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Aims of the Nordtest TR 537

e To provide a practical, understandable and common way of
measurement uncertainty calculations, mainly based on already
existing quality control and validation data

e To present and explain practical examples, taken directly from
the everyday world of environmental laboratories
* However, the approach is very general and should be
applicable to most testing laboratories in the chemical field

e The handbook covers all steps in the analytical chain from the
arrival of the sample in the laboratory until the data has been
reported.

* NOTE: Vital parts of the total measurement uncertainty are

. . . .
o not included, e.g. sampling, sample transportation and
possible gross errors during data storage/retrieval.
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Nordtest TR 537 Edition 4 - Updates

* Uncertainty over the measurement range

* Separate section on estimating measurement uncertainty over the
measurement range, in either absolute units or relative units

* Estimating standard deviation from routine sample replicates
* Pooled standard deviation is used instead of a factor applied to the mean
range.
* Use of control chart limits for the within-lab reproducibility
component u(Rw) is pointed out more clearly

* Harmonisation of the terminology with ISO 11352

* Water quality — Estimation of measurement uncertainty based on
validation and quality control data

oy
-
SYKE
Nordtest TR537 uncertainty estimation
® Basic principle
Within-laboratory
reproducibility
Long-term random effects
—
u. =u(R,,)? Mu(bias)?
Laboratory and method bias
Long-term systematic effects
oy
S
SYKE
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Data sources for uncertainty estimation
accoring to Nordtest TR537

e Within-laboratory reproducibility, u(R,,)

* Two options
* Control sample covering the whole analytical process
* Control sample and routine sample replicates

e Bias, u(bias)

* Three options
* Certified reference material / Control sample
* Interlaboratory comparisons / Proficiency tests
* Recovery tests

SYKE

XChart: Ny
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® S0-S2: Calibration standard solutions I I
e BL: Blank samples ] ——
e QC: Quality control samples
Ly o T1..:Testsamples
SYKE

Modified from Nordtest TR 569
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MUkit — measurement uncertainty ‘
software ENVICAL
MUKit

e |tis based on the

* Nordtest TR 537 (Handbook for Calculation of Measurement
Uncertainty in Environmental Laboratories) and on the

* Standard ISO 11352 (Water quality -- Estimation of
measurement uncertainty based on validation and quality
control data).

e Using the software, the laboratories can easily calculate
measurement uncertainties using

* Quality control samples,

* Repeated results from routine samples,
* Results from proficiency tests and

* Results from recovery tests

SYKE

History of MUKkit software

* Version 1.0
* Only relative uncertainty estimation possible
* Open source code under BSD license

* Version 1.9.5

* Test version including absolute uncertainty estimation

* Version 3.0

* The software calculates the repeatability component using the pooled
standard deviation as presented in the latest edition (Ed.4) of Nordtest
TR537 guide

* Software info texts have been updated to match the chapters in the
Nordtest guide

* In addition to relative measurement uncertainty, also absolute
measurement uncertainty calculation is available

* Software can still be downloaded and used for free of charge, but the
program source code will not be open anymore.
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Example: Total nitrogen in waste water

e Step 1: Specify measurand

e Total nitrogen mass concentration in waste water measured

according standard method EN I1SO 11905-1.

e Uncertainty is estimated using the results of control charts (X-

chart and R-chart)

SYKE

# MUkit Measurement Uncertainty Kit

] (=]

Relationship between (a) absolute measurement uncertainty and concentration.
and (b) relative measurement uncertainty and concentration.

Divide the measurement range (c) at the dashed line into 2 low rangs whers the
absolute measurement uncertainty is constant and a high range where the relative
measurement uncertainty is approximately constant (NT537/ed4, Chap. 4.1, Fig 5)

Choose “Calc. Absolute Uncertainty” when measurement uncertainty can be
assumed to be constart as an absolute value. The assumption can usually be
made when the R- or sr-value remains constant within the concentration ange
(The r and sr¥ value is rapidly increasing towards the lower concentrations).

Choose Calc. Relative Uncerainty” when measurement uncertainty can be
assumed to be constant in percentage value. The assumption can usually be made
when the r¥%- or sr% value remains constart within the concentration range.

See charts for R, sr.r% and sr' in “Routine replicates™ sheet.

