Contents

Preface XV
Y (00 YA T U o - S SUROR XVii
GlOSSArY OF T B M St e XXI
LISt OF ACTONYIMS .ttt sre e XXV
Bibliography XXVil
Acknowledgements XXViii
1. Introduction to Quality ASSUFaNCe.....cccecieeiieiie e 1
1.1. What do we mean by Quality?.....ccccvviiiiiiiiiiiiiieieeceeei .3
1.2. Customer Requirements and the AnalysSt.....cc.ccooveernnn. . 5
1.3. Importance of Chemical AnalysSiS.....ccccoviiiiiiiiiiiiecieen, 7
1.4. Quality Systems, Quality Control and Quality Assurance 8
1.5. The Need for a Quality System ........cccevevieiieiincin e, 1
1.6. Evidence of Unreliable Data.......ccccooovvinnieieiieniniecnnn 12
1.7. Benefits of Good D ata ...cccceeevevieevieecneccieeee, 16
1.8. How do You and Your Laboratory Measure up to the
COoMPELITION? oo e 18
1.8.1. Collaborative Study and Certification Schemes . . . 19
1.8.2. Problems with Interlaboratory Schemes.......cccooeeneen. 20
1.8.3. Proficiency Testing SChem esS.....ccccvviniinnin i 20
1.8.4. Organisation of Proficiency Testing Schemes . . .. 22
1.8.5. Example of Proficiency Testing EXercise.......ccceceevueenen. 24
1.8.6. CONCIUSTON .c.iiiiiiiiticieiee e 29
R BT BN C S it s 32
2. Sampling.......c......... 33
2.1. Sampling Defined 36



Analytical Chemistry by Open Learning

2.2. Types Of SAMPIES ..o 37
2.2.1. Representative Sample .. 37
2.2.2. Selective SamM Ple . 38
2.2.3. Random Sam Ple e 38
2.2.4. Composite Sam ple ., 39

2.3. SAMPING P IaN oo 41
2.3.1. Legal and Statutory RequirementsS.....ccccocvrinninninnnns 41
2.3.2. Sampling SChem €S ., 42

2.4, Quality 0f Sam Ple . 44

2.5. Adequacy of Samples for the Analysis Requested . ... 46
2.5.1. Sampling Uncertainty .....ccccceeoveiievieiec e 46
2.5.2. Measurement SItUALIONS.....ccceviieiiiiiesie e, 47
2.5.3. Number of Primary SampleS.....ccccovviiiiiiiiiciieiiecveciis 50

2.6. SUDSAMPIING ..o 50
2.6.1. Subsampling Procedure ..o, 52

2.7. Sample Registration and StOrage....ccocvveviieiiieiienie e 53
2.7.1. HOIdING T IM € oo 53
2.7.2. Sample DiSPOSal . 54

2.8. Acceptance Sampling—Inspection by Attributes,

LOot-DY-L Ot INSPECLION ..o 55
2.8.1. Drawing a Sampling Plan From the Tables in
ISO 2859-1 (BS 6001).ccccciiiciiiiiienie e seeesiesie e 56
2.8.2. Sampling Plan EXample .. 60
R BT I BN C S it 66
. Selecting the M ethod ... 67

3.1. Purpose of ANalySiS ..o 67

3.2. S0Urces Of M ethodsS. ..o 69

3.3. Factors to Consider in Choosing a Method.........cccccoiiiiiinnnnn, 72
3.3.1. Limit Of DeteCtioN oo 73
3.3.2. A CCUTACY ciiiiiiiieiie ettt 73
33,3, PrECISTON ciii it 73
3.3, S PR e 74
3.35. Equipment Required. ... 74
3.3.6.  SAMPIE SHZE i 74
.37, € 0 S i s 75
3.3.8. S aATELY i 75
3.3.9.  SPECITICITY i 75

