
Index
 

A 
Accuracy, 8, 166
 

flow rate, 279
 
gradient, 279
 
photometric, 273
 
wavelength, 270
 

Action limit lines, 288
 
Analysis of variance see ANOYA
 
ANOYA,67
 

computational scheme
 
one-way ANOYA, 68
 
two way-ANOYA, 69
 

models, 68
 
uses
 

certification of materials, 126
 
comparison of more than two means, 69
 
interlaboratory-study, 306
 
lack-of-fit test for linearity, 138
 
method performance study, 307
 
standard deviation in quality control, 289
 

Analytical error, 85
 
Analytical result, see also predicted value,
 

20,85
 
Assigned value, 312, 313
 

B
 
Balance, requirements according to USP, 284
 
Bias, 7
 
Blank, blank method, 203, 207, 209
 
Blank control chart, 290
 
Box and whisker plot, 44
 

C 
Calibration
 

conditions, 81
 
function
 

linear, 83
 
graph,85
 

quadratic 103
 
simplified linear, 100
 

Certified reference material, 305
 
Chi-square, table of critical values, 348
 
Chromatogram, performance parameters, 241
 
Cochran test, 56, 307
 

table of critical values, 351
 
Coefficient of variation (CY), 307
 
Confidence interval, 19
 

and quality, 22
 
definition, 19
 
for mean values, 20
 
linear regression
 

intercept, 85
 
predicted value, 86
 
slope, 86
 

quadratic
 
predicted value, 105
 
simplified linear
 
predicted value, 101
 
slope, 100
 

Constant systematic errors, 166
 
check for, 175
 

Control charts, 287
 
and measurement uncertainty, 334
 
CuSum charts, 298
 
Shewhart charts, 288
 

out-of-control rules, 289
 
range chart, 290
 

Correlation analysis, 79
 
Correlation coefficient, 79
 
Covariance, 189
 
Critical value, 20, 207
 

table according to
 
Cochran test, 351
 
David test, 350
 
Dixon test, 349
 
Grubbs test, 348
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trend test, 352
 
table of
 

F-distribution, 346, 347
 
t- distribution, 346
 
X2 

- distribution, 348
 
CuSum charts, see control charts
 

D
 
David test, see normal distribution
 
Dead volume, 280
 
Decision limit, 39
 
Degrees of freedom, 16
 

ANOVA,68
 
linear regression, 86
 
simplified linear regression, 100
 

Design, ANOVA, 70
 
Detection, limit of, 206
 

calculation, 209, 210
 
by a quick method, 211
 

Distributions, 10
 
standardized normal, 11
 
t-, II, 20
 

Dixon test, 43
 
table of critical value, 349
 

E
 
Error, 1
 

(X- (Type I) 38, 39, 207, 208
 
~- (Type II) 39, 208
 

analytical, 85
 
calibration, 84
 
constant systematic error, 166, 175, 189
 
gross, 9
 
propagation of, 26
 
proportional systematic, 167, 176, 179, 188
 
random, 7, 10
 
systematic, 7, 190
 

Expanded uncertainty, 325
 

F 
F-test
 

ANOVA, 69, 71
 
comparison of two standard deviations, 51
 
table of critical value
 

for P = 95%, 346
 
for P = 99%, 347
 

Factor, 70
 
Flow rate accuracy, 279
 
Frequency, 10
 

G
 
Gaussian
 

distribution, 11
 
law of error propagation, 26
 

Index 

ordinary least squares estimation, 83
 
Gradient accuracy, 279
 
Grubbs test, 43, 306
 

table of critical value, 348
 

H 
Headspace gas chromatography (HS-GC)
 

method development, 251
 
multiple (MHE), 254
 
validation, 253
 

Histogram, 10
 
Homogeneity of variances, 155
 

ANOVA,69
 
regression function, 155
 
test for, see F-test
 

HPLC instrument, performance
 
veri fication, 279
 

I
 
Independent variable, 81
 
Instrumental precision, 118
 
Interactive (ANOVA)
 
