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o ensure effective mixing and homogenization,
samples each in a 20litre container were mixed separately by
shaking several times

+ The samples were dispensed into plastic bottles after draining off
the first 50ml from the 20 litres and the bottles sealed immediately.
The last 50 ml were also discarded.

» The samples were kept at 20°C after preparation.

* Homogeneity tests were subsequently carried out, and indicated
sufficient homogeneity of the samples

+ At the planned time of receiving results, stability tests were carried
out, and indicated sufficient stability of the samples
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SavrLes e
Kenya 11 7 14 14
Uganda 6 5 9 9
Tanzania 13 8 17 10
Total 30 20 40 33




* Magnesium as Mg

+ Sodium as Na

* Potassium as K

» Total hardness as CaCOy;

whfile sample EAC PT 2007/2 was to be analysed
or:

» Chloride as Cl
» Sulphate as SO,

Saimpie

On 2nd August 2007, 80 samples (in pairs) were
dispatched to the 40 different labs (in Tanzania, Kenya,
Uganda), directly to the participating laboratories using
TNT courier services.

Analysis and reporting instructions were dispatched
together with the samples. This time round, the labs were
requested to indicate the analytical techniques used.

Theée was no restriction on the methods of test to be
used.

Deadline for submitting results was set at 30" August
2007. However, due to some delays in delivery o
samples by the courier, the deadline was extended for an
extra week to 61 September 2007.




RECEIVINOIOIFIRE!

starting 27t August 207 onwards.

= Of all the 40 labs which confirmed participation
and were sent the PT samples, only 1 did not
receive them (whom according to the courier,
failed to pick them from courier’s local office
despite promising to do so)

» 33 out of the 40 labs returned PT results,
representing an 82.5% participation of the
participating labs to which the PT samples had
been sent

determlnatlon of the consensus means and the
standard deviations.

Statistic summary

= Assigned value = median

= Std. Dev from MAD and limited
= Evaluation of performance

The z-scores were used as basis for the proficiency
assessment, as below:




x;: laboratory result

X : assigned value for the parameter (= median of the laboratory
results)

chut :standard deviation for proficiency assessment

|z| < 2 = satisfactory performance (S), (So far so good. Performance
should be maintained and even made better)

2 < |z| < 3 = questionable performance (Q), (a warning signal, that
something wrong is about to happen — vigilance needed to make the prevent
things from going wrong).

|z| =2 3 = unsatisfactory performance (U), (a signal for corrective action
- sc))mething has already gone wrong and corrective action has to be carried
out

r
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partc
a robust estimate for the consensus mean).
A robust statistics method was used to reduce the
impact of outliers on the reproducibility standard
deviations Sg

A graphical display of lab performance, limits and z-
score are provided in the subsequent slides for self
evaluation.

An analysis of the different analytical techniques used by
the different labs for analyte determination was made. A
graphical display of this picture was also included in the
report.




Overall performance of Labs with
respect to analyte determination

Overall performance of labs with respect to analyte
determination

40

Number of labs
o B
Slw|ln & XE

Ca Mg Na TH Ch pH Cond S04
msS 23 20 2 23 5 31 21 B
oQ 1 1 3 2 0 1
ou 8 10 4 3 10 0 6 8
@ Totallabs 32 31 19 27 27 32 27 27
Analyte

Overall % performance of
Labs in respect of analyte
determination

Lab performance in respect of analyte determination

Thardness

66.7

75 852
10 3.7 74 3.1 0.0 3.7
15 11 37.0 0 22.2 29.6

Analyte




Determination of Calcium as Ca,
Sample 2006.08/1

Lab performance

Lab results for Calcium determination

‘+Lah Value(x) —— X —fi— X+20hut —k— X+30hut —8— X-3ohut —— X-20hut ‘

7000
£ 60.00
8
g% Lab Z-scores for Calcium determination
2
£ 3000 1 m
g .
2
8 20.00 [/
1000 / 3
9 1302 7 3132 B85 212 58 #¥25 9 3202485208 232720 42833106 6
Lab code ,,,‘I’ :
N
;i
3
gt
19 1302617313213 15212 5141825 9 3 29241612108 232720 4 283311 6
Lab Codes

Determination of Calcium
Sample 2006.08/1

Analytical techniques used

Calcium - Frequency of technique usage

Calcium - Lab performance as per technique used

AAS EDTA OTHER
o satisfactory 60 417 50
m questionable 0 250 0
0 Unsatisfactory 40 333 50




Determination of Magnesium
Sample EAC PT 2007/1, Lab performance

Lab results for Magnesium determination

‘+M, U ,.,xm‘

g

2

s

g

H

Pt

g

g

Concentration (ppm Mg *)

= EE-EEEEET-EEEEEEEgTEgEEE-E"&
Lab Codes

Lab Z-scores for Magnesium determination
‘ = Z-score —— Upper tol. Limit — Lower tol. Limit

9

8

7

8

5

4

3

2
®
s 4 — saonll .
9 -
%3 IIILEEE

3

3

5

6

&

k)

-9

92119 5 1510 2027 25 3 1 2928 16 33 18 17 1132 6 30 24 13 23 8 22 4 26 31 12 14
Lab Codes

Determination of Magnesium
Sample EAC PT 2007/1
Analytical technique used

Magnesium - Frequency of use

Magnesium - Lab performance as per technique used

r
Others -
e
‘ S ‘ EDTA ‘ Computation ‘ Others ‘
Dfrequencyofuse| 500 | 300 | 13 | 7 |

Unsatisfactory
questionable

satisfactory
I R
8 F 3
R
8
AAS EDTA Computation Others
O satisfactory 66.66666667 66.7 75 50.0
B questionable 0.0 1.1 0 0.0
ol i y 333 222 25 50.0




Determination of Potassium,
Sample EACPT 2007/1

Lab performance

Lab results for determination of Potassium

[o—Lab valuetxi) mg1 — X —g— X+20hut ——x+3onut —a—X-3ahut —+—X-20u]

