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SCHEDULE FOR DRAFT WORKING DOCUMENT QAS/19.791: 38 

GOOD CHROMOTOGRAPHY PRACTICES  39 

 40 

41 

Description of Activity Date 

Following a recommendation by the WHO Expert Committee 

on Specifications for Pharmaceutical Preparations (ECSPP) 

by Dr André Van Zyl, a member of the ECSPP, the WHO 

Secretariat was recommended to develop a new guidance on 

good chromatography practices. 

October 2018 

Preparation of first draft working document. December 2018 - February 

2019 

Mailing of working document to the Expert Advisory Panel 

on the International Pharmacopoeia and Pharmaceutical 

Preparations (EAP) inviting comments and posting of the 

working document on the WHO website for public 

consultation. 

February – May 2019 

Consolidation of comments received and review of 

feedbacks.  Preparation of working document for discussion. 

June 2019 

Discussion of working document and feedbacks received 

during the informal Consultation on Good Practices for 

Health Products Manufacture and Inspection. 

July 2019 

Revision of the working document based on comments 

received during the informal Consultation on Good Practices 

for Health Products Manufacture and Inspection. 

End of July 2019 

Mailing of revised working document to the EAP inviting 

comments and posting the working document on the WHO 

website for public consultation. 

August – September 2019 

Consolidation of comments received and review of 

feedbacks.  Preparation of working document for discussion. 

End of September 2019 

Presentation to the Fifty-fourth meeting of the ECSPP. 14 -18 October 2019 

Any other follow-up action as required.  
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GOOD CHROMOTOGRAPHY PRACTICES 42 

 43 

1. INTRODUCTION AND SCOPE 44 

 45 

The use of chromatography methods (such as High Pressure Liquid Chromatography (HPLC) 46 

and Gas Chromatography (GC)) in quality control laboratory analysis has increased 47 

significantly in recent years.  48 

 49 

HPLC and GC methods are used in, for example, the identification of materials and products, 50 

for determination of assay and related substances in materials and products, as well as in 51 

validation such as process validation and cleaning validation.  52 

 53 

Due to the criticality of the results obtained through chromatography, manufacturers should 54 

ensure that the data acquired is accurate and reliable.  Results should meet ALCOA+ principles 55 

(i.e. . attributable, legible, contemporaneous, original and accurate). 56 

 57 

This guideline provides information on good practices to be considered in the analysis of 58 

samples when chromatographic systems are used.  The principles should be applied in the 59 

analysis of, for example, raw materials, starting materials, intermediates, in-process materials 60 

and finished products.  61 

 62 

The principles contained in this guideline are applicable to all types of chromatographic 63 

analysis used in, for example, assay determination, testing for related substances and 64 

impurities, process validation, cleaning validation, cleaning verification and stability testing. 65 

 66 

2. GLOSSARY 67 

 68 

ALCOA  69 

A commonly used acronym for “attributable, legible, contemporaneous, original and accurate”.  70 

 71 

 72 

 73 
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ALCOA+ 74 

 A commonly used acronym for “attributable, legible, contemporaneous, original and accurate” 75 

which puts additional emphasis on the attributes of being complete, consistent, enduring and 76 

available – implicit basic ALCOA principles. 77 

 78 

Backup 79 

A backup means a copy of one or more electronic files created as an alternative in case the 80 

original data or system are lost or become unusable (for example, in the event of a system crash 81 

or corruption of a disk).   It is important to note that backup differs from archival in that backup 82 

copies of electronic records are typically only temporarily stored for the purposes of disaster 83 

recovery and may be periodically overwritten.  Such temporary backup copies should not be 84 

relied upon as an archival mechanism. 85 

 86 

Calibration 87 

The set of operations that establish, under specified conditions, the relationship between values 88 

indicated by an instrument or system for measuring (especially weighing), recording and 89 

controlling, or the values represented by a material measure, and the corresponding known 90 

values of a reference standard.  Limits for acceptance of the results of measuring should 91 

be established. 92 

 93 

Chromatographic column 94 

A tube commonly filled with a stationary phase over which a sample and mobile phase move, 95 

used in chromatographic analysis.  96 

 97 

Data 98 

All original records and true copies of original records, including source data and metadata and 99 

all subsequent transformations and reports of these data, which are generated or recorded at the 100 

time of the GMP activity and allow full and complete reconstruction and evaluation of the 101 