Intercept, 84
 

calculation, 84
 
standard deviation of, 85
 

Intermediate precision, 122
 
Interquartile range, 44
 

and box plot, 45
 

L 
Least significant difference (LSD), 69
 
Least square estimation, 83
 
Least square regression, see linear regression
 
Limit of detection, see detection, limit of
 
Limit of quantification, see quantification,
 

limit of
 
Linear regression, 91
 
Linearity, 132,279
 

and stray light, 272
 
of calibration lines, 132
 
of the injected volume, 279
 
test for
 

lack-of-fit test by ANOVA, 138
 
Mandel test, 136
 
quality coefficient, 132
 
significance of the quadratic
 

regression coefficient, 143
 
visual inspection, 134
 

Lower action limit LAL, 288
 
Lower warning limit LWL, 288
 

M
 
MAD, 44, 313
 
MADE,313
 

Index 

Mandel test, 136
 
Mean, mean value, II, 12
 

comparison of, 59, 67
 
standard deviation of, 17
 

Mean absolute deviation, 44
 
Mean control chart, 290, 334
 
Mean squares (ANOVA), 140
 
Measurement uncertainty, 8, 319
 

cause and effect diagram, 321
 
combined uncertainty, 322
 
definition of, 320
 
expanded uncertainty, 320
 
identifying of uncertainty sources, 321
 
Nordtest procedure, 333
 
quantifying uncertainty, 322
 
spreadsheet method for calculation, 325
 
steps in specifying measurand, 321
 
type AlB, 320
 

Median, 12
 
Method development, 241
 

for chromatographic methods, 241
 
for headspace gas chromatography, 251
 
forMHE,254
 

Method performance, 306
 
Multiple headspace extraction MHE, 254
 

N 
Neumann test, see trend test by Neumann
 
Normal distribution, 10
 

rapid test for, 40
 

o 
One-sided hypothesis test, 38
 
Outliers, 9
 

and box plot, 45
 
tests for
 

Dixon, 43
 
Hampel, 43
 
Grubbs, 43
 

Out-of-control situation, 289
 

p 
Peak symmetry, 242
 
Pearson criterion, 20
 
Performance verification of
 

balances, 284
 
HPLC instruments, 279
 

column temperature, 280
 
detector, 280
 
injector, 279
 
pump, 279
 

UV-Vis spectrometers, 270
 
photometric accuracy, 273
 
resolution, 272
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Index 

Mandel test, 136
 
Mean, mean value, II, 12
 

comparison of, 59, 67
 
standard deviation of, 17
 

Mean absolute deviation, 44
 
Mean control chart, 290, 334
 
Mean squares (ANOVA), 140
 
Measurement uncertainty, 8, 319
 

cause and effect diagram, 321
 
combined uncertainty, 322
 
definition of, 320
 
expanded uncertainty, 320
 
identifying of uncertainty sources, 321
 
Nordtest procedure, 333
 
quantifying uncertainty, 322
 
spreadsheet method for calculation, 325
 
steps in specifying measurand, 321
 
type MS, 320
 

Median, 12
 
Method development, 241
 

for chromatographic methods, 241
 
for headspace gas chromatography, 251
 
forMHE,254
 

Method performance, 306
 
Multiple headspace extraction MHE, 254
 

N 
Neumann test, see trend test by Neumann
 
Normal distribution, 10
 

rapid test for, 40
 

o 
One-sided hypothesis test, 38
 
Outliers, 9
 

and box plot, 45
 
tests for
 

Dixon, 43
 
Hampel, 43
 
Grubbs, 43
 

Out-of-control situation, 289
 

p 
Peak symmetry, 242
 
Pearson criterion, 20
 
Performance verification of
 

balances, 284
 
HPLC instruments, 279
 

column temperature, 280
 
detector, 280
 
injector, 279
 
pump, 279
 

UV-Vis spectrometers, 270
 
photometric accuracy, 273
 
resolution, 272
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stray light, 271
 
wavelength accuracy, 270
 

Photometric accuracy, see accuracy,
 
photometric
 

Pooled standard deviation, 59
 
Precision, 7, 39,118
 

and bias, 8
 
of the instrument, 119
 
of the analytical procedure, 121
 
limit values of the, 122
 

Predicted value, 86
 
error of, 86
 

Proficiency testing, 312
 
Propagation of uncertainty, law of, 324
 
Proportional systematic error, 167
 

check for, 176, 179
 

Q 
Quadratic regression, 103
 

model,I03 \
 
parameters, calculation of, 103
 

Quality control, 22, 287
 
action/warning limits, 288
 
and confidence interval, 22
 
CuSum charts, 298
 
Shewhart charts, 288
 

Quantification, limit of, 208, 211
 
Quantiles, 51
 
Quartiles, 44
 

and box plots, 44
 

R
 
Random errors, 7, 10
 
Range, see working range a
 
Range chart, 290
 
Regression, see linear or quadratic regression
 
Relative standard deviation, 17
 
Repeatability, 121
 
Reproducibility, 122
 
Residuals, calculation of, 84
 
Resolution, 242, 272
 
Retention factor, 241
 
Ruggedness/robustness, 218
 

S
 
Selectivity factor, 242
 
Shewhart charts, 288
 
Significance level, 38
 

confidence interval for mean value, 38
 
Standard addition method, 202
 
Standard addition procedure for trueness
 

test, 196
 
Standard deviation, 16
 

calculation of, 12, 16, 17
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356 Index I
 

Standard deviation (COII(.) 
comparison of
 

two, 51
 
more than two, 56
 

of the slope, 86
 
of the intercept, 85
 
residual, 84, 100
 

Standard operation procedure SOP, 118
 
Standard uncertainty, 320, 322, 324
 
Stocked samples, 172, 179, 203
 
Stray light, 271
 
Sum of squares, calculation of, 16, 79, 104
 

T
 
(-Test, 59
 
Trend
 

test by Neumann, 40
 
Test statistics 

Cochran test, see Cochran test 
Grubbs outlier t-test, see Grubbs test 
Dixon outlier test, see Dixon test 
F-test, see F-test 
(-test, see (-test 

Tools, performance verification of, 269
 
Triangular distribution, 323
 
Trueness, tests for, 166
 

mean value (-test, 167
 
method comparison, 184
 
recovery rate, 169
 
recovery rate of stocked samples, 172
 

I
 
recovery function, 174 !
 

standard addition procedure, 179
 
True value, 8, 60, 167, 169
 
Two-tailed test ex, 20, 38
 
Type I error, see error, ex-rrype I
 
Type II error Type I error, see error, p-rrype II
 

U 
Uncertainty see measurement uncertainty
 
Upper action limit UAL, 288, 290
 
Upper warning limit UWL, 288, 290
 

V
 
V-mask,299
 
Validation of method performance, 117
 

guidelines for, 117
 
Validation parameters, 118
 

precision, 118
 
Variance, II, 17
 

analysis of, see ANOVA
 
visual inspection of residuals, 135
 

W
 
Weighted linear least square regression, 160
 
Weighting factor, 160
 
Working range, 108
 

Z
 
Z-score, 312
 