~
g 130
E 1200
&
£ 1100
c
S 1000

3B 12 14 2% 15 5 6 28 1 13 8 24 19 32 20 3 2% 9 23 1.8
Lab code
Z-Scores for Potassium determination
‘— Z-score —— Upper tol. Limit —— Lower tol. Limit
14
12
10
8
L5
g 4
g 2
0
E2)
4
-6
33 12 14 2 15 5 6 28 1 13 8 24 19 &2 20 3 25 9 23 18
Lab Code

Determination of Potassium
Sample EAC PT 2007/1
Analytical technique used

Potassium - Frequency of usage (%)

Potassium - Lab performance as per technique used

>
z
-
g
P
2
g

8
ALY
[]

SANNNY

RN

1\
)]

Unsatisfactory
estionable

satisfactory
T Ohers
AAS FEP Titr Others
o satisfactory 60.0 1000 00 100.0
m questionable 200 0.0 50.0 00
[a]




Determination of Sodium, Sample
EACPT 2007/1

Lab performance

Lab results for Sodium determination

‘+Lab alue() mgl — X~ Xe2ohut —4—X¥dohut ——Xanut afmm‘

Lab codes

6 1 ®8 B B M AN 9 A 5 1 8§ B R I 5 B U A

ZScores for Sodium determination

=3 Z-score —— Uppertol. Limit —— Lower tol. Limit

Zscore
Bl Lo anow e oo

6 12 18 28 33 19 20 9 24 15 1 8 25 3 3 5 23 14 31
Lab code

Determination of Potassium
Sample EAC PT 2007/1
Analytical technique used

Sodium - Frequency of technique usage

Titr Other
ms | FEP Tir | omer |

‘- Frequency of usage
(%)

474 ‘ 316 ‘ 105 ‘ 105 ‘

Sodium - Lab performance as per technique used

=
=74 N =4
= 7LV

satisfactory

Unsatisfactory
iestionable

AAS FEP Tir Others
[m satistactory 556 833 0.0 100.0
m questionable 222 16.7 50.0 0.0
=] 222 0.0 50.0 0.0
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Determination of Total hardness
Sample EACPT 2007/1

Lab performance

Lab results for determination of Total hardness (as CaCOs)

|—e— Lab value(xi) as CaCO3mg/l —— X —¥— X+20hut —e— X+30hut —— X-30hut —+— X-20hut \

e

f

\

=

et

-t

Concentration (as mg/l CacO )

3

6 2 1 20 % B 2 ¥ 2% 2% 3B 5 W W 3 3 5 24 98 428 BN T B D

Lab code

Zscores for Total hardness determination

=1Z Score —— Upper tol. Limit —— Lower tol. Limit

Z-score
A b b Lo amwoesa

Determination of Total hardness
Sample EAC PT 2007/1

Analytical technique u

Total hardness - Frequency of technique usage

sed

Lab code

6 2 1 21032 B 2 M 2 25 33 5 m 30 3 31 5 20 9 20 4 23 B 20 7 28 D

romenyarme] 74 | ms | i | w1 ]

Total hardness - Lab performance as per technique used

AAS EDTA Titr kit
o satisfactory 1000 810 100.0 00
m questionable 00 48 00 100.0
o Unsatisfactory 00 143 00 00
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Determination of Chloride
Sample EACPT 2007/2

Lab performance

Lab results for determination of Chloride

‘+ Lab value(xi), mg/l —— X —&— X+20hut —— X+30hut —8— X-3ohut —+— X-20hut ‘

%
o 80 /
[S)
£
&
& a0
c
S
g 50 -
H
S 40
g
& —
© 30
20 x ! -
R ) Zscores for Chloride determination
Lab code [ =2 score —+—Upper ol Lint — Lower tol.Limt
5
4
3
2
@i '
5
g0 === 500
N
2
® |
4
5l

2012101725 1 8 22415232821 6321327 14 3 2 5 30 29 16 26 33 19
Lab code

Determination of Chloride
Sample EAC PT 2007/2
Analytical technique used

Chlorides - Frequency of technique usage

Chlorides - Lab performance as per technique used

[ Agnos T ] Titr | Other |

= Frequency of usage 55.6 25.9 18.5 60.0
(%) .

Unsatisfactory

0o questionable
" AaNo3 satisfactory
tr " Other
AGNO3 Titr Titr Other
B satisfactory 80.0 28.6 20.0
B questionable 6.7 0.0 20.0
ot y 133 714 60.0
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Determination of Sulphate

Sample EACPT 2007/2

Lab performance

Lab values for Sulphate determination

‘ —e— Lab value (ppm) —— X —— X+20hut —k— X+30hut —s— X-30hut —+— X-20hut ‘

Y
8

8 &
o

Sulphate (ppm SO 4>
Now @ s &
8 8

\

Z-scores for Sulphate determination

‘— Z-score —— Upper tol. Limt — Lower tol. Limit ‘
/

/

L 2033 9 28 B H 237 2531325 40D B U248 0229 3 12620
Lab code

8

R

N
8

Z-score
Sdhbhbblioamwasono

22133 928 B OB T 5325 406 W28 02293 1220

Lab code

Determination of Sulphate
Sample EAC PT 2007/2
Analytical technique used

Sulphate - Frequency of usage (%)

Sulphate - Lab performance as per technique used

[Gav | Sveen Jrrotomee [Tumamene ] 7w | owen |

[ TR T w | s | w [ wm ]
100-
90-
80
70
60-
50-
40-
30
20-

Unsatisfactory
W/ questionable
satisfactory

Grav, Spectra Photometic | Tuiigimetric Tir Others

lmsats factory 500 625 200 800 667 661
[mquestionable 00 25 00 00 00 00
lounsatisfectory 500 250 00 200 333 333




