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a
aberrant result see atypical result
acceptance criteria 15 ff, 77 ff, 197, 246, 250,

253, 256, 259, 261, 263, 264, 338
– analytical transfer 6, 291 ff
– and analytical variability 265 ff
– statistical test 12
acceptance limit 327
– absolute 12, 33, 69, 93
– precision 10 f, 35 ff
– specification 10, 107, 274 ff
– validation 9 ff
accreditation 241
accuracy 63 ff, 205 ff, 248, 251
– drug product 67 ff
– drug substance 64 ff
– NIR 70
acoustic signal 393
adjustments 177, 350 f
alpha-error see error probability
analysis of variances 32 f, 35, 50, 160, 292
– equation 33
analytical development seemethod

development
ANOVA see analysis of variances
ANOVA lack-of fit 91
appearance of solution 308
area normalisation 8, 72, 81, 99
artefacts 59, 71, 100
assay 248, 293 ff, 326 ff
atomic absorption spectrometry 171, 312 ff
atypical result 355 ff
automation systems 394

b
basic limit 10, 274 f
bias 328
blank 54, 101, 108 ff, 171, 190, 312, 337
bracketing 366 ff

c
calibration 32, 72, 79, 88, 171, 231, 238 f,

312 f, 394
– mode / model 8, 11, 17, 63, 80, 98
– multiple point 17 f, 81, 195
– multi-variate 97, 392
– predetermined parameters 6
– single-point 17 f, 81, 85, 92, 95 f, 100
– universal 64
calibration and preventive maintenance 349 f
capillary electrophoresis 318
case study 195 ff
certification 241
change 239, 283, 350 f, 352
change control 348 ff
check standard 11
checklist 3, 5, 7
chromatography modelling software 127 ff
cleaning limit 75
cleaning method 6, 8, 10, 54, 74 ff
coefficient, correlation 17, 83, 88 f, 249
– quadratic 90
co-elution 57 ff, 62, 71
collaborative trial 192
column screening 128
column selection 178 ff
comparative studies 286, 290, 291 ff
comparison, with a reference 16
– with an independent procedure 15 ff
concentration dependency, precision 38 ff,

49, 362
– recovery 69, 76
– residuals 95
confidence interval 16, 27 ff, 65 f, 162 f, 268,

276, 295
– intercept 83, 93
– quadratic coefficient 90
– recovery 68 f
– slope 83
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content uniformity 248, 297
control charts 344 ff, 378 ff
control sample 339 ff
corrective action and preventive action

(CAPA) 341
correlation matrix 153
cumulative sum (CUSUM) chart 344, 380 ff

d
DAD see diode array detection
1st derivative 57
design, analytical procedure 5, 9, 11
– factorial 34, 125, 142 ff
– of experiments 125, 127, 142 ff
– Plackett-Burman 125, 142 ff, 149, 153
– validation studies 5, 7 ff, 8, 14
detection limit see quantitation limit
determination of water 319 ff
deviation see difference
difference, acceptable 12 f, 25, 65, 78
– between means 16, 33, 65, 295, 297
DIN 32645 115
diode array detection 59
dissolution 259 ff, 276, 297
distribution, of data 22 ff, 363
– normal 22 ff, 266
– of standard deviations 25 f
– upper limit 35, 43 ff, 79
Dixon’s Q test 374 ff
DL (detection limit) see quantitation limit
documentation 233
DOE see design of experiments
DPhG see German Pharmaceutical Society
DQ see qualification, design
drift 102, 108
drug product 38, 43 ff
drug substance 38
DryLab 129 ff
dwell volume 185 ff

e
early development candidate (EDC) 127
early drug development 244 ff
equivalence test 12 f, 16 ff, 65 ff, 69, 93, 293
error, a, b 109 f
– contribution 31, 40, 45, 273 f, 275, 276
– probability 28, 65, 84, 266
– propagation 27, 55, 269 ff
ESD see extreme studentised deviate test
– see also Grubbs-test
extra-column volume 183 f
extrapolation 100, 112
– intercept 93
extreme studentised deviate test 372

f
factors, levels 147 ff
– qualitative 148
– quantitative 147
failure investigation 355 ff
filter check 261
fit for purpose 229, 302, 360, 387
F-test 64, 91, 292
fuzzy logic 395

g
gas chromatography 318
Gaussian distribution see distribution, normal
German Pharmaceutical Society (DPhG) 265
gradient elution 183 ff
graph see plot
graphical presentation see plot
Grubb’s test 372 ff

h
Hampel test 375
heavy metal test 171
heteroscedasticity 86, 91, 94 f, 99
histogram 22 ff
homogeneity of variances 33, 81, 110
homoscedasticity see homogeneity of variances
Horwitz 38 f, 49, 362
Hsu Nielsen source 394

i
identification 304 ff
impurities 277, 298
information pyramid 6
infra-red spectrometry 170
injection precision see system precision
injection repeatability see system precision
injection sequence 367 f
instrument precision see system precision
integration error 39, 51, 194
integration mode 55, 72
intercept, confidence interval 92
– evaluation 18, 69, 92, 256
– standard deviation 113
interferences 312 f
intermediate precision 11, 32 ff, 45 ff, 70,

