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Out-of-control-situation 2

concentration
upper action limit

upper warning limit

target value

lower warning limit

lower action limit

group-No.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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Out-of-control-situation 3

concentration
upper action limit

upper warning limit

target value e)

lower warning limit

lower action limit

group-No.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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concentration
upper action limit

upper warning limit

target value

lower warning limit

lower action limit

group-No.
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‘Out-of-control-situation 4

oY

concentration
upper action limit

upper warning limit

target value

lower warning limit

lower action limit

group-No.

’ Universitat Stuttgart

S . )
‘Out-of-control-situation 5

20 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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'Out-of-control-situations in different publications
ISO 8258

1.  One point beyond action limits
2. Nine points in a row on the same side of the central line
3.  Six points in a row steadily increasing or decreasing
4.  Fourteen points in a row alternating up and down
5.  Two out of three points in a row beyond warning limits
6.  Four out of five points in a row beyond 1s limits on the same
side
7.  Fifteen points in a row within 1s limits
8.  Eight points in a row beyond 1s limits on both sides of the
central line
jswa
21 Koch, M.: Control Charts — EAC Workshop 2008 Arusha
’ Universitat Stuttgart
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3‘.-Out—of—control—situations in different publications

22

Funk, Dammann, Donnevert

1. One point beyond action limits

2. Two out of three points in a row beyond
warning limits

3. Seven points in a row on the same side of
the central line

4. Seven points in a row steadily increasing or
decreasing

5. 10 out of 11 pointsin a row on the same
side of the central line

Koch, M.: Control Charts — EAC Workshop 2008 Arusha m 4
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5“‘-Out—of—control—situations in different publications
NORDTEST TR569

1. out of control
a. One point beyond action limits
b. Two out of three points in a row beyond
warning limits
2. in control, but out of statistical control

a. Seven points in a row steadily increasing
or decreasing

b. 10 out of 11 points in a row on the same
side of the central line

»
23 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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5"‘-Out—of—control—situations in different publications
ISO 13530

1. One point beyond action limits

2. Two consecutive values beyond warning
limits (likely to be changed to 2 out of 3)

3. 7 points in a row steadily increasing or
decreasing

4. 10 out of 11 points in a row on the same
side of the central line (for X-charts only)

5. 7 consecutive control values lie above the
mean range (for range-charts only)

24 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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Which one to choose?

= |tis up to you to decide
= There is no prescription, no bible
= Control charts are just a tool

= Select the one that fits best for your
needs

25 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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»¥\What do Out-of-control Situations Mean?
How do | have to React?

= Qut-of-control situations do not mean:
= throw away everything!
= start again!

= they rather mean:

= Attention! An improbable situation has
happened in the process!

= Stop the process!
= Look what has happened!

Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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Y
What do | have to do?

= Do not report any results to the client!
Recall already reported results!

= Do not continue to measure!
= look for the mistakes!

= The type of out-of-control situation can
give valuable hints!

27 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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¥ Reaction to T _
Situaton1 7 o T L% e, @

eeeeeeeeeeeeeee

= Possibly a singular

mistake happened
during the analyses
of the control sample. Analyse it again.

= |f the value is confirmed, the analytical
process must be inspected for a suddenly
occurring change.

= When the mistake is found, continue with
measurements!

28 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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M Reaction to
Situation 2

= A mistake has occurred
which either decreased

the precision of the morro s rraammmmmEELE
analyses or which led to

a shift of the values in one direction (only if the

deviation is in the same direction)

= Possible causes: change of operator, change in the
procedure, in the environmental conditions, in the
status of the analytical devices etc.

= Look for the mistake! When the mistake is found,
continue with measurements!

29 Koch, M.: Control Charts — EAC Workshop 2008 Arusha ! m ’
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N Reaction to
Situation 3

= The mean has shifted
= Possible causes: ey

change of the lot of T
chemical, solvent etc., new adjustment or calibration

of an instrument, change of operator, change in the
procedure, in the environmental conditions, in the

status of the analytical devices etc.

= | ook for the cause! When the cause is found,
continue with measurements!

= Attention! The new mean could eventually be less
biased!