Determination of pH

Sample EACPT 2007/2

Lab performance

Lab reults for pH determination

[ Lab vae(x) —— X —¥—X+2ohut ——X+3ohul ——X-3ohut ——X-2ohut

8.00

7.00 4

600 M
W

PpH value

500

Z-scores for pH determination
222 820 8 8 w6 5 L3 m a5 1w n a2 e nm u s m s
Lab code

(=7 Score —s— Upper tol. Limit — Lower tol. Limit

Z-score

2772 D20 83165 1313282 73001022 227 R282H%52% 935 4
Lab code

Determination of pH
Sample EAC PT 2007/2
Analytical technique used

pH - Frequency of technique usage

100.0-

80.0

60.0

40.0

200

0.0

pH meter
pH meter
2 Froquoncy of vsog0 7000 pH - Lab performance as per used technique
(%)

O satisfactory 9.8
B questionable 32
ot 00
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Determination of Electric conductivity

Sample EACPT 2007/2

Lab performance

Lab results for Conductivity determination

[—e—Labvakie) uS/em —— X —gg—X+20hut —a—X+3ohul —m—X-3ohut —+ —X2ohut |

“W

Conductivity (uS/cm)
8z888855348

/

2512 4 1 16 7 2623 211419 1120322224 5 2928 3110 9 6 30 8 33 13
Lab code

Z-scores for Conductivity determaination

[ =2 score —— Upper to. Limt — Lower to. Limt |

Z-score

2512 4 1 16 7 2623211419 1120322224 5 292831 10 9 6 30 8 33 13
Lab code

Determination of Electric conductivity
Sample EAC PT 2007/2
Analytical technique used

Cond meter

Water & Soil kit Conductivity - Lab performance as per technique used

Cond meter | Water & Sol kit
@ Frequency of usage (%) | 96.3 | 3.703703704

Unsatisfactory
questionable
satisfactory

Water &
Soil kit
Cond meter Water & Soi kit
o satisfactory 80.8 0.0
m questionable 00 0.0
oL 192 100.0
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e paicipe
=T round

Technology, Kenya
KEBS Chemical Laboratory (Mombasa), Kenya Bureau of Standards
SGS Kenya Ltd, Kenya

Unilever Kenya

KEBS Inorganic Chemistry Laboratory (Nairobi), Kenya Bureau of
Standards

Kenya Industrial Research & Development Institute

Corn Products Kenya Ltd

Kenya Plant Health Inspectorate Service (KEPHIS)

Chemistry Department, Egerton University, Kenya

Polucon Services (Kenya) Limited

Government Chemist’'s Department, Kenya

Karlsmarts Laboratory Services, Kenya

Kabete Central laboratory, Nairobi City Water & Sewerage Company
Caleb Brett Laboratory, Intertek Agri Services, Kenya

Moshi Urban Water Supply & Sewerage Authority, Tanzania
Central Water Quality Laboratory, Tanzania

Arusha Urban Water Supply & Sewerage Authority, Tanzania
Tropical Research Institute (TPRI), Arusha, Tanzania

SGS Environmental Laboratory, African Assay Laboratories
(Tanzania) Ltd

Chemistry Laboratory, Geological Survey of Tanzania
Southern & Eastern African Mineral Centre, Tanzania

Analytical Laboratory Tanzania Industrial Research and Development
Organisation (TIRDO)

Mwanza Zonal Water Quality Laboratory, Tanzania

16
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1" round 2 (Con

Chemiphar (U) Ltd, Uganda

Mukwano Industries (U) Ltd Laboratory, Uganda

Britania Allied Chemistry Laboratory, Uganda

Chemistry Laboratory, Uganda Industrial Research Institute
(UIRI), Uganda

Geology Department, Makerere University, Uganda

National Water & Sewerage Corporation Central Laboratory,
Uganda

Government Analytical Laboratory, Uganda

Analytical Laboratory, Nile Breweries Ltd, Uganda
Chemistry Laboratory, Uganda National Bureau of Standards

due to improp
addresses.

Un-updatedcf)articipant particulars (such as e-mail addresses,
physical addresses, contact persons, etc) that makes it difficult for
the provider to communicate effectively with the participating labs

Late submission of results that delayed evaluation and therefore late
submission of report

Some participants did not properly follow instructions (e.g. units,
significant figures, analytical technique used, etc )

High standard deviations

Irregular customer e-mail accessibility problems

17
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ples were d
y these submitted results).

= Bureaucratic bottlenecks in communication.
= Some labs reporting results as ‘0O or not detected or less than’

= Failure to acknowledge receipt of PT samples, lab reports by
some participating labs (this made it difficult to know for sure
who had received or and who had not)

r" 4

JOU jor cominyg

‘ USHIRIKIANO WA AFRIKA MASHARIKI;
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Annex 6

A= PIB

Proficiency Testing Scheme

for Chemical Analysis of Water

in Africa

NAMWATER

A= K=

Provider:

Namwater

Water Quality Services
Merylinda Conradie
Private Bag 13389
Windhoek, Namibia

Sponsor:

Physikalisch-Technische Bundesanstalt (PTB)
Braunschweig, Germany

NAMWATER




PIB

Local Coordinators for EAC Countries:

Tanzania Bureau of Standards, Dar es Salaam
Kenya Bureau of Standards, Nairobi
Uganda National Bureau of Standards, Kampala

NAMWATER

Parameters:

e Sulphate
e Chloride
e Fluoride

e Nitrate

e Phosphate
e Calcium

e Magnesium
e Sodium

e Potassium
e |ron

PIB

e Manganese
e Aluminium
e Lead

= Copper

e Zinc

e Chromium
< Nickel

e Cadmium
e Arsenic

e Cobalt

NAMWATER




Evaluation and Assessment

e according to 1SO 13528 using robust
statistical methods and reference values
from sample preparation

25

20 4

15 4
[}

2 104
?

