference Substances. 138 

Since the meticulous work of the WHO Collaborating Centre establishing the international collection 139 

would have to be duplicated in local or regional laboratories, guidelines were necessary to ensure 140 

the integrity of national or regional collections. The 1975 guidelines were reviewed and modified in 141 

1982 (3) and subsequently revised in 1999 (4). 142 

 143 

In 2004, the WHO Expert Committee on Specifications for Pharmaceutical Preparations 144 

recommended the development of more detailed guidelines on the establishment of secondary 145 

chemical reference substances. This additional guidance forms part B of the present revision and is 146 

intended to apply to secondary reference substances supplied as “official”, for example, regional/ 147 

national standards, and not to the working standards of manufacturers or other laboratories. 148 

However, in principle, secondary reference standards prepared by manufacturers can be prepared 149 

as “working standards” using the same procedures. 150 

 151 

The purpose of establishing chemical reference substances is to achieve accuracy and reproducibility 152 

of the analytical results required by pharmacopoeial testing and pharmaceutical control in general. 153 

These substances are normally prepared and issued by the regional or national pharmacopoeia 154 

commission or the regional or national quality control laboratory on behalf of the drug regulatory 155 
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authority. In the context of these guidelines, the general use of a chemical reference substance 156 

should be considered an integral part of a compliance-oriented monograph or test procedure used 157 

to demonstrate the identity, purity and content of pharmaceutical substances and preparations. 158 

 159 

The purpose of establishing secondary reference substances is for use in routine analysis to 160 

determine the identity, purity and, in particular, the content of pharmaceutical substances in 161 

pharmaceutical preparations. The extent of characterization and testing of a secondary reference 162 

substance is less than that for a primary reference substance. It is essential that a secondary 163 

reference substance is traceable to a primary reference substance, such as a pharmacopoeial or 164 

other officially recognized reference substance. In the cases of doubtful results or dispute when using 165 

secondary chemical reference substances, the test should be repeated using the primary standard. 166 

 167 

The establishment of a chemical reference substance is based on the evaluation of the results of 168 

analytical testing. The report should subsequently be approved and adopted by a certifying body, 169 

normally the relevant pharmacopoeial committee or drug regulatory authority. The establishment 170 

of the reference substance can be on an international, national or regional basis. Each substance is 171 

generally established for a specific analytical purpose, defined by the issuing body. Its use for any 172 

other purpose becomes the responsibility of the user and a suitable caution is included in the 173 

accompanying information sheet. The present guidelines are concerned with both primary and 174 

secondary chemical reference substances as defined below. 175 

 176 

The preparation of a chemical reference substance should comply with the requirements for quality 177 

assurance systems, including applicable principles of good manufacturing practices (GMP) and good 178 

control laboratory practices (5–10). 179 

 180 

Adequate training programmes are also required. Both the WHO Collaborating Centre and other 181 

laboratories concerned with the evaluation and establishment of chemical reference substances give 182 

assistance in training, subject to the availability of resources. 183 

 184 

Glossary 185 

 186 

The definitions given below apply to the terms used in these guidelines. They may have different 187 
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meanings in other contexts. 188 

 189 

chemical reference substance. The term chemical reference substance, as used in this text, refers to 190 

an authenticated, uniform material that is intended for use in specified chemical and physical tests, 191 

in which its properties are compared with those of the product under examination, and which 192 

possesses a degree of purity adequate for its intended use. 193 

 194 

international chemical reference substance. International Chemical Reference Substances (ICRS) are 195 

primary chemical reference substances established on the advice of the WHO Expert Committee on 196 

Specifications for Pharmaceutical Preparations. They are supplied primarily for use in physical and 197 

chemical tests and assays described in the specifications for quality control of drugs published in The 198 

International Pharmacopoeia or proposed in draft monographs. The ICRS may be used to calibrate 199 

secondary standards. 200 

 201 

pharmacopoeial reference standards. The specificity of pharmacopoeial reference substances has 202 

been addressed in the introduction of ISO Guide: General requirements for the competence of 203 

reference material producers. “Pharmacopoeial standards and substances are established and 204 

distributed by pharmacopoeial authorities following the general principles of this Guide. It should be 205 

noted, however, that a different approach is used by the pharmacopoeial authorities to give the user 206 

the information provided by certificate of analysis and expiration dates” (9). 207 

 208 

primary chemical reference substance. A designated primary chemical reference substance is one that 209 

is widely acknowledged to have the appropriate qualities within a specified context, and whose 210 

assigned content when used as an assay standard is accepted without requiring comparison with 211 

another chemical substance. 212 

 213 
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secondary chemical reference substance. A secondary chemical reference substance is a substance 214 

whose characteristics are assigned and/or calibrated by comparison with a primary chemical reference 215 

substance. The extent of characterization and testing of a secondary chemical reference substance 216 

may be less than for a primary chemical reference substance. Although this definition may apply inter 217 

alia to some substances termed “working standards”, part B of these guidelines is intended to apply 218 

to secondary reference substances supplied as “official”, for example, regional/national standards, 219 

and not to manufacturers’ or other laboratories’ working standards. 220 

 221 

Part A. Primary chemical reference substances 222 

 223 

A.1 Assessment of need for the establishment of 224 

chemical reference substances 225 

 226 

The production, validation, maintenance and distribution of chemical reference substances is a costly 227 

and time-consuming undertaking. It is, therefore, crucial to determine for certain whether a need for 228 

a given substance exists. Requests for new chemical reference substances usually arise when a 229 

particular approach to developing a specification for a new substance or product has been adopted. 230 