30 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m 4
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.a].*.l obere Eingifisgrenze | __....... K

¥ Reaction to e —

T
. . 0 [0}
Situation 4/5 s [0 |
0] 4
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= The mean shows

a. trend Gruppen-Nr. 12 3 45 6 7 8 9 10 11 1213 14 15 16 17 18

= Possible causes:
Chemicals used are changing, a part of the
instrument is changing, the environmental
conditions are changing continuously

= Look for the cause! When the cause is found,
continue with measurements!

31 Koch, M.: Control Charts — EAC Workshop 2008 Arusha ! m ’
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-“
Advantages of graphical display

= much faster
= more illustrative

= clearer

32 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m p;
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*Control chart types

= Mean-/ X - Control chart
Recovery rate - control chart
= Differences - control chart

= Blank value - control chart

TN T T T T T T S

Koch, M.: Control Charts — EAC Workshop 2008 Arusha
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= Range - control chart

TN T T T T T T T

2 Different control charts

34

X-chart

(slope, intercept)

Koch, M.: Control Charts — EAC Workshop 2008 Arusha
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original Shewhart-chart

with single values from analytics
mainly to validate precision

trueness with reference materials

also possible for calibration parameters

17
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5"‘.Different control charts
blank value chart

= analysis of a sample, which can be assumed
to not contain the analyte
= special form of the Shewhart chart
= information about
= the reagents
= the state of the analytical system
= contamination from environment

= enter direct measurements, not calculated
values

35 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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2 Different control charts
recovery rate chart - |

= reflects influence of the sample matrix
= Principle:
= analyse actual sample

= spike this sample with a known amount of
analyte

= analyse again
= Recovery rate:

RR = {Xspiked - Xunspiked J 100%
AX

expected

36 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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5""‘.Different control charts
recovery rate chart - I

= detects only proportional systematic
errors

= constant systematic errors remain
undetected

= spiked analyte might be bound
differently to the sample matrix =» better
recovery rate for the spike

= Target value: 100%

37 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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¥ Different control charts
range chart

= absolute difference between the highest
and lowest value of multiple analyses

= precision check
= control chart has only upper limits

concentration M

upper action limit

upper waming limit == = = = m e e e e e

target valu

L L L L L L L L L L L L L L L L L L

sample# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

38 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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5"‘.Different control charts
difference chart - |

= uses difference with its sign

= analyse actual sample at the beginning of
a series

= analyse same sample at the end of the
series

= calculate difference
(2nd value — 1st value)

= mark in control chart with the sign

39 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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¥ Different control charts
difference chart - Il

= target value: O

= otherwise: drift in the analyses during the
series

= appropriate for precision and drift check

40 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m

20



‘ Universitat Stuttgart

¥ Different Control Charts
Cusum Chart - |

= highly sophisticated control chart

= cusum = cumulative sum = sum of all
errors from one target value

= target value is subtracted from every
control analyses and difference added
to the sum of all previous differences

41 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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5“_ Different Control Charts - Cusum Chart - 1|

T=80 s=25

Nr. X x-T Cusum

1 82 42 +2 ”

2 79 -1 +1 Wl .

3 80 0 +1 *Te T T

4 78 -2 -1 . °©® e

5 82 +2 +1

6 79 -1 0 70

7 80 0 0 0 2 4 6 8 10 12 14 16

8 79 -1 -1 .

9 78 -2 -3

10 80 0 -3 »

11 76 -4 -7 10

12 77 -3 -10 e e oo,

13 76 -4 -14 2 : ; g L. 12 14 1

14 76 -4 -18 10 .

15 75 -5 -23 2 °.
42 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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5“- Different Control Charts - Cusum Chart -

= V-mask as indicator for out-of-control situation

30 30

in control out of control

20 20

-10 L] -10 A

-20 -20 4

D = choose d and © so that
d = very few false alarms occur when the process is
under control but

= an important change in the process mean is
quickly detected

ISwa

43 Koch, M.: Control Charts — EAC Workshop 2008 Arusha
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¥ Different Control Charts
Cusum Chart - IV

= Advantages
= it indicates at what point the process went
out of control
= the average run length is shorter

number of points that have to be plotted before
a change in the process mean is detected

= the size of a change in the process mean
can be estimated from the average slope

iswa

44 Koch, M.: Control Charts — EAC Workshop 2008 Arusha
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-
Control samples

= are useful for the control of the quality of the
measurements over longer time period

= Requirements:
= representative for matrix and concentration

= choose concentration so that the important range
is covered (limits!)