48 l
]

0 oon DN NWNNNNN
|l

-10

mmmmmmmmmmmmmmmmmmmmmmmmmmmmm

NAMWATER

Method specific evaluation and
assistance for corrective actions

Chloride Lab2 - Sulphate
y =1,1155x - 1,6055

70

60 §
= 504 7
£ 40 Z (d
= 30 /

20
= 104

0
-10
0 20 40 60
assigned value in mg/|

NAMWATER




A= PIB

Participation Fee

100 US-$ including transport of samples to the local coordinator, evaluation
of the results and report

Dates

PT rounds are planned for July each year. Registration is possible until mid
of may

Detailed PT Announcement

The detailed announcements will be published on http://www.sadmet.org

in march

Evaluation workshop

The PT system is accompanied by a yearly evaluation workshop, which also
includes training on quality issues.

Interested in Participation?

If you are interested in participation, please contact the PT provider or

your local coordinator
NAMWATER




Annex /

Basic Statistics

Michael Koch

Statistics

= Are a tool to answer questions:
» How accurate is the analyses?

» How many analyses do | have to make to
overcome problems of inhomogeneity or
imprecision?

= Does the product meet the specification?

= With what confidence is the limit
exceeded?




Analytical results vary

= Because of unavoidable deviation during
measurement

= Because of inhomogeneity between the
subsamples

= |t is very important to differentiate between
these two cases

= Because the measures to be taken can be
different

322 322,3 322,29

322 322,5 322,49

322 322,3 322,28

322 322,2 322,17

= Are always present . a7 32167
322 321,8 321,76

322 321,7 321,75

322 322,2 322,17

If th t b 322 321,6 321,58

| | 322 3224 322,36
ere Seems O e 322 322,4 322,40

1 322 321,5 321,53

none, the resolution 3z So0s Soas

. . 322 322,1 322,05
IS not hlgh enough 322 322.2 32216
322 322,5 322,57

322 321,7 321,73

322 321,8 321,76

322 321,9 321,85

322 3224 322,41




Histogram

For the description of the variability

Divide range of possible measurements
into a number of groups

Count observations in each group
Draw a boxplot of the frequencies

Histogram

20
18
16
14

3

S 12

S 10

o

8

fre

oN MO
T

45,75 46,25 46,75 47,25 47,75 48,25 48,75 49,25 49,75 50,25 50,75
mg/g




Distribution

= |f the number of values rises and the
groups have a smaller range, the
histogram changes into a distribution
curve

Cumulative Distribution

= The cumulative distribution is obtained
by summing up all frequencies

= |t can be used to find the proportion of
values that fall above or below a certain
value

= For distributions (or histograms) with a
maximum, the cumulative distribution
curve shows the typical S-shape




Cumulative Distribution

100%

90% -
80% -
70% -
60% -
50% -

40% -

cumulative frequency

30% -
20% -

10% -

0% T T T T T T T T T
45,75 46,25 46,75 47,25 47,75 48,25 48,75 49,25 49,75 50,25 50,75

mg/g

Population —
Sample
= |tis important to know, whether all data (the

population) or only a subset (a sample) are
known.

Sample Population

A selection of 1000 All inhabitants of
inhabitants of a town a town

Any number of Not possible
measurements of
copper in a soil




Distribution Descriptives

= The data distribution can be described
with four characteristics:
= Measures of location
= Measures of dispersion
= Skewness
= Kurtosis

Location —
Arithmetic Mean

= Best estimation of the population mean
M for random samples from a population

n
D%
X = =L

n




Location —
Median

= Sort data by value
= Median is the central value of this series

= The median is robust, i.e. it is not
affected by extreme values or outliers

Location —
Mode

= The most frequent value

= Large number of values necessary

= |t is possible to have two or more
modes




Location —
Other Means

= Geometric mean
= Harmonic Mean
= Robust Mean (e.g. Huber mean)

Dispersion —
Variance of a population

= The mean of the squares of the
deviations of the individual values from
the populatri]on mean.

Zl (% - 1)’

n

2
O




Dispersion —
Variance of a sample
= Variance of population with (n-1)
replacing n and the arithmetic mean of

the data (estimated mean) replacing the
populationnmean M

Z (Xi - ;)2

2 i=1

n-1

Dispersion —
standard deviation

= The positive square root of the variance

Population Sample
Z(Xi _H)Z Z(Xi _;)2
i=1 i=1
o = S=
n n-1




Dispersion —
standard deviation of the mean

= Possible means of a data set are more
closely clustered than the data

o) where n is the number of

Sdm — T measurements for the mean
N

Dispersion —
relative standard deviation

= measure of the spread of data
compared with the mean

S
RSD = =
X

10



Skewness

= The skewness of a distribution
represents the degree of symmetry
= Analytical data close to the detection
limit often are skewed because

negative concentrations are not
possible

Kurtosis

= The peakedness of a distribution.
= Flat = platykurtic
= Very peaked = leptokurtic
* |n between = mesokurtic

11



Normal distribution - |

= First studied in the 18th century by Carl
Friedrich Gauss

= He found that the distribution of errors could

be closely approximated by a curve called the
,hormal curve of errors”®

GU723004950 % e
& I»‘
S ‘ghE L
E P
=
z

ZEHN DEUTSCHE MARK

Normal distribution - Il

= Bell shaped
= Completely determined by p and o

1 (x-p)?