3.3.10. MakKing YOour ChOICe .cccceiiiiiiiie e 76



Contents Xi

3.4. Performance Criteria for Methods Used to Determine
Analyte Concentrations in Samples with a Complex
A T 8 I TSP URSPRPRPRIS 78
3.5. Criteria for the Determination of Analytes by Selected
T B C NI UES i snee 82
3.5.1. Thin Layer Chromatography......ccccooeiiiiiiiieiie e 82
3.5.2. Gas Chromatography .. 83
3.5.3. Liquid Chromatography...ccccccevieiieiieiiecie e 84
3.5.4. MaSS SPECIIOM LI cueiiiiiiiieie e 85
3.5.5. INfrared SPECIIOSCOPY covieieriiieieiierie et e 85
3.6. Reasons for Incorrect Analytical ResultS.....ccoevvveviveiiecnenen, 86
3.6.1. INCOM PELENCE o 87
3.6.2. Method USE.....ccociiiiieiiciecee e 87
3.6.3. CoNtaMiNATION cociiiiiece e 88
3.6.4. INTEITEIBNCES it 88
3.6.5. CalibratioN. ..o 90
3.6.6. SAM PIING ciiiiiiiee e 91
3.6.7. L0osses/Degradation ... 91
3.7. Validation of Analytical MethodsS.......cccoocviiiiiniinniie e 91
3.7.1. REPHCATION ciiiiiiiiceeeeeee e 92
3.7.2. RECOVEIY T BSES it 93
3.7.3. BlanK e 94
3.7.4. Alternative M ethod. ... 95
3.7.5. Alternative DeteCtionN ...cccveiiiiie i 95
3.7.6. Reference MaterialS......cccooviviiiiiieni i 96
3.7.7. Collaborative StUdIeS....cccoociiiiiiieiieeeee e 96
3.8. What Can GO W rON g ? o 99
3.8.1. Classical MethodsS.....ccccoiiiiiiiiiiiei e 99
3.8.2. Instrumental TechniquUes......cccccoviiiiiiiciie 100
R BT BN CE S it 101
4. Selecting Equipment and ConsumablesS......ccocooeiiiiieiiciieennn, 103
4.1, ENVIFONMENT. oo 103
4.1.1. Factors Affecting Quality ...c.cccooovvviiiiiiiniiciecee, 104
4.1.2. Laboratory D €SigN e 104
4.1.3. Siting of INStrum entS .., 105
4.1.4. Monitoring Changes .. 105
4-2. Equipment and GlaSSWare......ccccvvvriiniinieeniienee e 108
4.2.1. SEIECHION .o 108

4,22, CONAITION oottt e e e e e e e e aaeans 110



Xii

Analytical Chemistry by Open Learning

4.2.3. ClEANING ..ottt s 1
S 1 VA | o Yo PR 1
4.3. Chemicals and ConsumablesS......cccccoviiiiiiiiiiicin e, 112
A.3.1, Gral @ i s 113
4.32. Labelling e 116
4.3.3. Preparation .. 119
4.3.4. Manipulation......ccccoeiiiiiiiiicc e 120
4.3.5. CONTAINEIS ittt e 121
A.3.6. STOTAQE it 123
A.3.7. SATELY oo 124
4.3.8. DiSPOSAl.iiiiiiii 125
4.4, Maintenance and Calibration......cccoviiiiiiiiiic e 126
R BT BN CE S i 128
Making Measurements and Reporting......cccceeeveevveeceesceesiinenne 129
5.1. Good Laboratory PractiCe......cccceoeiiniiniiieiiiiee e 129
5.1.1. Before Starting an AnalysSiS....cccoviniiniiniennnennn. 130
5.1.2. During the AnalysSiS ..., 132
5.1.3. Afterthe AnalySiS e, 133
5.2. Calibration of M easurementS......ccccooevieiieecieecieciee e, 136
5.3. Chemical Standards and Reference M aterials......cccceeurnen. 138
5.3.1. Reference MaterialS.......cccccovvviviiiiiiinieiiieiiese e 138
5.3.2. Chemical Standards.......ccccovviiiiiiiniiieniese e 139
5.3.3. External Standardisation........cccccceevvvieiieciinie e, 140
5.3.4. Internal Standardisation........cccccevviieiiieciieniee e 140
5.4. Record Management. . 144
541, RECOIUS ottt 144
5.4.2. Generating RECOIUS...ccoocvviiiiieiieiie e 146
5.4.3. Record Identification......cccccocveveevieiicciese e, 146
5.4.4. CopyiNg RECOTIUS. iiiiiiiiicieeieeeece e 147
54.5. Changing R eCOTIdS oo 148
5.4.6. Storing and Archiving RecordsS......ccccoevviieiiieinninnnnn, 148
55. Quality Control. e 148
5.5. 1. BlanKS ..o 150
5.5.2. Quality Control Samples.....ccccooveviivieiiiiieiie e 150
55.3. Repeat Sam ples e, 151
55.4. Blind Sam PlesS . 151
5.5.5. Standards and SPIKES ...cccciieviieice e 151
ST O T O o - Y o 1 o ST 152