= sufficient amount for longer time period
= stability for several months (if possible)
= no influence of the container

= no changes due to subsampling

45 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m

’ Universitat Stuttgart

¥ Control samples
Standard solutions

= to verify the calibration

= control sample must be completely
independent from calibration solutions

= influence of sample matrix can not be
detected

= [imited control for precision
= very limited control for trueness

46 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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»¥ Control samples
Blank samples

= samples which probably do not contain the
analyte
= to detect errors due to
= changes in reagents
= new batches of reagents
= carryover errors
= drift of apparatus parameters

= blank value at the start and at the end allow
identification of some systematic trends

47 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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»¥ Control samples
Real samples

= multiple analyses for range and
differences charts

= if necessary separate charts for different
matrices

= rapid precision control
= no trueness check

48 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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¥ Control samples
Real samples spiked with analyte

= for recovery rate control chart
= detection of matrix influence

= if necessary separate charts for different
matrices

= substance for spiking must be
representative for the analyte in the
sample (binding form!)

= [imited check for trueness

49 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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¥ Control samples
Synthetic samples

= synthetically mixed samples

= in very rare cases representative for
real samples

= if this is possible =»precision and
trueness check

Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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»¥ Control samples
Reference materials

= CRM are ideal control samples, but
= often too expensive or
= not available
= |n-house reference materials are a good
alternative
= can be checked regularly against a CRM

= if the value is well known =» good possibility for
trueness check

= sample material from interlaboratory tests

51 Koch, M.: Control Charts — EAC Workshop 2008 Arusha ! m ’
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&% Control Samples and the Analytical
Process

Samphng <¢— Control sample (Exception, large effort)

< Control sample

Y

Sample preparation Control chart

< Control sample

Measurement

52 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m p;
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Which One?

= There are a lot of possibilities
= Which one is appropriate?

= How many are necessary?

= There is no general rule!

» The laboratory manager has to decide!
= But there can be assistance

53 Koch, M.: Control Charts — EAC Workshop 2008 Arusha

’ Universitat Stuttgart
oY
Choice of Control Charts - |

= the more frequent a specific analysis is
done the more sense a control chart
makes.

= if the analyses are always done with the
same sample matrix, the sample
preparation should be included. If the
sample matrix varies, the control chart
can be limited to the measurement only.

iswa

54 Koch, M.: Control Charts — EAC Workshop 2008 Arusha
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S
Choice of Control Charts - 1l

= Some standards or decrees include
obligatory measurement of control samples or
multiple measurements. Then it is only a
minimal additional effort to document these
measurements in control charts.

= |n some cases the daily calibration gives
values (slope and/or intercept) that can be
integrated into a control chart with little effort

55 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m

L8 Special questions o
‘Should the pre-period be renewed from
time to time?
= only if the target value changes
= or if it is necessary to adapt the quality

targets because of
= worsening of the analytical precision

= or because the present limits are not fit for
the purpose any more

56 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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5% Special questions
How to convert the control period to a
new pre-period?
= If this is required
= check the mean for a significant change

— t-test
= check the variance for a significant change
— F-test
57 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m ’
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3“=Specia| guestions
Rounding of measurement results

= Should results be rounded as usual
prior to entering in the control chart?

= not rounded — rounded values falsify
all statistical calculations

58 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m 4
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-
Benefits of using control charts

= a very powerful tool for internal quality
control

= changes in the quality of analyses can
be detected very rapidly

= good possibility to demonstrate ones
guality and proficiency to clients and
auditors

59 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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‘Rarely Executed Analytical Methods

= Control charts are not useful here

= Alternatives:

= Control of recovery rates in the sample matrix
(define limits for acceptable recovery!)

= Repeated measurements for control of precision
(define acceptance limits!)

= Check blank value

= Check calibration with standard material different
from the calibration material

= Use of (certified) reference materials

60 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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‘Quality control charts for presentations

Attention of auditorium

0,0 P PR
®

stop here

1

time

61 Koch, M.: Control Charts — EAC Workshop 2008 Arusha
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Control Charts Exercise

Dr.-Ing. Michael Koch

Institute for Sanitary Engineering, Water Quality and Solid Waste Management
Universitat Stuttgart

Dep. Hydrochemistry

Bandtaele 2, 70569 Stuttgart

Germany

Tel.: +49 711 685 65444 / Fax: +49 711 685 67809

E-Mail: Michael.Koch@iswa.uni-stuttgart.de
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‘Example data