Y= o2

e 252

12



Normal distribution — important
properties

= The curve is symmetrical about p
= The greater the value of g the greater the spread of the curve
= Approximately 68% (68,27%) of the data lie within yx1c

= Approximately 95 % (95,45%) of the data lie within yt2o
= Approximately 99,7 % (99,73%) of the data lie within pt3o

1 (x-p)°
- ——e 202
A2

Normal distribution —
a useful model
= With the mean and the standard

deviation area under the curve can be
defined

= These areas can be interpreted as
proportions of observations falling within
these ranges defined by yand o

13



One-tailed / two-tailed questions

= One-tailed = Two-tailed

= E.g. alimit for the » E.g. the analysis of a
specification of a reference material
product = We want to know,

= |tis only of interest, whether a measured
whether a certain value lies within or
limit is exceeded or outside the certified
not value * a certain

range

One-sided probabilities

[] Less than p + ko, P(<)
M Greater than p + ko, P(>)

k P(<) P(>)

1 0.841 0.159

1.64 0.950 0.050

1.96 0.975 0.025

2 0.977 0.023

3 0.998 0.002
H u+ko




Two-sided probabilities

[ ] Area within the range p + ko, P(in)
Il Area outside the range y + ko, P(out)

k P(in) P(out)

1 0.683 0.317

1.64  0.900 0.100

1.96  0.950 0.050

2 0.954 0.046

3 0.997 0.003
M-ko v pu+ko

Population / sample
= Small random samples of results from a
normal distribution may not look normal at first
sight
= E.g. samples from a population of 996 data

alllSo6vallles Population: p=100, 0=19,75

23 Sample size mean S
5] | 10 99,6 20,48
2 o] | 20 101,8 18,14
Ry | 50 97,76 19,13
5] | 100 96,52 20,14
WD R E A G D PSS PP 249 98,63 20,10
value 498 97,81 20,49

15



Confidence limits / intervals

= The confidence limits describe the
range within which we expect with given
confidence the true value to lie.

Confidence limits for the
population mean
= |f the population standard deviation 0
and the estimated mean are known:

= CL for the population mean, estimated
from n measurements on a confidence
level of 95%

— o)
CL= x+196 —
Jn

16



Confidence limits for the
population mean

= |If the standard deviation has to be
estimated from a sample standard
deviation s (this is normally the case):

= Additional uncertainty =» use of Student

t dIStrIbUtIOH Where t is the two-tailed

CL Y + tabulated value for (n-1)
= XZ t ’ degrees of freedom and the
A/ N requested confidence limit

t-values

Critical values for the Student t-Test

d.o.f\1T 60% 75%)| 80% 85%) 90%! 95%)| 97,50% 99%| 99,50%]| 99,90%| 99,95%)
d.o.f.\2T 20% 50%) 60% 70%)| 80%) 90% 95%) 98% 99%| 99,80%| 99.90%)
1[ 0,3249 1,000 1,376 1,963 3,078 6,314 12,71 31,82 63,66] 3183 636,6]

2| 0.2887] 08165 1,061 1,386 1,886 2,920 4,303 6,965 9,925 22,33 31,60

3| 0.2767] 0,7649] 09785 1,250 1,638 2,353 3,182] 4,541 5,841 10,21 12,94

4] 0,2707| 0,7407] 0,9410 1,190] 1,533 2,132 2,776] 3,747 4,604 7,173 8,610

5| 0,2672| 0,7267] 0,9195 1 15§| 1,476 2,015 2,571 3,365 4,032 5,893 6,869

6| 02648 0,7176] 0,9057 1,134 1,440 1,943 2,447 3,143 3,707, 5,208 5,959

7] 02632 07111 0,8960 1,119 1,415 1,895 2,365 2,998 3,499 4,785 5,408

8] 0,2619] 0,7064] 0,8889 1,108 1,397 1,860 2,306 2,896 3,355 4,501 5,041

02610 0,7027| 0.8834 1,100 1,383 1,833 2,262 2,821 3,250 4,297 4,781

0,2602|] 0,6998| 0,8791 1,003| 1,372 1,812 2 22§| 2,764 3,169 4,144 4,587

0,2596] 0 ﬁ' 0,8755 1,088 1,363 1,796 2,201 2,718 3,106 4,025 4,437

0.2590] 06955 0,8726| 1,083 1,356 1,782 2,179 2,681 3,055 3,930 4,318

0,8702 1,079| 1,350 1,771 2,160 2,650 3,012 3,852 4,221
0,8681 1,079 1,345 1,761 2,145 2,624 2,977, 3,787 4,140
0,8662 1,074 1,341 1,753 2,131 2,602 2,947, 3,733 4,073
0,8647 1,071 1,337 1,746 2,120 2,583 2,921 3,686 4,015

0,8633 1 0&' 1,333 1,740 2,110 2,567 Z % 3,646 3,965

0,8620 1,067 1,330 1,734 2,101 2,552 2,87 3,610 3,922

0,8610 1 0@' 1,328 1 72&' 2,093 2,539 2,861
0,8600 1,064 1 32ﬂ 1,725

3,579 3,883
2,086 2,528 2,845| 3,552 3,850
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Confidence limits —
depending on n
= Confidence Limits are strongly dependent on
the number of measurements

OCL (n
BCL(n
mCL(n

1)
3)
10)

Trueness — Precision — Accuracy - Error

= Trueness

» The closeness of agreement between the true value
and the sample mean

= Precision

= The degree of agreement between the results of
repeated measurements

= Accuracy
= The sum of both, trueness and precision

= Error

= The difference between one measurement and the
true value




Linkage

Improving
accuracy

Improving trueness

Error

v

Improving precision

from: LGC, vamstat Il

Significance Testing - ?

= Typical Situation:

» We have analysed a reference material
and we want to know, if the bias between
the mean of measurements and the
certified value of a reference material is
,Significant” or just due to random errors.

= This is a typical task for significance
testing

19



Significance testing

= A decision is made
= About a population

= Based on observations made from a sample of the
population

= On a certain level of confidence
= There can never be any guarantee that the
decision is absolutely correct

= On a 95% confidence level there is a
probability of 5% that the decision is wrong

Before significance testing

= Inspect a graphical display of the data before
using any statistics

= Are there any data that are not suitable?
= |s a significance test really necessary?