Methods may have been proposed in a specification that require the establishment of a chemical 231 

reference substance for use as a comparative standard. Therefore, the first matter that should be 232 

assessed is whether an alternative, equally satisfactory, procedure could be adopted that does not 233 

require a comparative standard. 234 

 235 

Analytical procedures currently used in specifications for pharmaceutical substances and products 236 

that may require a chemical reference substance are: 237 

– infrared (IR) spectrophotometry, whether for identification or quantitative purposes; 238 

– quantitative methods based on ultraviolet (UV) absorption spectrophotometry; 239 

– quantitative methods based  on  the  development  of  a  colour  and the measurement of its 240 

intensity, whether by instrumental or visual comparison; 241 

– methods based on chromatographic separation for identification or quantitative purposes; 242 

– quantitative methods (including automated methods) based on other separation techniques 243 

that depend on partition of the substance to be determined between solvent phases, where 244 
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the precise efficiency of the extraction procedure might depend upon ambient conditions 245 

that occasionally vary and from laboratory to laboratory; 246 

– quantitative methods, often titrimetric but sometimes gravimetric, that are based on non-247 

stoichiometric relationships; 248 

– assay methods based on measurement of optical rotation; and 249 

– methods that might require a chemical reference substance consisting of a fixed ratio of 250 

known components (for example, cis/trans isomers, spiked samples). 251 

 252 

A.2 Obtaining source material 253 

 254 

Source material of satisfactory quality can be selected from a batch (lot) of the substance originating 255 

from the normal production process, if the purity is acceptable. Further purification techniques may 256 

be needed to render the material acceptable for use as a chemical reference substance. 257 

 258 

The purity requirements for a chemical reference substance depend upon its intended use. A 259 

chemical reference substance proposed for an identification test does not require meticulous 260 

purification, since the presence of a small percentage of impurities in the substance often has no 261 

noticeable effect on the test. 262 

 263 

On the other hand, chemical reference substances that are to be used in assays should possess a 264 

high degree of purity. As a guiding principle, a purity of 99.5% or higher is desirable, calculated on 265 

the basis of the material in its anhydrous form or free of volatile substances. However, where the 266 

selectivity of the analytical procedure for which the chemical reference substance is required is low, 267 

such a degree of purity may not be necessary. In making a decision about the suitability of a chemical 268 

reference substance, the most important consideration is the influence of the impurity on the 269 

attribute measured in the assay when used in a non- specific assay procedure. Impurities with 270 

physicochemical characteristics similar to those of the main component will not diminish the 271 

usefulness of a chemical reference substance, whereas even traces of impurities with significantly 272 

different properties may render a substance unsuitable for use as a chemical reference substance. 273 

 274 

When source material to be used as a chemical reference substance is obtained from a supplier, the 275 

following should be supplied with the material: 276 
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– certificate of analysis with complete information on test methods employed, values found, 277 

and number of replicates used, where applicable, and relevant spectra and/or 278 

chromatograms; 279 

– results of any accelerated stability studies; 280 

– information on optimal storage conditions required to ensure stability (temperature and 281 

humidity considerations); 282 

– results of any hygroscopicity study and/or statement of the hygroscopicity of the source 283 

material; 284 

– identification of impurities detected and/or specific information on the relative response 285 

factor as determined in compendial methods concerning the principal component, and/or 286 

the percentage mass of the impurity; 287 

– updated material safety data sheet outlining any health hazards associated with the 288 

material. 289 

 290 

For new drug substances, manufacturers should be aware that elaboration of pharmacopoeial 291 

monographs will be necessary, and a batch of the new substance should be set aside to be used, if 292 

necessary, as the chemical reference substance. It is desirable for bodies that issue chemical 293 

reference substances to share the same batch of material, even if the substance will be employed 294 

for different test methods. This will require exchange of information concerning the establishment 295 

process, supplier(s), availability and conditions of supply. 296 

 297 

A.3 Evaluation of chemical references substances 298 

 299 

The suitability of a substance proposed for use as a chemical reference requires careful evaluation 300 

by the issuing body. It is necessary to consider all data obtained from testing the material by a wide 301 

variety of analytical methods. When taken as a whole, this will ensure that the substance is suitable 302 

for its intended use. The extent of the analyses required depends on the purpose(s) for which the 303 

chemical reference substance is to be employed and may involve a number of independent 304 

laboratories. 305 

 306 

 307 

 308 
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A.3.1 Use in identification tests 309 