’ Universitat Stuttgart

999 data, mean: 100, std: 9.99
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‘ Universitat Stuttgart

‘X-Chart

= Pre-period
= JAnalyse” 20 samples i
= Calculate mean and standard deviation
= Mark the warning and action limits in your control
chart
= Working period
= JAnalyse” again 20 samples
= Mark the results in the control chart
= Check for out of control-situations

Koch, M.: Control Chart Exercise — EAC PT Workshop 2008 Arusha m
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5‘3‘

’ Universitat Stuttgart

‘X-Chart

= Modelling a shift in the
mean B
= ,Analyse“samples again, but add “10” to all
results to get a shift in the mean
= Mark the results in the control chart

= Repeat until you get an out-of-control-
situation

Koch, M.: Control Chart Exercise — EAC PT Workshop 2008 Arusha m
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2nd value

%-Range Chart

= Pre-period
= JAnalyse” 20 samples in
duplicate

= Calculate the mean of the
two values, the absolute
difference and the difference
in % for each pair
= Calculate the mean of all %diff and standard
deviation by dividing the mean by
1.128 for double measurements
1.693 for triple measurements
= Calculate the warning (s - 2.83) and the action
limits (s - 3,69) and mark them in your control chart

5 Koch, M.: Control Chart Exercise — EAC PT Workshop 2008 Arusha m
’ Universitat Stuttgart
| ‘h‘ istval 2nd val bs(diff) Yodift
Range Chart : ) o T ] TR
3 93 111 102 18 17,6%
4 100 101 100,5] 1 1,0%
. . S| 107 99 103] B 7.8%
= Working period A —1 o —r o —
] 8 93 10 98 10 10.29
= Analyse again %
20 samples in duplicate
= Mark the %diff in the =
control chart
= Check for out of
control-situations
6 Koch, M.: Control Chart Exercise — EAC PT Workshop 2008 Arusha m
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Corrective Actions
Method validation

Dr.-Ing. Michael Koch

Institute for Sanitary Engineering, Water Quality and Solid Waste Management

Universitat Stuttgart

Dep. Hydrochemistry

Bandtéle 2

70569 Stuttgart

GERMANY

Tel.: +49 711 685 65444 | Fax: +49 711 685 67809 . N
E-mail: Michael.Koch@iswa.uni-stuttgart.de QLSWQ_,/'
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R | |
Need for corrective action?

« If you fail in one or more results in the

PT
« and if you don‘t take corrective actions

* Then the PT is absolutely worthless

dswa)

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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5
What to do?

* Very much depending on the method

» Typical things to check:
 Calculation errors
« Calibration
« Sample handling
* Chemicals
< Execution of the analytical procedure

* In accreditation terms:
perform an internal audit

Jdswa)

3 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha

B = Universitat Stuttgart
o

é“‘é How to check the success of a
corrective action?

« If you still have a PT sample and it is still
stable
* measure it again

* If not, try to find a reference material

« If this is not available, exchange a typical
sample with another lab (without problems in
the PT)

* cooperation between labs is the key to
success

Jdswa)

4 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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PT and method validation

» Successful participation in a PT is only
one part of the validation of an
analytical method

|t should be one of the last

* If you fail in the PT you should redo the
other validation steps

Jdswa)

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha

6

Universitat Stuttgart

o L
B" Glossary - Validation
 Definition
» Confirmation, through the provision of objective evidence,

that the requirements for a specific intended use or
application have been fulfilled (EN 1SO 9000)

» Description

¢ The validation shows with the help of laboratory
experiments, that the corresponding parameters of a method
fulfil the requirements of the intended chemical analytical
application

« Relevant chemical analytical parameters:

Precision Selectivity
Trueness Linearity
Limit of detection Robustness

Limit of determination

Jdswa)
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Why is Method Validation Necessary?

* Very simple

To prove that the method is fit for purpose

dswa)

7/ Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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6‘% The Professional Duty of the Analytical
Chemist

* To increase reliability of laboratory
results

* To increase trust of laboratory
customers

* To prove the truth

dswa)

8 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha




"When should Methods be Validated

* New method development
» Revision of established methods

* When established methods are used in
different laboratories/different analysts etc.

* QC indicates method changes
« Comparison of methods

« if the lab fails in a PT and the problem could
not be found

Jdswa)

9 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha

X
Validation of Standard Methods?