= Compare the statistical result with a
commonsense visual appraisal

= A difference may be statistically significant,
but not of any importance, because it is small

20



The most important
thing In statistics

No blind use

The stages of significance
testing - |
= Null hypothesis

= A statement about the population, e.g.:
There is no bias (U = X,e)

= Alternative hypothesis H,

» The opposite of the null hypothesis, e.g.:
there is a bias (M # X,0)

21



The stages of significance
testing - Il

= Critical value

= The tabulated value of the test statistics,
generally at the 95% confidence level.

= |f the calculated value is greater than the
tabulated value than the test result
indicates a significant difference

= Evaluation of the test statistics
= Decisions and conclusions

Significance test example —
the question

= |s the bias between the mean of
measurements and the certified value of
a reference material significant or just
due to random errors?

22



Significance test example —
graphical explanation

e popuatan meany " = The reference value is outside the

significant s
95% confidence limits of the data set

= The bias is unlikely to result from
random variations in the results

| ‘ | ‘ = The bias is significant
f

95% confidence interval for
the population mean p

not significant L
= The reference value is inside the 95%

confidence limits of the data set

T ‘. —T = The bias is likely to result from

random variations in the results

1 e

.

—l
X | —t

<
S

= The bias is not significant

Significance test example -
calculation

= The Null hypothesis
= We assume there is no bias: X=X

= Calculatlfcison of cotnsfidence limits
L X - ﬁ <p< X+ ﬁ
= With the Null hypothesis

n — t-s

— t-s
X——F7—=<X < X+ —F—
\/ﬁ ref \/ﬁ

‘i—x

ref

Or tcritical > tobserved =

51l

23



t-values

Critical values for the Student t-Test

0,8960
0.8889

3,499

d.o.f.\1T 60%] 75%! 80%] 85% 90%] 95%| 97,50%] 99%| 99,50%| 99,90%| 99,95%]|

d.o.f\2T 20%] 50%) 60%] 70%| 80%] 99%| 99,80%| 99,90%)
1] o03249] 1,000 1376] 1,963 3.078] 6366] 3183] 6366
2| 02887 08165 1,061 1,386] 1,886 9925] 2233] 31,60
3] 02767 o 76@‘ 009785 1,250 1,638 5,841 10,21 12,94
4] 02707 07407 09410 1,190 1533 4604] 7173|8610
5| 02672 07267] 09195 1.156] 1.476 4,032 6,869
6 0,057  1,134] 1,440 3,707 5,959
7
8

02648 0 717§|

0,2632] 0,7111 1,119]

1,415

10 08791]  1,003] 1,372 4,587
11 0259 0,8755| _ 1,088] 1,363 4,005 4437
12| 02590] 0,6955] 08726 1,083 1,356 3930 4,318
13| 0,2586 08702] 1,079 1,350 3,852 4,221
14| 02582[ 0,6924] 08681] 1,079 1,345 2624] 2977|3787 4,140
15| 02579] 06912] 08662 1,074 1,341 2947|3733 4,073

2921] 3686 4015
2898] 3646 3965
2 ﬂ 3610 3922
2.861] 3579 3883
2528] 2845 3552 3850

16| 0.2576] 0,6901] 0.8647 1,071] 1,337
17| 0.2573] 0,6892| 0.8633 1 0@' 1,333
1§| 0.2571] 06884 0.8620 1,067 1,330
19| 0,2569] 0,6876] 0,8610 1,066 1,328

20| 02567 0,6870[ 0.8600 1,064 1,325

Significance test example —
conclusions |

= If we find 1:critical observed
= Conforming to our Null hypothesis

= We can say:
= We cannot reject the Null hypothesis
= We accept the Null hypothesis
= We find no significant bias at the 95% level

= We find no measurable bias (under the given
experimental conditions)

But not: there is no bias

>t




Significance test example —
conclusions Il

= If we find 1:critical observed
= Not conforming to our Null hypothesis
= We can say:
= We reject the null hypothesis
= We find significant bias at the 95% level

= But not: there is a bias, because there is
roughly a 5% chance of rejecting the Null
hypothesis when it is true.

<t

One-sample t-test

= This test compares the mean of analytical
results with a stated value

= The question may be two-tailed
» As in the previous example

= Or one-tailed

= E.g.: is the copper content of an alloy below the
specification?

= For one-tailed questions other t-values are used




t-values

Critical values for the Student t-Test
:tE.oAf.\rr 60%] 75%! 80%] 85% 90%] 95%| 97,50% 99%| 99,50%| 99,90%| 99,95%]|
d.

o.f.\2T 20%] 50%, 60%] 70%, 80%] 90% 95% 98% 99%| 99,80%| 99,90%

0,3249) 1,000 1,376 1,963 3,078| 6,314 12,71 31,82 63,66 318.3 636.6
0,2887] 0,8165] 1,061 1,386 1,886 2,920 4,303 6,965 9,925 22,33 31,60
0,2767| 0. 7615‘ 0,9785 1,250 1,638 2,353 3,182 4,541 5,841 10,21 12,94
0.2707] 0,7407] 09410 1,190] 1,533 2,132 2,776 3,747 4,604 7,173 8,610

02672] 0,7267] 09195 1,156 1,476 2,015 2,571 3,365 4,032 5,893 6,869
02648] 0,7176] 0,9057 1,134 1,440 1,943 2,447| 3,143 3,707, 5,208 5,959
5,408

0,2632] 0,7111f 0,8960 1,119] 1,415 1,895 2,365 2,998 3,499 4,785 X

0. 2612' 0,7064| 0,8889 1,108 1,397 1,860 2,306 2,896 3,355 4,501 5,041

0.2610] 07027 08834 1,100 1,383 1,833 2,262 2,821 3,250 4,297 4,781

10[ 02602] 0,6998] 08791 1,093 1,372 1,812 2,228] 2,764 3,169 4,144 4,587

11) 0,2596] 0. ﬁ' 0,8755| 1,088 1,363 1,796] 2,201 2,718 3,106 4,025 4,437

12| 0,2590] 0,6955| 0,8726 1,083 1,356 1,782 2,179 2,681 3,055 3,930 4,318
0,6924