GMP activity.  Data should be accurately recorded by permanent means at the time of the 102 

activity.  Data may be contained in paper records (such as worksheets and logbooks), electronic 103 

records and audit trails, photographs, microfilm or microfiche, audio- or video-files, or any 104 

other media whereby information related to GMP activities is recorded. 105 
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Exponential skim 106 

The creation of a curvature in the skim line in an attempt to approximate the underlying baseline 107 

of the parent peak. 108 

 109 

Exponential curve fitting 110 

The drawing of a curve using an exponential equation through the start and end of the child 111 

peak.  The curve passes under each child peak that follows the parent peak; the area under the 112 

skim curve is subtracted from the child peaks and added to the parent peak. 113 

 114 

Front peak skim 115 

The process of integrating child peaks on the front (upslope) of a peak subject to specified 116 

criteria. 117 

 118 

Integration 119 

The process of applying specified parameters for chromatographic peaks (determination of 120 

height, area and retention time). 121 

 122 

Metadata 123 

Metadata is data about data that provides the contextual information required to understand 124 

those data.  These include structural and descriptive metadata.  Such data describe the structure, 125 

data elements, interrelationships and other characteristics of data.  They also permit data to be 126 

attributable to an individual.  Metadata necessary to evaluate the meaning of data should be 127 

securely linked to the data and subject to adequate review.  For example, in weighing, the 128 

number 8 is meaningless without metadata, such as, the unit, milligram, etc.  Other examples 129 

of metadata include the time/date stamp of an activity, the operator identification (ID) of the 130 

person who performed an activity, the instrument ID used, processing parameters, sequence 131 

files, audit trails and other data required to understand data and reconstruct activities. 132 

 133 

Peak valley ratio 134 

The peak to valley ratio is a measure of quality indicating how well the peak is separated from 135 

other substance peaks. 136 

 137 
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Qualification 138 

Documented evidence that premises, systems or equipment are able to achieve the 139 

predetermined specifications properly installed, and/or work correctly, and lead to the 140 

expected results.  141 

 142 

Rear peak skim 143 

The process of integrating child peaks on the tail (downslope) of a peak subject to specified 144 

criteria. 145 

 146 

Restoration 147 

The process of retrieving electronic data that had previously been backed-up and presented in 148 

a readable format. 149 

 150 

Source data 151 

Original data obtained as the first-capture of information, whether recorded on paper or 152 

electronically. 153 

 154 

Straight line skim 155 

The process of drawing a straight line through the start and end of a child peak.  The height of 156 

the start of the child peak is corrected for the parent peak slope.  The area under the straight 157 

line is subtracted from the child peak and added to the parent peak. 158 

 159 

Tangential skim 160 

The process of integrating a small peak located on the tailing edge of a larger peak.  The 161 

baseline of the small peak becomes a tangent drawn from the valley of the larger peak to the 162 

tangent point on the chromatogram. 163 

 164 

Validation 165 

Action of proving and documenting that any process, procedure or method actually and 166 

consistently leads to the expected results. 167 

 168 

 169 
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Valley height ratio 170 

Valley height ratio is the ratio of the height of the child peak above the baseline to the height 171 

of the valley above the baseline.  This ratio must be smaller than the specified value for the 172 

child peak to be skimmed. 173 

 174 

3. CHROMATOGRAPHIC SYSTEMS 175 

 176 

3.1. Manufacturers should select, install and use chromatographic systems that are 177 

appropriate for the intended use. 178 

 179 

3.2. Vendor qualification should ensure that hardware and software are suitable for their 180 

intended application and that after-sales services will be available. 181 

3.3. Valid agreements should specify the respective responsibilities between the purchaser 182 

and supplier. 183 

 184 

3.4. Systems should meet regulatory requirements and expectations for Good 185 

Manufacturing Practices, including but not limited to, ensuring that data are acquired, 186 

processed and stored in accordance with national legislation and ALCOA+ principles. 187 