« Standard methods can be assumed as
validated to a basic degree

* |.e., one can assume that the method
IS suitable for the scope mentioned in
the standard

» The laboratory has to verify that it can
reach the precision, trueness and other
parameters described in the standard

Jdswa)
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Validation of In-house Methods

* In-house methods or the use of
standard methods outside the scope of
the standard require a complete
validation

* |.e., all method characteristics have to
be determined and compared with the
requirements of the intended purpose

Jdswa)

11 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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& Determination of Method
Characteristics

» Some of the method characteristics of the basic
method (determination of calibration standards) are
determined during the basic calibration of the method

* Working range

* Homogeneity of variances

e Linearity

+ Standard deviation of residues s,

« Slope of the calibration function / sensitivity b
* Process standard deviation s,

* This is described e.g. in: Funk, Dammann, Donnevert
(1995): Quality Assurance in Analytical chemistry.
Wiley

12 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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O™ Basic Calibration

« If the analytical procedure needs a calibration the
measurement does not lead directly to the result

* The measurement result can be converted into the
analytical result using the analytical function

X analytical result
'y measured value

X =f(y) with

» Basing upon the calibration function:

X content of substance in the standard solution
y corresponding measured value

y = f(x) with :

Jdswa)

13 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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N
Basic Calibration

 During the basic calibration the analytical
method is calibrated only with standard
solutions

* l.e., no sample preparation (extraction
digestion etc.), only standard solutions in
pure solvent

Jdswa)
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Definition the Working Range

 First step: Definition of a preliminary working
range on the basis of:
* The practical need

* The practically feasible possibilities

* Measurement result at the lower limit of the working
range must be significantly different from the blank
values

* The required analytical precision must be reached over
the whole working range

* If we want to use a simple linear regression the residues
must be homogeneous and there must a linear
relationship between analyte content and measured
value

15 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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P |
Preparation of Standard Samples

* Requirements:
 Purity: free from matrix resp. defined matrix

Homogeneity
Representativeness for real samples

» Chemically similar compounds

» Same oxidation state

* etc.
Stability, possibilities to preserve
No influence by sample containers and
environmental conditions

16 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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o |
Preparation of Standard Samples

* Production of Standard Samples

« Consider precision of balances and
volume measuring equipment

« Weighing is always more precise and
should therefore be favoured

« Avoid successive dilutions

* Prepare 6...10 standard samples with
equidistant concentration over the whole
working range

17 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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& | inear Calibration Function

* The regression analysis delivers the calibration function
y =a+ bx

* Slope (Sensitivity)

L 2l -%)-(v,-9)]
Z(Xi -xf
* Intercept
a=y-bx
» Standard deviation of residues (dispersion of
values around the regression line)

Mefwert

~

~ \2
s, = M mit y, =a+ bx;
N-2 s
» Process standard deviation Sy = Fy

* Process variation coefficient v - Sx0 .100% o

X

18 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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% Non-linear second-order calibration _

function y=a + bx + cx?

- Calculation is a bit more complex
(see ISO 8466-2)

* Function coefficients ¥

Q. -xx- 2T

a:(Zyi -b->x —c~2xf)/N

_ >v)

b Oy CQ Q, —z<xyi)_[sz
QXX ,

o200 Qs Qu o, —Z(Xf)[in (ZI:\IX)]

o.-xieH BT

2. —z(xfyi)—[zyi ZN} |
dswa)

19 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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ﬁ‘i Second-order calibration function

» Standard deviation of residues

~\2
S, = M with ¥, =a+bx; +cx?
N-3
e Sensitivity

» First derivation of the calibration function E(x)=b+2c-x
* Resp. in the middle of the working range E(X)=b+2c-X

*  Process standard deviation

Sy

S0 =—>
“E(X)

» Process variation coefficient
V,, = 2©.100%
X

dswa>

20 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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8™ Check for Linearity

Universitat Stuttgart

 If possible always use linear calibration function,

polynomial regression only in special cases

* Visual linearity test
» Graphical display incl.
Calibration line
« If there is an obvious

non-linearity refrain from a
statistical test

MeNwert

21 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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Konzentration

P Check for linearity

* Mandel-test

Universitat Stuttgart

« Calculation of the linear calibration function y=a+bx and the
second-order calibration function y=a+bx+cx2including the
corresponding standard deviations of residues s, (linear)

and s, (non-linear)
- Calculation of the difference of variances DSZ2;