13| 0.2586 0,8702 1 07j 1,350 1,771 2,160 2,650 3,012 3,852 4,221

olo|~|o|alsfw|n |-

14] 0,2582 0,8681 1,079 1,345 1,761 2,145 2,624 2977, 3,787 4,140
15| 02579] 0,6912] 0,8662 1,074 1,341 1,753 2,131 2,602 2,947, 3,733 4,073
16| 0.2576] 0,6901 0,8647 1,071] 1,337 1,746] 2,120 2,583 2,921 3,686 4,015
17| 0.2573] 0,6892| 0.8633 1 0@' 1,333 1,740 2,110 2,567 2,898 3,646 3.965
1§| 0.2571] 06884 0.8620 1,067 1,330 1,734 2,101 2,552 Z @ 3,610 3.922
19] 0,2569| 06876] 0.8610 1,066 1,328 1,729 2,093 2,539 2,861 3,579 3,883

20| 02567 0,6870[ 0.8600 1,064 1,325 1,725 2,086 2,528 2,845] 3,552 3,850

Two-sample t-test

= This test compares two independent
sets of data (analytical results)

= The question may be two-tailed or one-
tailed as well

= Two-tailed: are the results of two methods
significantly different

= One-tailed: are the results of method A
significantly lower than the results of
method B

26



two-sample t-test — t-value

= The formula for the calculation of the t-
value is somewhat more complex:

o (X1~ X2)
T, 1) (s 1)+ s, 1)
n n (n1 +Nn, — 2)

= The degree of freedom for the tabulated
value ticq 1S

d.o.f = n,+n,-2

two-sample t-test - validity

= The two-sample t-test is valid only if
there is no significant difference
between the both standard deviations s,
and s..

= This can (and should) be tested with the
F-test

27



F-test

= The F-test is a method of testing
whether two independent estimates of
variance are significantly different.

= The F-value is calculated according to
Fobserved=Sa”/Sg?, With s,% > sg?
= The critical value of F depends on the

degrees of freedom dof,=n,-1 and
dofg=ng-1 and can be taken from a table

F-values
F statistics degrees of freedom for numerator (A)
for P=0.05 1 2 8 4 5 6 7 8 9 10
5“} 1] 647,79] 799,50 864,16| 899,58| 921,85 937,11| 948,22] 956,66 968,63
‘S 2| 38,51| 39,00] 39,17| 39,25 39,30| 39,33] 39,36| 39,37 39,40
% 3| 17.44| 16,04| 1544| 1510 14.89] 14,74] 1462| 1454 14,42
-g’ 4] 12,22] 1065 998 961| 936 920/ 9,07] 8,98 8,84
:g 5| 10,01 843| 776| 739 715 698| 685 676 6,62
£ 6] 881 726] 660 623 599 582] 570 560 5,46
é 7| 807 654 589 552 529] 512| 500 490 4,76
"2 8| 757 606 542| 505 482 465 453[ 443 4,30
Ng= 10 3 9
53
o 10 694] 546 483] 447 424] 407[ 395 386 3,72
n,=10




F-test - decision

" If Fypserved < Feriticar than the variances s,?
and sg? are not significantly different

= On the chosen confidence level

Paired t-test

= Two different methods are applied for
measuring different samples

&)

. o Method A Two-sample t-test is
25 o * MethodB inappropriate, because
differences between samples
2 $ ar much greater than a bias
" . between the two methods
. => paired t-test

0 T T T 1
sample 1 ‘ sample 3 ‘ sample 5 ‘
sample 2 sample 4 sample 6




Paired t-test - principle

= The differences between both methods
are calculated

= A one-sample t-test is applied on the
differences to decide whether the mean
difference is significantly different from
Zero.

Paired t-test — test statistics

= The t-value is calculated according to:
t . ‘idiff‘
observed ~ sy

Jn

= The critical t-value is taken from the t-
table for the desired confidence level

30



Statistics

= There are many statistical tools for the
analyst to interpret analytical data

= Statistics are not a ,cure-all” that can
answer all questions

= |f the analyst uses statistics with a
commonsense, this is a powerful tool to
help him to answer his customers or his
own questions.

Recommended literature and
training software

= LGC, VAMSTAT I, Statistics Training for Valid
Analytical Measurements. CD-ROM, Laboratory of
the Government Chemist, Teddington 2000.

= H. Lohninger: Teach/Me - Data Analysis. Multimedia
teachware. Springer-Verlag 1999.

= J.N. Miller and J.C. Miller: Statistics and
Chemometrics for Analytical Chemistry. Prentice Hall
Publisher 2005

= T.J. Farrant: Practical Statistics for the Analytical
Scientist — a Bench Guide. Royal Society of
Chemistry for the Laboratory of the Government
Chemist (LGC), Teddington 1997
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ﬂw!Assuring the Quality of Test and Calibration Results -
ISO/IEC 17025 - 5.9

= The laboratory shall have quality control
procedures for monitoring the validity of
tests and calibrations undertaken.

= The resulting data shall be recorded in
such a way that trends are detectable
and, where practicable, statistical
techniques shall be applied to the
reviewing of the results.

Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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‘ Universitat Stuttgart

5"‘-Assuring the Quality of Test and Calibration Results -
ISO/IEC 17025 - 5.9

= This monitoring shall be planned and reviewed and
may include, but not be limited to, the following:
= regular use of certified reference materials and/or
internal quality control using secondary reference
materials;

= participation in interlaboratory comparison or
proficiency-testing programmes;

= replicate tests or calibrations using the same or
different methods;

= retesting or recalibration of retained items;

= correlation of results for different characteristics of an
item.