 188 

4. QUALIFICATION AND VALIDATION 189 

 190 

4.1. The scope and the extent of validation and qualification of chromatographic systems 191 

should be determined based on risk management principles. 192 

 193 

4.2. The approach to, and execution of validation and qualification, should be described in 194 

an authorized document such as a validation master plan. 195 

 196 

4.3. All stages of qualification should be considered and may include, for example, user 197 

requirement specifications (URS), design qualification (DQ), factory acceptance test (FAT), 198 

site acceptance test (SAT), installation qualification (IQ), operational qualification (OQ) and 199 

performance qualification (PQ).  (See also the Guideline for Computerized Systems). 200 

 201 



Working document QAS/19.791 

Page 8 

 

 

 

4.4. Validation and qualification should be described in protocols and recorded in reports.  202 

Reports should contain documented evidence such as screen shots, printouts or other source 203 

data of tests executed as part of validation and qualification. 204 

 205 

4.5. The data should provide evidence of the consistency of performance of the system, and 206 

reliable and accurate results. 207 

 208 

4.6. Parameters such as, but not limited to, password control, audit trail, access and 209 

privileges, should be described and verified during validation and qualification. 210 

 211 

4.7. Chromatographic systems should be calibrated at periodic intervals in accordance with 212 

written procedures.  Records should be maintained. 213 

 214 

4.8. Root cause analysis, impact and risk assessment should be done when any calibration 215 

parameter is found out of calibration or not meeting the predefined limits.  Appropriate 216 

corrective and preventive action (CAPA) should be taken. 217 

 218 

5. ACCESS AND PRIVILEGES 219 

 220 

5.1. There should be a standard operating procedure (SOP) for the creation and deletion of 221 

user groups and users of the chromatographic system, indicating the relevant privileges 222 

allocated to each user.  Records should be maintained.  223 

 224 

5.2. An up-to-date matrix of user groups and users should be maintained. 225 

 226 

5.3. Users in each group should be appropriately qualified for the responsibility and 227 

privileges given. 228 

 229 

5.4. Manual records of user groups, users and their privileges should be concordant with 230 

electronic data. 231 

 232 
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5.5. Where required, justification should be provided for privileges granted to user groups 233 

or users. 234 

 235 

6. AUDIT TRAIL 236 

 237 

6.1. Chromatographic systems should have (an) audit trail(s). 238 

 239 

6.2. Full audit trails should be enabled from the time of installation of software.  240 

 241 

6.3. Audit trails should remain enabled throughout the life cycle of a chromatographic 242 

system. 243 

 244 

6.4. Audit trails should be reviewed in accordance with an SOP.  There should be evidence 245 

of the regular (each chromatographic analysis) and periodic review (at random checks at 246 

specified intervals) of audit trails. 247 

 248 

6.5. Audit trails are part of metadata and should be stored as part of the data set for all 249 

chromatographic analysis. 250 

 251 

7. DATE AND TIME FUNCTIONS 252 

 253 

7.1. Chromatographic systems should have date and time functions enabled. 254 

 255 

7.2. The date and time function should be locked and access to change the date and time 256 

should be controlled.  This includes time zones. 257 

 258 

7.3. All actions on chromatographic systems should be date and time-tracked. 259 

 260 

8. ELECTRONIC SYSTEMS 261 

 262 

Note: This includes computerized systems  263 

 264 
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8.1. Electronic systems used in chromatographic systems should be suitable for their 265 

intended use. 266 

 267 

8.2. Where possible, all chromatographic systems should be linked to a network. 268 

 269 

8.3. Stand-alone systems should be appropriately managed.  Risk assessment should be 270 

done to ensure that sufficient controls are in place to eliminate the risks associated with stand-271 

alone systems.  These include, but are not limited to, access, privileges, date and time function, 272 

audit trail, back-up and data management 273 

 274 

8.4. Electronic Data Management Systems (EDMS) should be considered for the 275 

appropriate management of data, including acquisition, processing and storage of data.  EDMS 276 