Fle Settings  Help
.. | Info Box l @
Method Specific — -
Measurand = Quantity intended to be measured. The measurand can be e.g. "Mass
concentration of Cd”, "Mass of fiter” or “Fibre contert of food™.
Specify M = = I
Method Name Unit of Measurand
Method_ABC Info BoX
g
Analysis Principle {Anal E :
In-houss method basec £ z H
1S0 119051, Determin; o = 1
(a) 85| !
Sample preparation N g !
Oxidation with peroxodi 53 !
autociave, 120 oC and El :
<
Calculated U Z | Concentration
Levels S 1
E ]
g = [
ORHIE
FE|\ 1
E g 1
w £ |
23
K] I
T
& L -
| Concentration
1 Measurement range
(C) . ! * of the method
Cac Bdde : Relative measurement
Uncartainty Absolute measurement 4_"l uncertainty
* Withindaboratory rep uncertainty 1
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Uncertainty Calculation for a Concentration Range

Quantifying measurement uncertainty for a certain concentration level

Paramelers

Save
Unfinished

Parameters > Results

Paramefers

Within-laboratory reproducibility - u(Rw) ()

[ Cortrol sample and rovtine sample repli

™

Method and Laboratory bias - u(bias) ()

| Certified reference material / Control Sample

™

|

ENVICAL
MUkt

r-% :
Y K E = Compulsory fields for the counting
== Fields nesdsd for 5 complets Nordtest Report Next
Routine sample replicates
Replicate |Replicate result 1|Replicate result 2|Replicate result 3 [Replicate result 4 Date
series N:o (mg/L) (mg/L) (mg/L) (mg/L) measured

1 0,181 0,163 0,169 0,179 30.9.2018,

2 0,189 0,168 0,172 0,178 21.12.2018

3 0,178 0,171 0,174 0,182 10.10.2018

4 0,199 0,184 0,179 0,189 1.8.2018,

5 0,193 0,186 7.12.2018|

6 0,191 0,199 0,201 0,192 27.11.2018

7 0,192 0,198 0,199 0,199 11.1.2018,

8 0,267 0,206 7.1.2018

9 0,255 0,211 26.4.2018,

10 0,206 0,216 0,226 0,226 27.7.2018]

11 0,271 0,225 0,257 2.10.2018]

105 3,84 3,78 3,71 13.11.2018

106 3,72 3,99 3,89 3,75 17.6.2018

107 4,01 4,12 3,99 4,12 20.2.2018,

108 4,44 4,31 4,12 4,33 11.11.2018|

109 4,71 4,51 4,52 4,65 10.12.2018,

110 4,31 4,65 4,66 4,35 3.4.2018|

111 4,64 4,59 4,57 24.10.2018
ﬁ 112 4,95 4,67 4,69 4,96 7.12.2018]

113 4,93 4,73 4,95 4,91 3.2.2018] 14
e’ 114 4,89 4,77 4,79 5.7.2018
Y K E 115 4,99 4,89 4,89 10.10.2018




20.11.2019

-
Standard Deviation of Routine Samples from

Maximum
eha I Delete Selection H LIMS Import ]
samples per

FED'ICBIESEHES [ Paste from Excel ][ (il.lmm ]
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Concentration/value
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Meas. Measurement
Number Date result (mg/L)
1 3.1.2018 0,519 I
s ls1o0s | 0430 Reference material is used as control sample.
3 9.1.2018 0,499
4 11.1.2018 0,458
5 |131.2018| 0,517 0680
6 15.1.2018 0,491
7 17.1.2018 0,472 0,630 1
8 19.1.2018 0,518 UAL
9 23.1.2018 0,536 |
10 | 26.1.2018 0,490 0,580 uwL
1 29.1.2018 0,524
12 1.2.2018 0,489 r\.‘ M
0,530
— Al n A l/\-\ A Mean
VVV ' Y V V VU
65 | 26.9.2018 0,522 0480
66 | 2.10.2018 0,499
67 |11.10.2018 0,502 o 430 LWL
68 |16.10.2018 0,589 ’
69 |24.10.2018 0,540 LAL
70 12.11.2018 0,460 0,380 - -
71 15.11.2018 0,505 1 6 11 16 21 26 31 36 41 46 51 56 61 66 71
72 |27.11.2018 0,468
73 | 7.12.2018 0,525
~ 74 117.12.2018 0,530 17
SYKE 75  |21.12.2018 0,598
Standard deviation for controls samples from workshest ‘ - .
I Delete Selection H LIMS lmpert ] LSBT T
[ e ][ Frmrmie ] 0.6 -
. :
0.55 " 1s
L3 ;E LI — - = e . M
i josel T ) 2
6 = = 1s
0.4
0 20 40 60
Row Number
Standard devistion Average concertration (@ Number of results
{fma) {mg) b ET
91 051525 18
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Qi ifying uncertainty for a certain concentration level
Certified Reference Materials

[ | et » i el > Cotot Sorpls » i Fidems > Bt iy

e | psesres |
@ Standard Deviation of Mumber of Certffied Concentration Date of Last Measurement  *+ Additional Irformation
Measured Conc. {ma/) Measuremerts (mg/) T
0.03491 : 75 - 05 i 13. mamaskuuta 2019 [T
Mattc = |
Measured Standard Uncertainty  Date of First Measurement == ]
e @ Tt EemssnenE L= |
051525 * (mg/) 13. maraskuuta 2019 [ 1
0,005 i |

Certified Conc
Uncetainty
(mg/1)