5.6.1. The Shewhart Chart....eeeeeeee 153



Contents XL

5.6.2. Moving Average C hart ..., 155
56.3. The CUSUM Chart..iieee e 157
57. Reporting ReSUITS oo 163
6. Measurement UNCertainty .....ccccooiieiieiieii s 167
6.1. Defining UNCertainty ... 168
6.1.1. The Measurement PrOCEeSS. .ccccovverirnieeieenieenee e 168
6.1.2. Uncertainty Definition ..o, 169
B.1.3. ETT OIS i s 169
6.1.4. RANAOM E ITO T i e 170
6.1.5. SYStematiC E rrOr..ccccceeiieiie e 170
6.1.6. Accuracy and PreciSioN ... 172
6.2. Evaluating Uncertainty ...cccccovninninninniineseeeeeeee e 176
6.2.1. Possible Computation Errors.....ecevcveceeivennnene. 176
6.2.2. A Systematic AppProach ..., 177
6.2.3. SPECITICAtION .ciiiiii e 177
6.2.4. 1dentification. ..o 178
6.2.5. QUaNtITICAtION oo 180
6.2.6. COMDBDINATION .ceiiiiiiiii e 184
6.2.7. Expanded Uncertainty ...ccccoocvvvieiiiiecineieeseeceenn, 193
6.2.8. Short Cutsin CalculationsS.......cccoeeeviiiiiiieniinieeienn, 195
6.3. Automating Uncertainty CalculationS..........cccceevevivencnenen. 199
6.4. Putting Uncertainty t0 U S € ..o 202
6.4.1. Interpretation of ReSUItS....ccovviiiiiiiiii 202
6.4.2. Improving the Quality of Results......cccooevveiiineinennen, 208
7. Quality Systems in Chemical Laboratories.......cccccviviieiiinnnen. 211
7.1. The Quality System and the Quality Manual.........c.ccoce........ 212
7.2. The Costs and Benefits of Introducing a Quality System. 213
7.2.1. The Benefits of a Quality System ......cccccceviiviiiiiiieinnns 213
7.2.2. The Costs of a Quality System ....cccccevvevvevieveeviece 214
7.3. Types of Quality Standards for Laboratories........cccccoveennnnne. 218

7.3.1. Assessing Quality Systems Against Quality
StANAATAS i 220
7.3.2. The GLP SCheme. . 221
7.3.3. BS 5750 oo 222
734, NAMAS e e 223

7.4. Principles of GLP Compliance and NAMAS

ACCTEdITaAtION oo 225

741, GLP ReqUITEmM ENTS .ot 225



Xiv Analytical Chemistry by Open Learning

7.42. NAMAS ReqUIremMentS....cccciiiviieiieeie e
7.5. Quality Audits and Quality System ReViewsS......c.ccoecevivernene.
7.5.1. The Importance of Quality Audits and Quality
SYSIEM R EVIEW S ittt
7.5.2. Responsibility for Internal Quality Audits .
7.5.3. Planning of Internal Quality AuditS....c.ccccoevviiernnnn,
7.5.4. Training of Quality AuditorsS....cccccevvvieiiiieiceee,
7.5.5. Conduct of Internal Quality A uditS.....ccocvvvvevrennnnn,
7.5.6. Coverage of Internal Quality Audits.......cccceovevneennnn,
7.5.7. The “Vertical Audit’ ..o,
7.5.8. Quality System ReVIEW ....cccccovevveiievie e

7.5.9. Responsibility for Quality System Reviews .
7.5.10. Organisation and Coverage of Quality System
R BV IBW St
7.6. Responsibilities of Laboratory Staff for Quality
7.6.1. Laboratory Management’s Responsibilities for

7.6.3. Responsibilities of Individual Members of Staff. .
R B B T B N C B S ittt ettt e e e e e e e e e e e e e e e e e e e e e eas
Appendix
1. Critical Values for Student’s t T eSS .

2. A Selection of UK Acts and Regulations which Govern
Permitted Levels of Analytes. ...,

3. Some Sources of Reference Materials........ccccoocvvvviiiiieninnnns
Self-assessment Questions and ReSPONSES..cccovcccevceeccev e s e
UNits 0F M EaSUIrEMENT.....ccoiiiieieee e

Index

245
246

246
248

248
249

251

254

255

257

299

305