should be appropriate for their intended use and ensure the accuracy and reliability of data 277 

obtained and processed. 278 

 279 

8.5. Appropriate procedures should be followed when a new electronic system is taken into 280 

use.  Procedures should also be followed for the removal of a system from use.  Records should 281 

be maintained. 282 

 283 

9. SOLVENTS, BUFFER SOLUTIONS AND MOBILE PHASES 284 

 285 

9.1. Solvents, buffer solutions and mobile phases should be prepared, stored and used in 286 

accordance with authorized specifications, procedures and pharmacopoeia.  These should be 287 

used within their validated shelf life. 288 

 289 

9.2. Records for their preparation should be maintained. 290 

 291 

9.3. Chemicals, reagents and other materials used should be of appropriate grade and 292 

quality. 293 

 294 

9.4. Mobile phases should be filtered and degassed when required. 295 

 296 
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10. COLUMN MANAGEMENT 297 

 298 

10.1. Columns used in chromatography should be appropriate for their intended use. 299 

 300 

10.2. Columns should be purchased from approved suppliers. 301 

 302 

10.3. Columns should be verified on receipt and checked for their suitability prior to use. 303 

 304 

10.4. Columns, tubing and fittings should be appropriate to ensure that the system performs 305 

as expected. 306 

 307 

10.5. Backpressure and flow rates should be appropriate for the column to be used and 308 

specified in specifications and test procedures. 309 

 310 

10.6. Column efficiency should be appropriate (number of theoretical plates) to ensure good 311 

chromatography. 312 

 313 

10.7. Risks associated with columns, such as “chiral columns”, should be controlled. 314 

 315 

10.8. Flow rate, loading capacity and backpressure should be appropriate to ensure desired 316 

and constant retention time. 317 

 318 

10.9. The use of columns should be recorded in a traceable manner.  This includes, for 319 

example, a unique identification number, number of injections and washing. 320 

 321 

10.10.  Columns should be washed (cleaned or flushed) according to defined procedures which 322 

define the steps and parameters, such as sequence and flow rate. 323 

 324 

10.11. Columns should be stored in a manner that ensures that they are not damaged. 325 

 326 

10.12. Equilibrating columns before, and temperature control of column and mobile phase 327 

during analysis, should be done when specified. 328 
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10.13. Removal of contaminants and regeneration of columns should only be considered when 329 

the appropriate procedures for this had been developed.  330 

 331 

11. SAMPLE MANAGEMENT 332 

 333 

11.1. Sample management (including the receiving and preparation of samples) should be 334 

considered as important aspects in good chromatography practices.  335 

 336 

11.2. Samples for analysis, received in the laboratory, should be entered in an appropriate 337 

record which ensures the traceability of the sample details and analysis.  338 

 339 

11.3. Samples should be stored under appropriate conditions. 340 

 341 

11.4. Samples, blanks and standards should be prepared in accordance with the authorized 342 

specification or standard test procedure.  Records for the preparation should be maintained. 343 

 344 

11.5. Official, secondary or working standards used should be traceable to records 345 

maintained for their purchase, preparation, storage and use. 346 

 347 

11.6. Standard solutions prepared for use in chromatography should be used within their 348 

validated shelf life. 349 

 350 

11.7. Validated or verified (as applicable) analytical methods should be used.  351 

 352 

11.8. The sample set (sample sequence) should be defined and vials with standard solution(s), 353 

sample solution and blank solution should be verified to ensure the correct sequence of 354 

injections in the chromatographic system. 355 

 356 

11.9. Where carry-over or interference in analysis is relevant, suitable precautions should be 357 

taken. 358 

 359 
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11.10. The use of “trial injections”, “system check injections” or other injections that are not 360 

specified as part of a sample set, is not recommended.  In exceptional cases where these are 361 

employed, this should be clearly described in an authorized procedure.  Only standard solutions 362 

may be used for this purpose.  The electronic record of source data should be saved and stored 363 