DS? =(N-2)s; —(N-3)s; withadegree of freedomf =1

» Check with F-test F DS?

observed — 2
S
Y2

« Compare with tabulated value F_g;.,, for f;=1, f,=N-3, P=99%

° If I:observed <F ! . ;
second-order calibration function

* The calibration function then is linear

22 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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&% Residual Analysis

* Residues are the vertical distances of the measure
values from the regression line

* Residues should be normally distributed

d (a) df (b
N
0
%
Normally distributed residues linear trend
correct model wrong model or calculation error
df (d)
.
[
%
.
Increasing variances Non-linear
inhomogeneity of variances wrong regression function

23 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha e
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a“% Homogeneity of Variances

» Linear regression assumes constant (homogeneous)
imprecision (variance of values) over the whole working range
* Inhomogeneous variances:

- -
T4 fla) £ (b !
2 2 /
< S /
i} [
= = //
7 -
/ e
! -
/ e
/ /
/ /
7 i
/ /
v
s
&
‘S
Vs
/4
/
oA/
// 7
S
7/
/
/
/
- -
Konzentration Konzentration

* Inhomogeneity of variances not only leads to a higher
imprecision, but due to a possible change in the slope of the
regression line to a higher bias i :

24 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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a‘i‘; Check for Homogeneity of Variances

Measure highest and lowest standard sample ten times each
Calculate variances for both data sets

s? = Z(yij _Yi)z
' n -1
Check with the F-test
2
s
Fobserved = 7'\2‘
1
If Fopserved = Feriticarr theN the variances are not homogeneous
Possible consequences:
* Reduce working range

*  Weighted regression

Jdswa)
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& Outlier test

Calibration data have to be free from outliers

The test for outliers assumes the correctness
of the chosen regression approach

From the residual analysis potential outliers
can be identified

The residual standard deviation is calculated
with all values (s, »;) and without the outlier-
suspect value (s, ,)

The check can be made using the F-test or
the t-test

Jdswa)
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& Outlier Test using F-test

* The residual standard deviations are checked for
significant differences

* Calculate

= _ (NA1_2)55M _(NAZ _2)S§A2

observed 2
Yaz

* And compare with the critical value from the table
o IfF <F no outlier

observed critical’

Jdswa)
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& Outlier T using t-test
 Calculate prediction interval of the regression
line without outlier

IO 1 %o —Xf istributi
PI(Yo)=Yo *t-s, - 1+N7+ ( o I ) t=tabulated value of t - distribution (P = 95%,f =N ,-2)
2 = -
A3 *,\T(wa)z N, = N-1
A X, = concentration of eliminated outlier

1 X —xX) X =mean of all x,(without x,)

=a,+b, - x,t's, - 1+N—+% )
P *,\T(wa)z

A

« If the potential outlier lies within the prediction
interval, it has to be included again in the
data set

« If avalue is statistically proven to be an
outlier, then the cause for the outlying
value must be searched and eliminated.
Then repeat the complete calibration.  jswa)

28 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha

14



S
B = Universitat Stuttgart
o

& | imit of Detection, Limit of
Quantitation

» With these values the lower limit of the
working range can be characterised

* There are numerous different
definitions and calculation methods

29 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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o

P . |
Glossary — Limit of Detection (lod)

* The limit of detection is the lowest amount (of
substance) of the analyte in a sample, that

can be detected, but not necessarily
quantified as an exact value

« Statistically

« If this value is exceeded, we recognise with an
error probability of a, that the amount of the
analyte is higher than that in a blank sample

30 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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Estimate for the Limit of Detection

» Coarse Estimate:
LoD = B+3S, or 0+3S,

(for fortified samples; typically, three times the noise level)
* B=Blank
* Sy=standard deviation of 10 measurements

« Alternative method (mostly used in
chromatography): Signal-Noise-Ratio=3

31 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha

P |
Expression of the LoD

* Analyze

» 10 independent sample blanks and get the mean
sample blank value (B) or

» 10 independent sample blanks fortified at lowest
acceptable concentration.
* Express LoD as the analyte concentration
corresponding to
* B+3sor
* 0+3s
(s being the sample standard deviation).