 310 

For use in identification tests (IR spectrophotometry and/or chromatographic methods), a batch of 311 

good quality material selected from the normal production process is satisfactory if it is of acceptable 312 

purity. Additional purification by the supplier may be necessary. The most important check is the 313 

application of the test(s) for which the substance is intended. It is usual for at least one laboratory to 314 

apply all the chemical and physical tests described in the relevant monograph; some tests, such as 315 

those for sterility or for bacterial endotoxins, may not be necessary for materials intended as 316 

reference standards. 317 

 318 

A.3.2 Use in purity tests 319 

 320 

The characterization of a chemical reference substance for use in the determination of a specific 321 

impurity is more extensive, especially when used in a limit test. If the technique employed is thin-322 

layer chromatography (TLC), an acceptable minimum purity is recommended (normally at least 90%), 323 

but purer material (at least 95%) may be required for liquid chromatography (LC) or gas 324 

chromatography (GC). It is usually enough to involve only one laboratory when the reference 325 

substance is used in purity tests. If the proposed reference substance is being prepared or isolated 326 

for the first time, appropriate chemical and physicochemical tests, such as nuclear magnetic 327 

resonance (NMR), mass spectrometry (MS) and elemental analysis, must be applied to characterize 328 

it. 329 

 330 

A.3.3 Use in assays 331 

 332 

If the chemical reference substance is to be used in an assay (colorimetry, LC, GC or UV 333 

spectrophotometry), the extent of testing is much greater. Several (a minimum of three) laboratories 334 

should collaborate in testing the proposed substance, using a variety of established and validated 335 

techniques, including the method used in the pharmacopoeial specification. The relative reactivity 336 

or relative absorbance of the impurities present must be checked when a nonspecific assay method 337 

is employed, for example, by colorimetry or UV spectrophotometry. When a selective assay method 338 

is employed, it is particularly important to determine the quantity of impurities. In such a case, it is 339 
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best to examine the proposed reference substance by as many methods as practicable including, 340 

where possible, absolute methods. For substances that are acidic or basic a titration with alkali or 341 

acid is simple, but other reactions which are known to be stoichiometric may be used. Phase 342 

solubility analysis and differential scanning calorimetry may also be employed in certain cases. 343 

 344 

The total of the determinations of water content, organic solvents, mineral impurities and organic 345 

components should amount to 100%. For most chemical reference substances intended for assays, 346 

the content may be expressed “as is”. When establishing the chemical reference substance it is, 347 

therefore, essential to determine the content of water and residual solvents for a non-specific assay, 348 

and also to determine the content of impurities for a selective assay. 349 

 350 

A.3.4  Use in the calibration of an instrument 351 

 352 

Where the chemical reference substance is to be employed as calibration material, the extent of 353 

testing is similar to that for a chemical reference substance used in assays. Several laboratories 354 

should collaborate in testing the proposed substance using a variety of techniques to check that its 355 

purity is adequate. An appropriate number of collaborating laboratories should also participate, 356 

after the reference substance has been deemed suitable, to establish a value for the essential 357 

property of the substance using an appropriate instrument. 358 

 359 

A.4  Chemical and physical methods used in evaluating 360 

chemical reference substances 361 

 362 

It is important to establish by individual testing that a substance proposed for use as a chemical 363 

reference is suitable for that purpose. 364 

 365 

The methods used to establish the suitability of such a substance fall into two broad groups: those 366 

intended primarily to identify the substance and those used to establish its purity. With most 367 

methods, the percentage purity of a chemical reference substance cannot be expressed as an 368 

absolute value if the impurities have not been identified. The quoted purity is then an estimate based 369 

upon the data obtained by the various analytical methods. 370 
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 371 

A.4.1 Methods used to verify the identity of chemical 372 

reference substances 373 

 374 

Where a proposed reference substance is a substance whose structure has been satisfactorily 375 

defined, its identity may be confirmed by matching the IR spectrum of the substance to that of an 376 

authentic specimen. Particular care should be taken when polymorphism exists (8). Other highly 377 

specific techniques, such as NMR spectroscopy, MS, or X-ray diffraction crystallography, may also be 378 

used for such comparisons. The identity of a substance that is intended to replace an established 379 

chemical reference substance of the same molecular constitution must be verified, to determine that 380 

the characteristic properties of the two specimens are identical. For this purpose, it is often sufficient 381 

to compare their IR absorption spectra. 382 

 383 

However, where no authentic specimen of the proposed substance is available for comparison, and 384 

definitive data about its properties are lacking, it may be necessary to verify its identity by applying 385 

several of the analytical techniques currently used to characterize new compounds. Such analytical 386 

methods may include elemental analyses, crystallographic studies, MS, NMR spectroscopy, 387 

functional group analyses, and IR or UV spectrophotometry, as well as other supplementary tests, as 388 

required, to establish that the proposed substance is fully characterized. 389 

 390 

A.4.2 Methods used to determine the purity of chemical 391 

reference substances 392 

 393 

The analytical methods to be employed in examining a substance should be considered in relation to 394 

its intended use. These analytical methods may be divided into three broad categories: 395 