together with the source data of the sample set for analysis.  364 

 365 

11.11. System suitability (SST) should be part of the sample set.  The SST should be 366 

performed as described in the respective pharmacopoeia monograph or validated in-house 367 

specification and standard test procedure.  SST should meet the predetermined acceptance 368 

criteria. 369 

 370 

11.12. Standard solution injections (bracketing standards) should be consider and included in 371 

the sample set, at defined intervals.  The frequency of inclusion in a sample set should be 372 

justified.  Acceptance criteria should be set and monitored. 373 

 374 

11.13. Acceptance criteria should be set for SST, bracketing standards, deviation from relative 375 

retention, and any other aspect that may be deemed necessary for the chromatographic analysis.  376 

This includes acceptability of peak shapes. 377 

 378 

11.14. Where blank interferences are detected, these should be within limits. 379 

 380 

12. CHROMATOGRAPHIC METHODS (ACQUISITION AND PROCESSING) 381 

 382 

12.1. Chromatographic methods selected should be appropriate for their intended use. 383 

 384 

12.2. Non-pharmacopoeia methods should be developed, validated and detailed on standard 385 

procedures.  These should be followed by qualified, experienced personnel.  386 

 387 

12.3. Where possible, methods should be created and saved by appointed personnel, in the 388 

chromatographic system.  Methods selected for analysis should not be modified unless 389 

approved for the intended purpose by authorized personnel. 390 

 391 
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12.4. Results acquired should be processed through validated methods.  Where methods for 392 

acquisition and processing are different, selected methods should be traceable and reflected in 393 

the audit trail. 394 

 395 

12.5. Methods should be proven to remain in a validated state throughout the life cycle of the 396 

method. 397 

 398 

13. CHROMATOGRAPHIC PEAKS 399 

 400 

13.1. Chromatographic analysis should meet ALCOA+ principles. 401 

 402 

13.2. Factors considered during method validation should include 403 

 404 

• recovery experiments; 405 

• slope sensitivity; 406 

• peak width; 407 

• bunching factor; 408 

• area reject; 409 

• noise threshold; and 410 

• area threshold. 411 

 412 

13.3. Peaks should be reviewed for acceptability according to policies and procedures, 413 

including recommendations and requirements from national regulatory authorities, 414 

pharmacopoeia and analytical validation. 415 

 416 

13.4. Where more than one column has to be used in complex analysis, the procedure and 417 

instructions should be clear in order to ensure that no errors are made during analysis. 418 

 419 

13.5. Procedures should include the recommendations and considerations for good 420 

chromatography practices as described in this guideline, with specific reference to policies, 421 

acceptance limits (as appropriate) and ALCOA+. 422 

 423 
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14. PEAK INTEGRATION 424 

 425 

14.1. Peak areas in analytical chromatograms should be accurately and consistently 426 

integrated in a scientifically sound manner. 427 

 428 

14.2. Where possible, HPLC and GC instruments should be interfaced with computerised 429 

chromatographic data capturing and processing systems which are capable of performing the 430 

integration process automatically.  431 

 432 

14.3. The same integration parameters should be applied to all peaks in a sample set or sample 433 

sequence unless otherwise scientifically justifiable. 434 

 435 

14.4. Personnel should select appropriate values for the parameters (such as, slope sensitivity, 436 

noise threshold, peak width, area threshold and bunching factor and skim ratio) which are used 437 

by the processing software to define the respective chromatographic peaks. 438 

 439 

14.5. To facilitate the accurate integration of chromatographic peaks, it is necessary that all 440 

of the peaks are fully separated.  If quantitative data must be obtained from unseparated peaks, 441 

the laboratory should have clear policies as to how such peaks should be integrated.  This 442 

should include a description as to when it is acceptable to use different functions for integrating 443 

unresolved peaks, such as: 444 

 445 

• tangential skim; 446 

• exponential skim; 447 

• exponential curve fitting; 448 

• straight line skim; 449 

• front peak skim; 450 

• rear peak skim; 451 

• peak valley ratio; and 452 

• valley height ratio. 453 

 454 
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14.6. Validated methods, specified chromatographic conditions and good chromatography 455 