32 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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& Detection Limits — the IUPAC
Approach

« Concepts related to the detection limit are
based on two theoretical probabilities:

* a - the probability of obtaining an analytical
response above a certain limit

* [ - the probability of obtaining an analytical
response below the critical limit when the analyte
is present at some higher concentration

Jswa)
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@
)
=
o
o
W
()
(4

Analyte concentration

» Distribution of results at a real concentration of zero
* The results are centred around R, with a standard deviation of ¢

* There is a probability of ., that a result would exceed the critical value R
for the signal, or the corresponding value x, if the analyte were really
absent (false positive result)

« This level therefore is a decision limit, at which we can say the analyte is
present with a level of confidence (1-o)

«  For 95% confidence (¢=0.05): R.=R,+1.65c) .

Jswa)
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L]
i)
=
(=]
=
n
]
-4

Analyte concentration

If the analyte is really present at concentration x., half the results
would be detected below R_: i.e. they would be not detected (false
negative)

There must be some higher concentration where the possibility of
»not detected" is low

JsWa)

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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Response

Analyte concentration

At at true concentration of X, there is a probability of B of seeing a
response below R,

By letting B become sufficiently small we reduce the ,not detected” to an
acceptable level

The corresponding concentration is the detection limit

Usually both o and B are set to give 95% confidence, leading to
Rp=R,*+3.3c

By using the calibration curve to convert to concentrations, we see that the
detection limit is x,=3c, i;Wﬂ )

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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’ Glossary — Limit of Quantitation (loq)

* The limit of determination is the lowest
amount (of substance) of the analyte in
a sample, that can be quantified with a
sufficient accuracy

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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" Estimate for the Limit of Quantitation

« Coarse Estimate:
LoQ = B+10S, or 0+10S,
* B=Blank
» Sy,=standard deviation of 10

measurements

 Alternative method (mostly used in
chromatography):
Signal-Noise-Ratio=10

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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’ Glossary - Selectivity

« Selectivity is a measure that shows to what
extend a method can be used to determine
certain analytes in mixtures and matrices
without interferences caused by other
components which have a similar behaviour

« IUPAC recommends, to use the similar term
“specificity” not any more
« During a validation it is necessary to check if

the method has a sufficient selectivity for the
intended purpose

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha

40

Universitat Stuttgart
o

.

&M Lack of Selectivity - Interferences

« Interferences can be detected by adding a potential interfering
substance to a ,normal” matrix and analysing with and without
the interfering substance

* A suitable procedure uses 4 solutions:

Content of interfering substance
Analyte zero high
without A B
with C D

« One possible interfering influence is the background interference:
BACKGROUND INTERFERENCE A, B, C, D are the measurement results

RER-Temeee I A=B, then there is a background
interference (shift of the measurement

___—» Analyte absent
results).

@
=)
=
(<}
o
o
(]

e

— An interfering substance, different from
e rerntilovel the analyte, produces a measurement
value. This happens also in the absences

.\
of the analyte ISE@Q
Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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'M Lack of Selectivity - Interferences
* Another interference is he matrix effect

MATRIX EFFECT

A, B, C, D again are
e D AR measurement results

L]
w
=
=}
a
o
7}
T

Analyte absent

High
Interferent level

If (D-C)=(B-A), then there is a matrix effect.

This type of interference changes the slope of the calibration
function (i.e. change of sensitivity)

To check, if the differences are significant, repeat the
measurements of A, B, C and D and test with 2-sample-t-test

Matrix effects can also be uncovered with the standard
addition procedure

dswa>
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V.

2
ﬁ Glossary — Robustness/Ruggedness

* Robustness/Ruggedness is the insensitiveness of a method to
small deviation in the experimental procedure described in the
method

* ,Soft' methods, sensitive to slight deviations, are unlikely to
perform well in interlaboratory comparisons

* Possible
« Potential topics to be checked in a robustness study:
* Volumes

» Concentrations of reagents

» Duration of heating and extraction procedures
* Temperatures

. pH

dswa>

42 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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’ Ruggedness Test

* There is an economical design (a fractional factorial design) for
testing for ruggedness.

* Up to n factors can be tested simultaneously in an experiment
requiring 2k > n > 2&1 runs of the experiment (k is an integer)

e Thus, for an experiment involving seven factors, eight runs are
required.

« Each run contains a combination of factors at perturbed levels

* The perturbed levels should be either higher (+) or lower (-)
than the levels specified in the method procedure.