122, 209, 273, 292, 314, 361, 371
– equation 33
internal standards 41
IQ see qualification, installation
ISPE-Guide 291, 294

k
Karl Fischer titration 319 ff
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l
laboratory readiness 287 ff
lack of fit test 90 f
least square regression see regression
level of significance see error probability
leverage 84, 116
limit of detection see quantitation limit
limit of quantitation see quantitation limit
limit test 308, 310 ff
linear regression see regression, linear
linearity 80 ff, 202 ff, 248, 251
linearity test, statistical 90 ff
liquid chromatography 315, 330 ff
log-books 234
loss on drying 319

m
maintenance 235
Maldener test 31
Mandel test 91
manufacturing variability 265, 295
Marfey’s reagent 53
mass spectrometry 59
matrix 41, 52, 71, 80, 98, 118 f, 119, 145,

204 f, 275, 312
median 30, 97, 375
method capability index 11, 25, 362 ff
method development 122, 127 ff, 258, 268,

330, 365, 371
method selection 283 ff
method verification 258
100%-method, 100%-standard see area

normalisation
MLR see regression, multiple linear
MODDE 152 ff
model validity 154 ff
– see also validity
modification 177
monitoring 337 ff
monograph 302
MS see mass spectrometry
MVA (validation software) 123, 197

n
near infrared spectroscopy (NIR) 68, 70,

389 ff
noise 102 ff

o
one-factor-a-time 125
OOE see out-of expectation
OOS see out-of specification
OOT see out-of trend

optimisation 75, 129 ff
– pseudo 267 f
OQ see qualification, operational
out-of control 346
outlier tests 24, 84, 371
out-of expectation (OOE) 366 ff, 371 ff
out-of specification (OOS) 28, 357, 366 ff,

378 f
out-of trend (OOT) 366 ff

p
parameter, method 122 ff
– robust 30
peak asymmetry 59
peak homogeneity see peak purity
peak purity 52, 54, 57 ff, 62
peak shape analysis 57 ff, 62
peak-to-valley ratio 15, 55, 174
performance, analyst 341
– instrumental 342
– measurement 357 ff
pH measurement 308 f
pharmacopoeia 301 ff
plate number 172
plot, coefficient 161 ff
– contour 130, 166 ff
– dot 372
– effect 163
– Manhattan 383 f
– normal probability 151
– prediction 166
– relative uncertainty 117
– replicates 154 ff, 157
– residual 17, 86 f, 91
– sensitivity 17, 88
– SweetSpot 167
powder blend uniformity 391
PQ see qualification, performance
precision 21 ff, 126, 248, 251, 358
– acceptable 35 ff
– concentration dependency 38 ff, 49, 70,

362
– levels 30 ff, 51, 271
– results 36, 42 ff
– sources 49 f
– see also repeatability, intermediate precision,

reproducibility,
prediction 132 ff, 166 ff
prediction interval 84 ff, 108, 114 ff, 266
probability, density function 23
process capability index 294, 364
pure error 86, 91, 151, 154, 158 f
purity 307 ff
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q
QL see quantitation limit
qualification 41
– design 230, 234 ff
– equipment 31, 229 ff
– installation 230, 236 ff
– operational 231, 237 ff, 339
– performance 231, 237 ff, 339
quality assurance, analytical 6, 49, 339
quality by design 387 f
quality control 337 ff
quantitation limit 108, 210 ff, 251 f
– actual 104
– comparison of approaches 118
– from linearity 110 ff
– from precision 117 ff
– from relative uncertainty 116 f
– general 106

r
range 99 f
real time 389
re-chromatography 59, 62, 72
recovery 67 ff, 251
– cleaning method 75 ff
– factor 76
– function 16, 69 f
– impurities 71
– percent 16, 68 ff, 206 ff
reference standard 13, 45, 304, 314, 330 f
refractive index 73
regression, concentration range 82, 110, 119,

253 f
– multiple-linear 144 ff
– non-linear 18, 97
– quadratic 91
– robust 97
– unweighted linear 16 ff, 81 ff, 110, 249
– weighted linear 18, 82 f, 94 ff
related substances 193
relative standard deviation see standard

deviation
relevance, for routine application 14, 54, 62
– practical 12 f, 33, 65, 69, 77, 90
– routine conditions 57
repeatability 11, 31 ff, 39 ff, 43 ff, 171, 180,