practices should facilitate obtaining symmetrical peaks.  Where fronting, tailing, split peaks or 456 

other types of peaks are observed, these should be investigated, the root cause identified and 457 

appropriate CAPA taken. 458 

 459 

14.7. Where manual integration has to be done, authorized procedures should be followed.  460 

Records should be maintained which include the authorization and justification for manual 461 

integration. 462 

 463 

14.8. Using a procedure to integrate peak height or area by manually setting the baseline 464 

using chromatographic software should only be allowed in exceptional cases.  Only a selected 465 

number of users should be granted privileges to do so.  Records and justification should be 466 

given when this procedure is followed. 467 

 468 

14.9. Where smoothing is applied, the type of “filter” used and extent of smoothing should 469 

be justified. 470 

 471 

15. CLEANING VALIDATION 472 

 473 

Note. For recommendations relating to cleaning validation, see Annex 4, Supplementary 474 

Guidelines on Good Manufacturing Practices: Validation (WHO Technical Report Series, No. 475 

937, 2006, Appendix 3). 476 

 477 

15.1. Where possible, specific methods should be developed, validated and then used in 478 

cleaning validation and cleaning verification. 479 

 480 

15.2. Chromatographic methods selected should be specific and appropriate to detect the 481 

presence of the substance to be analysed. 482 

 483 

15.3. Data and results should be managed in accordance with these guidelines and other 484 

relevant guidelines relating to cleaning validation, chromatography and applicable chapters in 485 

pharmacopoeia. 486 
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15.4. Data and results should be retained for appropriate times to enable inspection thereof. 487 

 488 

16. DATA MANAGEMENT 489 

 490 

16.1. Chromatographic data acquired should be attributable, legible, original and accurate.  491 

 492 

16.2. Procedures should be followed for the processing of data and reporting of results. 493 

 494 

16.3. Data should be backed up according to procedures and records maintained as proof 495 

thereof.  Special care should be taken to ensure frequent back up of data from stand-alone 496 

systems to prevent loss of data. 497 

 498 

16.4. Data should be safely stored, including control over access to data.  Backed-up data 499 

should be randomly selected for restoration and verification, at defined intervals. 500 

 501 

16.5. Where appropriate, hard copies of data (including metadata) and results should be 502 

retained as part of the analytical report reflecting analysis performed. 503 

 504 

Note: See other guidelines addressing computerized systems, data integrity and good 505 

documentation practices. 506 

 507 

16.6. Procedures should be in place to allow for recovery of chromatographic data in case of 508 

disasters such as instrument failure, viruses, hardware or software failure and power failure. 509 

 510 

16.7. Complete data should be retained for appropriate periods of time to allow for data 511 

verification, registration or other reasons. 512 

 513 

 514 

  515 
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Acronyms 516 

 517 

ALCOA attributable, legible, contemporaneous, original and accurate 518 

CAPA  corrective and preventive action 519 

DQ  design qualification 520 

EDMS  Electronic Data Management Systems 521 

FAT  factory acceptance test 522 

GC  gas chromatography 523 

HPLC  High Pressure Liquid Chromatography 524 

IQ    installation qualification 525 

OQ  operational qualification 526 

PQ  performance qualification 527 

SAT  site acceptance test 528 

SOP  standard operating procedure 529 

SST  system suitability 530 

URS  user requirement specifications 531 

 532 

  533 
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Further reading 534 

 535 

The International Pharmacopoeia, http://apps.who.int/phint/2018/index.html 536 

 537 

European Pharmacopoeia, https://www.edqm.eu/en/european-pharmacopoeia-ph-eur-9th-538 

edition 539 

 540 

United States Pharmacopoeia, http://www.usp.org/ 541 

 542 

Appendix 5:  Validation of Computerized Systems Annex 3 (Technical Report Series No. XX, 543 

Annex 3, 2019) 544 

 545 

Guidance on Good Data and Record Management Practices (WHO Technical Report Series 546 

No. 996, 2016, Annex 5)  547 

 548 

*** 549 
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