»
Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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’ Universitat Stuttgart
.
A%
Control Charts

= Powerful, easy-to-use technique for the
control of routine analyses

= |SO/IEC 17025 demands use wherever
practicable

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

= introduced by Shewhart in 1931

= originally for industrial manufacturing
processes

= for suddenly occurring changes and for slow
but constant worsening of the quality

= Immediate interventions reduce the risk of
production of rejects and complaints from the
clients

Koch, M.: Control Charts — EAC Workshop 2008 Arusha ) m ’
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3 Quality control charts

developed by Shewhart in 1930 for industrial production control

= Take samples during the process
= Measure a quality indicator

= Mark the measurement in a chart with warning and
action limits

concentration:

upper action limit

upperwarning limtf- — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —

target value ® ® ®

lower warning limit |- — — — — — — — —

lower action limit

N T T S Y N
group-No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Koch, M.: Control Charts — EAC Workshop 2008 Arusha m 4
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e
Principle of control charts

= Graphical display of quality based on
= A target value and
= Quality limits

= With the following different control limits:
= Warning limits: exceeding once is tolerated

= Action limits: Exceeding requires
immediate action

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

’ Universitat Stuttgart
-
Guidelines and literature

= |SO 8258 — Control Charts
* Funk, Dammann and Donnevert: Quality
Assurance in Analytical Chemistry. Wiley

= NORDTEST: Internal Quality Control —
Handbook for Chemical Laboratories, TR
569, www.nordicinnovation.net/nordtest.cfm

= |SO/DIS 13530: Guide to analytical quality
control for water analysis

8 Koch, M.: Control Charts — EAC Workshop 2008 Arusha
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5“1.Quality control charts
in analytical chemistry

concentration A

B R ey st bR L LR L L e L R LR L
t2s F—-————— -~ ——— = — —
S| 8 Twarningrange action range
0 [ ~|target
0| o
81 | value l
28 Fm—— =¥ e - - -
238 frmmm e e T e
S Ay Y A
serial No or date
I
9 Koch, M.: Control Charts — EAC Workshop 2008 Arusha ) m ’
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Action limits

= There is probability of only 0.3 % that a
(correct) measurement is outside the
action limits (3 out of 1000
measurements)

= Therefore the process should be
stopped immediately and searched for
errors

10 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m p;
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Y
Warning limits

= 4.5% of the (correct) values are outside
the warning limits.

= This is not very unlikely

= Therefore this is only for warning, no
immediate action required

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

’ Universitat Stuttgart
-
Calculation of standard deviation

= measurements marked in the control
chart are between-batch

= standard deviation should also be
between-batch

= estimation from a pre-period of about 20
working days

= repeatibility STD = too narrow limits
= interlaboratory STD = too wide limits

12 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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S |
Requirements for the pre-period

= Conditions as similar as possible to the
control period
= not more care
= if necessary with change of operator

= intermediate conditions like in routine
repeatibility =» too narrow limits
reproducibility (PT) =» too wide limits

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

’ Universitat Stuttgart
-
Limits < Fitness for purpose

= Action and warning limits have to be
compatible with the fithess-for-purpose
demands

= no blind use

14 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m
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What are Out-of-control-situations?

n

e’

= The control chart shows, that the
current situation is very unlikely to occur
for normal distributed data

15 Koch, M.: Control Charts — EAC Workshop 2008 Arusha ! m 4
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n

o

‘Out-of-control-situation 1

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

16 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m £
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Y o
Out-of-control-situation 2

concentration
upper action limit

upper warning limit

target value

lower warning limit

lower action limit

| | | | | | | | | | | | | | | | | |
group-No. >

17 Koch, M.: Control Charts — EAC Workshop 2008 Arusha ! m £
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5 .
Out-of-control-situation 3

concentration /

upper action limit

upper warning limit

target value

lower warning limit e [

lower action limit

| | | | | | | | | | | | | | | | | |
group-No. >

18 Koch, M.: Control Charts — EAC Workshop 2008 Arusha m "
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concentration
upper action limit

upper warning limit

target value

lower warning limit

lower action limit

group-No.

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

‘ Universitat Stuttgart

S . )
‘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
_:...I.... "
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

’ Universitat Stuttgart

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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q“
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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SR

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




—

Konzentraion | \ ‘ Universitat Stuttgart
.a].*.l obere Eingifisgrenze | __....... K

¥ Reaction to e —

T
. . 0 [0}
Situation 4/5 s [0 |
0] 4
untere Warngrenze | _ _ _ _ _ _ ___ _ 9 ,,,,,,,,,,,,, i 4
_—

= 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

‘ Universitat Stuttgart

= 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

’ Universitat Stuttgart

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

’ Universitat Stuttgart

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

’ Universitat Stuttgart

¥ 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
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¥ 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

’ Universitat Stuttgart

»¥ 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

50

’ Universitat Stuttgart

¥ 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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T

»¥ 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
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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

27



‘ Universitat Stuttgart
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

’ Universitat Stuttgart
~8

‘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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a\‘

‘Example data

’ Universitat Stuttgart

999 data, mean: 100, std: 9.99

N
[

N
o

w
o
L

w
o
L

N
a
T
T
T
T
T
T

frequency
8
I
I
T
I
I
T

=

o
T
T
T
T
T
T
T
T
T
T

=
o
T
T
T
T
T
T
T
T
T
T
T
T
T
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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_,/'

2

Universitat Stuttgart

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)

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

S
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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)

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

niversitat Stuttgart

& 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)

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

Universitat Stuttgart

& | 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

. 1 .
6 7 8
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)

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

Universitat Stuttgart

& 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)

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

27 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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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
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& | 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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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)

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

34 Koch, M.: Method Validation — EAC PT Workshop 2008 Arusha
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=
n
]
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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)
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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

19



39

Universitat Stuttgart
\ t&

’ 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
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&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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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>
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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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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)

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

niversitat Stuttgart
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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