191, 208, 272 f, 292, 295, 311, 314, 327, 361
reportable result 107, 359 ff
reporting threshold 10, 19, 99 f, 106, 190
reproducibility 32 ff, 45 ff, 122, 180, 273, 361
re-qualification 239 ff
requirement 229
– calibration 81

– precision 191
– regulatory 4 f, 9 f, 284
– resolution 57, 62, 188
– safety 101
residuals 81 f, 85 ff, 95, 145, 159, 313, 371, 377
residual solvents 322 ff
residual standard deviation 17, 50, 83, 88 f,

112, 249, 255
resolution 55 ff, 173 ff, 181, 380
– factors 52, 55 f
– map 130 ff
response, detector 102 ff
– factors 72 ff, 181, 257, 316
– function 8, 80
– robustness 150, 162
re-validation 286, 352 ff
review 285
RI see refractive index
risk-based approach 299
robustness 32, 57, 120 ff, 173, 350 f, 395
– parameter 124 f, 142
– study 131 ff, 151 ff
Rosner’s ESD test 373 f
ruggedness 33, 121, 126, 337

s
sample, preparation 8, 34, 39, 51, 53
– pre-treatment 271
– virtual 390
sampling 75
SD see standard deviation
selectivity 52 ff, 172 ff, 260
self-qualification 286, 290
sensitivity 86 ff, 190
– see also quantitation limit
sensor 391
Shewhart chart 278 ff
signal-to-noise ratio 190
– from the blank 108
significance, of correlation coefficient 89
– statistical 12, 66 f
– tests 12 f, 29, 65, 77 f, 292 f
simple comparison 291 f, 294
SOP see standard operating procedure
specific optical rotation 310
specification 195, 265
– functional 230, 234
– internal 343
– limit see acceptance limit, specification
– operational 230, 235
– out-of 28, 284, 366
specificity 52 ff, 65, 201 f, 246, 249, 260,

304 f, 352

Index402



spectrophotometry 310
spiking 52, 67, 71, 75, 118
SRCL (specific residual cleaning limit) see

cleaning limit
SSC see system suitability check
SST see system suitability test
stability, cleaning method 77
– of test solutions 122, 249, 343
– as source of precision 49 ff
– studies 10, 276
standard addition 70, 312 f, 321 f
standard deviation 23, 25 ff, 36, 51, 68, 76,

78, 82, 107, 109, 160, 171, 191, 193, 249,
255, 266 ff, 277, 296 f, 321, 328, 358, 363,
381 f

– distribution of 26, 35
– equation 31, 33
– of means 11, 33
– residual 17, 50, 83, 88 f, 112, 249, 255
standard error, of prediction 70
– of the mean 28, 365
standard operating procedure (SOP) 234, 342
stationary phase 178 ff, 315
statistical confidence see error probability
statistical process control (SPC) 351 f, 364
stress studies 8, 54, 128
student-t-distribution 266
student-t-factor 28, 65
suitability 5, 8, 9 ff, 13, 50, 63, 70, 117, 201,

231, 243 f, 315, 388
– equipment 41
– lack of 41, 54, 88, 363
summary of fit 154, 157
swab 54, 75
symmetry 176
system precision 31 ff, 39, 41 ff, 49, 119,

191 ff, 208, 271
system suitability checking (SSC) 231, 238
system suitability test (SST) 31, 41, 49, 119,

151, 170 ff, 338 ff

t
target 36
target standard deviation 15 ff, 43, 78, 272 ff
thin-layer chromatography 318
titration 327 ff, 340
traceability 231, 238
training 286, 288 f

transfer 6
– method 43, 49, 188, 281 ff
– strategy 286 ff
trend, analysis 378 ff
– out-of 366
– trend test 123
trueness 359
TSD see target standard deviation
t-test 16, 64, 78, 92, 292

u
uncertainty 28, 30, 70, 73, 84 ff, 93, 148,

266 ff, 294, 363
– measurement 27, 241, 359
– relative 115 ff, 210
URS see user requirement specification
user requirement specification 231

v
validation 231
– analytically based control systems 394 ff
– characteristics 4, 303
– continuous 395 f
– during drug development 243 ff
– efficient 5, 247
– life-cycle 5 f, 14, 49, 396
– methodology 201 ff, 245
– pharmacopoeial methods 301 ff
– protocol 7, 54, 197 ff, 246
– simultaneous 7
– software 13, 197
– study 195 ff, 248 ff, 251 ff, 259 ff
validity 8, 119, 120, 395
p-value 65, 67
variability 361
– contribution 31 ff, 32, 45, 79, 92
– limit 25
– see also precision
variance see standard deviation
variation see precision

w
water determination 171
weighting factors 95 f

z
z scores 371 ff

Index 403