* The degree of perturbation should represent the maximum
excursion from the specified level likely to be encountered in
normal practice, e.g. if the method requires heating to 100°C
for 1 hour, reasonable perturbed times might be 50 and 70
minutes

Jdswad
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44

Universitat Stuttgart

é‘;‘; Layout of a Ruggedness Test - Example

Run number
Factor 1]2|3|4|5|6|7]|8
Sample weigth + |+ |+ |+ - -] - -
Conc. reagent 1 + |+ | - + [+ -] -
Conc. reagent 2 + | - S IS I
Total volume -] - + |+ |+ | - | -
Time of heating P e I O [ IR RO [
Reaction -+ |+ |- S+ |+ | -
temperature 4k - - a4k - 4k 4k -
pH of solution
Analyte found 68 |59 |67 |64 |64 | 66 | 60 | 70
+ = positive perturbation - = negative perturbation

* The effect of a factor is given by:
(mean of runs with +-perturbed)-(mean of runs with --perturbed)
« In the example the effect of the time of heating is
(59+64+64+60)/4 — (68+67+66+70)/4=-6

« The method is easy to interpret so long as only one or two of the factors %
are sensitive JSwa)
Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha ~=
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Trueness

* Trueness of the analytical method can
be examined by several methods

« Analysis of a reference material

« Analysis of a certified reference material
Analysis of an in-house reference material
Interlaboratory comparison

Reference methods

Recovery experiments

Jdswa)
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Pl -
Precision

* Precision of the method can be
examined by repeated measurement
* Repetitions can be made under
* Repeatability conditions
* Between-batch-conditions

* Precision check is often done in
combination with control charts

Jdswa)
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...........

#*% Standard Addition Procedure -
What's that?

« Standard addition procedure is a
calibration in the real sample by
stepwise addition of a defined amount
of analyte

47 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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...........

#*t Standard Addition Procedure —
in which Cases?

« |If differences in the composition of the
matrix have a strong influence on the
trueness of the result (matrix effects)

* If no matrix-matched calibration
standards are available

« If only a few samples have to be
analysed

48 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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o™ Standard Addition Procedure -
Preconditions

« Blank and background corrected
measurement values y,

 Linear correlation between measurand y and
content x

- Standard deviation of residues s,
independent from y (Homogenelty of
variances)

* Homogeneous sub-sampling must be
possible

* Precise addition of analyte must be possible

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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o™ Standard Addition Procedure -
Procedure

* Division in n equal sub-samples

+ Addition of known increasing portions z; of the
analyte to n-1 sub-samples in equidistant steps and
normalisation of all sub-samples
—> pairs of variates (%, ;;y.; (%, i¥2; b (% 0 i Vo)

H H X = content quantity
° I—l near Reg ression y; = blank and background corrected measurement
_ . n, = number of measurements per sub-sample
— y=a+t b-Xx j = index for repeated measurements
X, = content of the analysed sample

» Extrapolation to the intercept point with the abscissa
delivers the sought content
—> Xp =Xy =—alb

Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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a"@ Standard Addition Procedure -
Graphical Display

Extinction

=== calibration line
---------- confidence interval

2 ZAXA - 2 4 6 8
= ooxa Mass concentration

o Jdswa)
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a‘ﬁ Standard Addition Procedure -
Uncertainty

* The uncertainty of the calculated value x, can be
guantified with the half width of the confidence

interval of the result

X, =% TYX 1 +[)?z’(’XA)]2
X b \/n~nA Z(xz‘—iz)z

X, = half width of the confidence interval of x,
t;, =two - sided quantile of the t - distribution with probability &
)?Z

t, S,

arithmetic mean of x,

X

— R P
_— xz) = sum of all squares of deviations of all x,,

>

Jdswa)
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Annex

Evaluation Questionnaire

For the evaluation of the success of this workshop, please answer the following
questions:

How do you judge: Very very
good good fair poor poor
The venue of the workshop

(accommodation, food, conference room) O O o O 0
The content of the presentations 0 0 O 0O O
The material distributed O O o O 0
The working group discussions 0 0 O O O
How do you judge the different parts of Very useful not useful
this workshop 1 2 3 4 5
Evaluation of the PT M M o O 0
Training O 0 O O O

The five most important topics for me have been:

Did the workshop fulfill your expectations? [ Yes [1 No
If No, why not?

What benefits did you draw from the workshop?

Please use back side for any other comments
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