– those that require comparison with an external chemical reference substance (for example, 396 

chromatographic or spectrophotometric methods); 397 

– those that depend solely on an intrinsic dynamic property (for example, phase solubility 398 

analysis and differential scanning calorimetry); and 399 

– other methods. 400 

 401 
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A.4.2.1 Separation techniques 402 

 403 

The methods used for the determination of purity should be established and validated with system 404 

suitability requirements as appropriate. 405 

 406 

Chromatographic methods. Methods of analysis based on chromatographic separation are especially 407 

useful for detecting and determining impurities in chemical reference substances. High-performance 408 

liquid chromatography (HPLC) is the most widely used chromatographic method, but TLC and GC are 409 

also used. The individual components separated by chromatographic methods may sometimes be 410 

recovered for characterization. 411 

 412 

The selectivity of HPLC and of GC usually exceeds that of TLC. Both of the first two methods also 413 

have the advantage of being readily applicable on a quantitative basis, but they require more 414 

complex equipment. HPLC, employing a spectrophotometric method of detection, is of particular 415 

value in the examination of chemical reference substances intended for use in UV 416 

spectrophotometric assays. The UV wavelength of detection employed for determining the impurity 417 

content of the chemical reference substance should be chosen so that the detection responses of 418 

the substance and its impurities are similar. When the response factors are significantly different at 419 

the optimal wavelength of detection, appropriate corrections must be made to estimate the content 420 

of impurities. LC with diode-array detection is very useful for recording the UV spectra of both the 421 

main peak and the impurities. LC with MS detection is used for identification of separated impurities 422 

as well as for the main component and is particularly important for use with chemical reference 423 

substances for which no other reference standards or IR reference spectra are available. 424 

 425 

In a GC method used for an assay, as with LC, the detection responses of the impurities are 426 

determined. Generally, monograph methods using GC are of particular value in detecting and 427 

determining volatile impurities, including solvent residues, in chemical reference substances. 428 

 429 

TLC uses apparatus that is simple and inexpensive; the technique is easy to carry out and is readily 430 

applicable even in the microgram range. It can separate closely related compounds, such as 431 

geometric isomers and the members of a homologous series. All the constituents of a substance 432 

subjected to chromatography appear somewhere on the chromatogram. However, some 433 
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constituents may remain on the starting line, some may move with the solvent front, some may 434 

migrate at the same rate as the main component, and some may remain undetected. For this reason, 435 

the usefulness of the method may be greatly enhanced by performing two- dimensional 436 

chromatography and by using a number of different solvent systems and a variety of detection 437 

methods. In some cases, the method may be used quantitatively with acceptable accuracy by using 438 

a densitometer. 439 

 440 

Capillary electrophoresis. Capillary electrophoresis (CE) is an increasingly common method. It may be 441 

considered as complementary to LC for detecting impurities. 442 

 443 

A.4.2.2  Methods based on intrinsic thermodynamic properties 444 

 445 

Methods in this group measure total impurity levels in absolute terms. 446 

 447 

Differential scanning calorimetry. This technique is used to check for the presence of different 448 

polymorphic forms and to determine the total amount of solid impurities. Purity estimation is based 449 

on determination of the heat of fusion of the sample and of the change in its melting point caused 450 

by the presence of impurities. This analytical method can be performed rapidly and with high 451 

precision. However, it is not applicable if the substance decomposes on melting. This limits its value 452 

as a general procedure for estimating the purity of chemical reference substances. It is also 453 

inapplicable if solid solutions are formed. 454 

 455 

Phase solubility analysis. The method has occasionally been used but its value is limited and the 456 

procedure is time consuming. It may be employed to detect contaminating substances, including 457 

isomeric species, and to estimate their concentration. Some factors that may make the method 458 

inapplicable are degradation of the substance during the course of analysis, formation of a solid 459 

solution and polymorphism in the main component. 460 

 461 

A.4.2.3  Other methods 462 

 463 

Spectrophotometric methods. UV spectrophotometry is occasionally used to determine purity. Since 464 

it depends upon the presence of a characteristic chromophore, it can detect impurities that 465 
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contribute excessively to the absorbance value and may indicate the presence of impurities that have 466 

a negligible or distinctive absorbance. 467 

 468 

However, the utility of the method is limited by the small number of absorption maxima in the UV 469 

range, the large numbers of compounds containing similar characteristic chromophores, and the 470 

need for an external chemical reference substance. 471 

 472 

IR spectrophotometry may be used to identify and determine the proportions of geometric isomers. 473 

NMR spectroscopy, a powerful spectroscopic identification tool, is also occasionally useful in the 474 

determination of purity. 475 

 476 

Titrimetric methods. Titrimetric methods provide a valuable means of confirming the identity and 477 

purity of a proposed chemical reference substance and are useful in confirming purity values 478 

obtained by other methods. 479 

 480 

Optical rotation methods. Many chemical reference substances are optically active and the relative 481 

proportion of optical isomers can sometimes be determined by an optical rotation method, but 482 

generally such methods lack specificity and sensitivity. However, the quantitative use of these 483 

techniques is well established and can yield results of high precision, depending on the solvent and 484 

the wavelength chosen for measurement, provided that pure substances of individual isomers are 485 

available. Chiral chromatography, NMR and CE are becoming increasingly important. 486 

 487 

Determination of water and organic volatiles. It is essential that an accurate assessment of the 488 

moisture content and the content of volatile substances be made. These total values may often be 489 

obtained by drying under defined conditions that are appropriate to the proposed substance. 490 

Sometimes this may not be possible or may yield misleading results. In such cases, 491 

thermogravimetric analysis may be used to determine the content of water and organic volatiles. 492 

Alternatively, the water content may be determined by Karl Fischer titration and the content of 493 

volatile solvents by GC. Without an accurate assessment of these values at the time that other 494 

determinations are being made, judgements of the acceptability of the proposed chemical reference 495 

substance will be invalid. 496 

 497 
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A.5 Assignment of content 498 

 499 

If a content is to be assigned to a chemical reference substance, it should be borne in mind that the 500 

value is based on the results of a collaborative interlaboratory programme using different analytical 501 

methods. This experimentally obtained value represents the best estimate of the true value. In 502 

general, the value must be further corrected for the fraction of impurity. Sometimes the chemical 503 

reference substances must be dried before use, in which case the content is expressed on the basis 504 

of the dried material.  505 

 506 

A.6 Handling and distribution of chemical reference 507 

substances 508 

 509 

The handling, distribution and use of established chemical reference substances must ensure that 510 

their integrity is safeguarded and maintained throughout their period of use. 511 

 512 

A.6.1  Packaging operations 513 

 514 

Appropriate GMP requirements (6) should be observed. The various stages in packaging chemical 515 

reference substances should be clearly defined and controlled, to avoid contamination of the sample, 516 

mislabeling of containers, or any other event which might result in mishandling or mismanagement. 517 

 518 

Containers for chemical reference substances should protect their contents from moisture, light and 519 

oxygen and must be tested for permeability to moisture. Additional measures may be necessary to 520 

ensure long-term integrity and stability. Most chemical reference substances, however, are 521 

conveniently supplied in moisture-proof containers which should be uniform in type and size to 522 

facilitate distribution. The lack of permeability to moisture and the compatibility of the material of 523 

which the closure is made with the chemical reference substance are important factors in 524 

determining the suitability of container closure systems. The best containers for chemical reference 525 

substances from the point of view of stability are sealed glass ampoules, but these have certain 526 

disadvantages. There is a risk of contaminating the substance with glass particles when the ampoules 527 
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are opened. 528 

 529 

It is preferable to restrict the quantity of reference substance held in each container to that required 530 

to perform the test(s). The use of multidose containers is not excluded but is not recommended. 531 

 532 

Before undertaking any packaging operations, the health hazards of the item to be packaged should 533 

be assessed using suitable information sources, for example, the material safety data sheet. 534 

Appropriate precautions should be taken to protect the person(s) handling the chemical reference 535 

substance. 536 

 537 

The packaging of a batch of a chemical reference substance into containers is a small-scale operation 538 

for which suitable equipment is not always available to the manufacturer of the material. Therefore, 539 

the packaging of chemical reference substances is usually undertaken by the responsible issuing 540 

body. Screw-type feeders have been constructed, but generally the packaging of chemical reference 541 

substances is carried out manually. Substances which are expensive or available only in very small 542 

quantities may have to be divided between containers in solution and then lyophilized or evaporated 543 

to dryness. 544 

 545 

Some chemical reference substances must be packaged under an inert gas or in conditions of 546 

controlled humidity. Therefore, the use of a glove- box or an air-tight cabinet is necessary. Single-547 

use vials can be used for hygroscopic materials. 548 

 549 

A.6.2  Storage 550 

 551 

Information about suitable storage conditions can often be obtained from the manufacturer of the 552 

source material and should be requested routinely when a new chemical reference substance is 553 

established. Theoretically, the stability of the substances should be enhanced by keeping them at 554 

low temperatures but, for substances that contain water, storage below 0 °C may impair the stability. 555 

It should also be remembered that the relative humidity in normal refrigerators or cold rooms may 556 

be high and, unless ampoules or other tightly closed containers are used, the improvement in 557 

stability may be more than offset by degradation due to the absorption of moisture. Storage at about 558 

5 °C, with precautions to prevent such absorption, has proved satisfactory for most chemical 559 
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reference substances. Vials should, however, not be opened until they have attained room 560 

temperature to prevent ingress of moisture by condensation. 561 

 562 

A.6.3  Stability 563 

 564 

A chemical reference substance is an integral part of the drug specification. Thus, if the reference 565 

substance deteriorates, this will change the specification of the drug. It is, therefore, of the utmost 566 

importance that the stability of chemical reference substances is monitored by regular re-567 

examination and that they should be replaced as soon as a significant change in a property is noted. 568 

 569 

The definition of a “significant change” differs according to the intended use of the chemical 570 

reference substance. Several per cent of degradation products found in a substance may not impair 571 

the usefulness of the material in identification tests. For chemical reference substances that are used 572 

in chromatographic assays, however, even small amounts of impurities may be unacceptable. When 573 

establishing a chemical reference substance, consideration must  be given  to its intended  use and 574 

to the performance  characteristics of the analytical methods in which it will be used. The tolerable 575 

degree of degradation will differ from case to case but should be predefined. 576 

 577 

Laboratories in charge of collections of chemical reference substances should have a system for 578 

regular re-examination of the materials in stock. The frequency of re-testing may be modified 579 

according to need. It must be borne in mind that the stability of a specially prepared chemical 580 

reference substance may not always be the same as that of commercial samples of the same 581 

material. 582 

 583 

The selection of suitable analytical methods for monitoring the stability of chemical reference 584 

substances depends on the nature and intended use of the substance. A substance used solely for 585 

identification purposes will normally only require demonstration that it is still suitable for this use, 586 

for example, that the IR spectrum is identical to that obtained during establishment. If substances 587 

are employed for other purposes, the testing must be more extensive, but should use methods which 588 

are rapid and sensitive so as not to consume too much of the existing stock. In many cases it is 589 

important to check that there has been no significant uptake of moisture, which could result in 590 

degradation by hydrolysis and/or a decrease in the assigned content of the substance. 591 
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Chromatography is employed extensively, as are absolute methods such as differential scanning 592 

calorimetry where applicable. Changes in the impurity profile or purity determination usually mean 593 

that the batch must be replaced. Changes which compromise the integrity of the batch indicate that 594 

it should immediately be withdrawn from use. Sometimes a batch of a chemical reference substance 595 

will discolour or otherwise change in appearance. Steps should be taken to replace this substance 596 

whether or not the results of subsequent analyses indicate significant degradation. Such changes in 597 

physical appearance reduce the confidence of the user in the suitability of the chemical reference 598 

substance. Appropriate testing of active bulk substance should be carried out before further 599 

dispensing into vials or ampoules. 600 

 601 

A.6.4 Information to be supplied with chemical reference 602 

substances 603 

 604 

The labels on chemical reference substances should give the following information: 605 

– the appropriate name of the substance: the international nonproprietary name (INN) should 606 

be used wherever possible; 607 

– the name of the issuing body; 608 

– the approximate quantity of material in the container; and 609 

– the batch or control number. 610 

 611 

Where associated documents are provided, they should incorporate relevant items from the list 612 

above. The following information should be given, as necessary, on the labels and/or in associated 613 

documents: 614 

– the name and address of the issuing body; 615 

– the recommended storage conditions (if special conditions apply); 616 

– the intended use of the chemical reference substance; 617 

– directions for use (e.g. storage and handling); 618 

– information about the assigned analytical value of the chemical reference substance 619 

(needed for calculation of the results of tests in which the substance will be used); 620 

– a disclaimer of responsibility in cases where chemical reference substances are misused, or 621 

stored under inappropriate conditions, or used for purposes other than those intended by 622 

the issuing body; and 623 
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– health hazard information or warnings in conformity with national and regional regulations 624 

or international agreements. 625 

 626 

If analytical data are to be supplied with the chemical reference substances, it is recommended that 627 

the data provided be limited to what is necessary for the proper use of the substances in the tests 628 

and assays. 629 

 630 

A.6.5  Distribution and supply 631 

 632 

Distribution of chemical reference substances within the same country usually does not present 633 

problems. However, when samples are to be sent to other countries, both the sender and the 634 

receiver of the goods may encounter difficulties because of the vagaries of postal and customs 635 

regulations, for example, the application of special procedural requirements applicable to 636 

substances under international control. Distributors of chemical reference substances waste 637 

considerable resources in seeking information on different international import regulations, and in 638 

completing the required forms. A way of reducing such difficulties and barriers to effective 639 

distribution of chemical reference substances should be sought. There should be a minimum of delay 640 

in providing the chemical reference substances to the users, and the speediest means of transport 641 

should be chosen. 642 

 643 

A.6.6  Period of use 644 

 645 

Chemical reference substances do not carry an “expiry date” in the conventional sense. To avoid the 646 

unnecessary discarding of satisfactory substances, a mechanism for general control of the batch of 647 

a chemical reference substance may be used by the issuing body. If the  issuing body applies stability 648 

considerations and a monitoring procedure to its collection based on its experience, this should be 649 

a guarantee to the user of the acceptability of the chemical reference substance for its intended  650 

use. 651 

 652 

Whenever a batch of primary reference standards needs to be replaced, the issuing body should, 653 

wherever practical, allow for a transition period. 654 

 655 
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If, exceptionally, it is considered necessary to specify an expiry or re-test date, this should be stated 656 

on the label and/or in a document accompanying the chemical reference substances. Adequate 657 

shipping records should be kept to enable contact to be made with the purchaser of a batch for recall 658 

or other notification. 659 

 660 

The storage and maintenance of unopened containers of the chemical reference substance in 661 

accordance with the information provided are integral to its suitability for use. To avoid potential 662 

doubts concerning the integrity of opened containers, it is suggested that potential users obtain only 663 

the quantities of substances necessary to meet their short-term needs and to obtain fresh stocks 664 

(held under controlled and known conditions) when required. Long-term storage of substances in 665 

opened containers should be avoided. Similarly, efforts should be made to avoid possible 666 

degradation, contamination and/or introduction of moisture during the repeated use of portions of 667 

a substance from the same container. 668 

 669 

Part B. Secondary chemical reference substances 670 

 671 

This new Part B is intended to apply to secondary reference substances supplied as “official”, for 672 

example, regional or national standards. In principle, secondary reference standards prepared by 673 

manufacturers can be prepared as “working standards” using the same procedures. 674 

 675 

B.1  Assessment of need 676 

 677 

The establishment of a secondary chemical reference substance, calibrated against a primary 678 

reference standard substance, may be desirable for various practical reasons, for example, the 679 

primary standard may not be available in adequate quantities to supply all local needs. Moreover, 680 

the availability of such secondary chemical reference substances (for example, on a regional basis) 681 

would reduce the cost and the delay in receiving the reference material. 682 

 683 

The body that establishes a secondary chemical reference substance for national or regional use 684 

should be clearly defined by the appropriate regional or national drug regulatory authority. The 685 

traceability between the secondary and the primary chemical reference substance must be 686 



 

Working document QAS/25.972 

Page 24 
 

 

documented. 687 

 688 

B.2  Obtaining source material  689 

 690 

B.2.1  Selection of candidate substance 691 

 692 

When it is intended to establish a secondary reference substance for use as an assay standard for 693 

the determination of the content of the drug substance itself or in a drug formulation, a source(s) of 694 

pharmaceutical grade substance(s) is (are) identified. Availability of the required quantity is assured. 695 

The guidelines given in section 2 of Part A also apply in this case. If a substance is intended to be 696 

used as an impurity standard, the candidate material may be obtained from commercial suppliers, 697 

provided that the percentage purity is more than 95% (or 90% if for use in TLC). 698 

 699 

B.2.2 Documentation to be supplied with the candidate 700 

reference substance 701 

 702 

The supplier of the candidate reference substance is requested to supply the same documentation 703 

as required for a candidate primary reference substance (see section 2, Part A). 704 

 705 

B.2.3  Initial testing for compliance with the requirements of 706 

the monograph 707 

 708 

The coordinating laboratory is responsible for verifying that the candidate reference substance 709 

complies with the requirements of the monograph, where applicable. In such a case compliance is a 710 

prerequisite to proceeding to the interlaboratory study to assign the content of the secondary 711 

standard. 712 

 713 

B.3  Packaging  714 

 715 
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See section 6.1 in Part A of these guidelines. 716 

 717 

B.4  Interlaboratory testing to establish the assigned 718 

content 719 

 720 

Having demonstrated the suitability of the substance, the content value is assigned on the basis of 721 

the results generated by an interlaboratory trial. At least three laboratories participate in testing the 722 

proposed substance (10). 723 

 724 

B.4.1  Competence of the participating laboratories 725 

 726 

Participating laboratories will have demonstrated their adherence to the concepts of an 727 

appropriate quality management system (9–12). 728 

 729 

B.4.2  Dispatch of the candidate materials 730 

 731 

The proposed secondary reference substance is packaged in appropriate unit quantities. The 732 

quantity of each unit is dependent on the intended use. The proposed substance and the primary 733 

reference substance are dispatched to the participating laboratories in sufficient amounts for 734 

replicate analysis as required by the test protocol. The participating laboratories are instructed to 735 

record any abnormalities observed with the proposed substance. The packaging facilities are 736 

adequate and environmental conditions are controlled to ensure the integrity of the material 737 

throughout the packaging process. 738 

 739 

The following documents should be supplied with the material: 740 

– test protocol; 741 

– test result report form; 742 

– health and safety information; and 743 

– information on the primary chemical reference substance. 744 

 745 
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B.4.3  Test protocol 746 

 747 

While the testing of primary chemical reference substances employs different analytical methods in 748 

a collaborative study, an alternative approach is normally applied to the testing of a secondary 749 

chemical reference substance. Since most secondary reference substances are established to 750 

determine the content of the drug substance itself (for which a pharmacopoeial monograph exists) 751 

and/or the amount of the drug substance contained in a pharmaceutical preparation, it is essential 752 

to use the method specified in the relevant pharmacopoeia to obtain the assigned value. 753 

 754 

The coordinating laboratory prepares the testing protocol, including predefined acceptance criteria 755 

of the results. The protocol clearly describes each step of the procedure and includes data reporting 756 

sheets The experimental design of the interlaboratory study is such that the results are statistically 757 

evaluated to assign a content with an acceptable confidence interval in relation to the permitted 758 

limits of content as set in the definition. Both the number of independent replicate determinations 759 

to be performed and acceptance criteria to be applied are predefined. 760 

 761 

B.4.4 Evaluation of test results 762 

 763 

Test results submitted by the participating laboratories are evaluated in accordance with the criteria 764 

set out in the protocol. The data submitted by each laboratory are tested statistically for “outliers” 765 

and for conformity with the system suitability criteria. Apparent “outliers” are investigated by the 766 

laboratory concerned, remedial action taken, and the analysis repeated. If a valid reason is 767 

discovered for the “outliers” then these are excluded from the statistical evaluation. 768 

 769 

The mean and confidence interval are then calculated. The reference value is assigned using the 770 

mean of the laboratory means. 771 

 772 

B.4.5  Traceability  773 

 774 

The term for “traceability”, for the purposes of this document, is defined as the property of a result 775 

of measurement which can be related to the appropriate standards, generally international or 776 
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national standards, through an unbroken chain of comparison. In other words, when the result of a 777 

measurement is described as traceable, it is essential to specify to what (value of) “appropriate 778 

standards” traceability has been established. 779 

 780 

The assigned value of a secondary chemical reference substance is traceable to the relevant primary 781 

reference substance. In the context of WHO quality specifications the relevant primary chemical 782 

reference substance is usually the ICRS established for use with The International Pharmacopoeia. 783 

In other contexts the relevant primary chemical reference substance will be the reference substance 784 

established for use with another internationally recognized pharmacopoeia (for example, the 785 

European Pharmacopoeia chemical reference substances (Ph.Eur CRS), British Pharmacopoeia 786 

chemical reference substances (BPCRS), or the United States Pharmacopeia reference substances 787 

(USPRS)). 788 

 789 

B.5  Adoption of the secondary reference substance  790 

 791 

The report of the collaborative trial to establish the secondary reference standard is submitted to 792 

the appropriate national or regional body to approve the secondary standard for the uses described. 793 

 794 

B.6  Retesting programme  795 

 796 

See also section 6.3 in Part A of these guidelines. 797 

 798 

A system must be in place to ensure the continued fitness for use of the reference substances. 799 

Normally, a re-test programme is applied. 800 

 801 

Reference substances are regularly tested for stability during their storage. A testing programme is 802 

applied which is designed to detect any sign of decomposition at an early stage using appropriate 803 

analytical techniques. The methods employed are suitable for small quantities, are both rapid and 804 

sensitive, and will have been performed during the establishment phase. 805 

 806 

The frequency and extent of re-testing reference substances depends on a number of factors 807 
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including stability, container and closure system, storage conditions, hygroscopicity, physical form 808 

and intended use. The frequency of testing and the testing methods to be employed for each 809 

reference substance must be documented. 810 

 811 

Reference substances should preferably be subdivided and presented as single-use units. However, 812 

if the reference substance is kept in a multiuse container, then re-testing will need to be more 813 

frequent because there is a greater risk of the uptake of moisture and/or decomposition of the 814 

reference substance. The testing methods should include the determination of water content and 815 

decomposition products. The maximum permitted variation from the assigned value should be 816 

predefined and if exceeded the batch should be re-established or replaced. 817 

 818 

If the batch of primary reference substance used to calibrate the secondary reference substance is 819 

replaced, the secondary reference substance must be recalibrated against the new batch of the 820 

primary reference substance. 821 

 822 

B.7  Information to be supplied with secondary 823 

chemical reference substances  824 

 825 

For details of the information to be supplied see section 6.4 of Part A of these guidelines: 826 

“Information to be supplied with chemical reference substances”. 827 

 828 

B.8  Period of use 829 

 830 

The expiry date is not indicated for secondary reference substances because the substances comply, 831 

where applicable, with the requirement of the pharmacopoeial monograph and are monitored 832 

regularly according to the re-testing programme. The issuing body should have effective means of 833 

communication to inform users of the validity of reference substances. It is recommended that only 834 

an amount sufficient for immediate use be purchased, and that the substances are used as soon as 835 

possible. Once the container has been opened efforts should be made to avoid possible degradation, 836 

contamination and/or introduction of moisture and/or exposure to air. 837 

 838 
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B.9  Distribution and supply  839 

 840 

The distribution of secondary reference substances is carried out in such a manner as to maintain 841 

the integrity of the substance and avoid unnecessary delay in delivery to the users. The following 842 

factors are taken into account: 843 

– conformity with safety and transport requirements; 844 

– export and import procedure when the substance is to be delivered outside the country of 845 

the issuing body; 846 

– customs regulations, for example, special requirements applicable to substances under 847 

international control; and 848 

– means of transportation. 849 

 850 

  851 
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