Measured Measued  Measure Date of Addiional
Concertration Sdmad)  Court  Fist Information

051525

19
s TP
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Summary of the method's measurement uncertainties

Method information
Method name Method_ABC
Measurand Total nitrogen (Ntot) mass concentration
Sample Type
(Matrix) Waste water
éﬂggsiz In-house method based on standard EN 1SO 11905-
(Analpzer 1, Determination of nitrogen -- Part 1: Method using
etc.) y oxidative digestion with peroxodisulfate
Sample Oxidation with peroxodisulfate in autoclave, 120 oC
preparation and 30 minutes
Additional Limit of quantification (LOQ): 0.15 mg/l Range of
information detection: up to 5 mg/I

Calculated Uncertainties at Different Measurand Levels

.| within-lab - Combined
Concentration 5 u Bias u Expanded
range {mg/I) I[l):zodnubity (Rw) | Data (bias) i:la“dal ':Inty uncertainty
A Control sample ief;tri:?ge 20
- and routine 0,042 ; 0,017
SYKE 0,15-1 sample mg/l gatenalf mg/l 0,045 mg/l 0,10 mg/I
. ontrol
replicates
Sample

10
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MEASUREMENT UNCERTAINTY ESTIMATION

Step | Action

Method_ABC

15.11.2019

ABSOLUTE

Concentration range: 0,15 - 1 mg/l
Sample Type (Matrix): Waste water

Analysis Principle (Analyzer etc.): In-house method based on standard EN ISO
11905-1, Determination of nitrogen -- Part 1: Methed using oxidative digestion with

1 Specify Measurand
peroxodisulfate
minutes
up to 5 mg/l
A: Control samples:
Number of control samples: 75
Average concentration: 0,52 mg/l
Quantify within- <
laboratory Standard deviation, “Fw : 0,035 mg/l
reproducibility,
u(R,) B: Routine replicate samples :
2 Number of routine replicate series: 65

A: Control sample

B: Possible steps not
covered by control

Number of parallell measurements: 3 - 4
Concentration range: 0,17 - 0,95 mg/l

s,

sample Pooled standard deviation, 5+ : 0,024 mg/l
— 2
[“(Rw) =Vsmet 157 _ 042 mgsi ]
o

S

Y KE

Measurand: Total nitrogen (Ntot) mass concentration

Sample preparation: Oxidation with peroxodisulfate in autoclave, 120 o€ and 30

MEASUREMENT
UNCERTAINTY
ESTIMATION

Additional information: Limit of quantification (1 001: 0.15 ma/l Ranae of detection:

Quantify method and
laboratory bias,
u(bias)

Method and laboratory bias from certified reference material:

Different certified reference materials count, N : 1

i 1

Certifiad concentration, “ref 0.5 mg/l
Standard uncertainty of cartified concentration, Wlerr) 0.005 mg/|
Measured concentration, “t 0.52 mg/l
Standard deviation of measured concentration, % 0.035 mg/l
Number of Measurements, 75

bias; = ¢; — Cragi 0.015 mg/l

Period of measurements -

Szmele Type (Matrix)

Additional information

ul(bias) = biaslz-f—(‘ )2+u[%1’1)2 =0.017 mg/l

Convert components to
standard uncertainty

u(Ry) - 0.042 mg/l

u(bias) _ g 017 mg/l

Calculate combined
standard uncertainty,
u

©

Ue = Ju(RW)? +u(bias)? _  gac mg/l

Calculate expanded
uncertainty,

u

U=2-U _g10mgn

MEASUREMENT UNCERTAINTY ESTIMATION

RELATIVE

Step | Action Method_ABC 11/15/2019
Measurand: Total nitrogen (Ntot) mass concentration M EAS U RE M E NT
Concentration range: 1 - 5 mg/l
Sample Type (Matrix): Waste water U N C E RTAI NTY
Analysis Principle (Analyzer etc.): In-house method based on standard EN 1SO
1 Specify Measurand 11905-1, Determination of nitrogen -- Part 1: Method using oxidative digestion EST' MAT' ON
with peroxodisulfate
S, ! tion: Oxidati th disulfats
m"armpt:fmpara fon: Dxidation with peroxodisuliate in at Method and laboratory bias from certified reference material:
. N
Additional information: Limit of quantification (LOQ): 0.1 Different certified reference materials count, 2
up to 5 mg/l B i Z
Cartified concentration, “ref 2.5 moll 4 ma/l
A: Control samples:
Number of control samples: 123 Standard uncertainty of certified wleerd) 08 % 0.6 %
: Measured < 2.55 ma/l | 3.95 ma/l
Average concentration: 2.55 mg/l
Quantify within- So . o Standard deviation of measured concentration, *® 47 % 2.9 %
laboratory reproducibility, | Standard deviation, “&w : 4.7 % Number of Measurements, ™ 123 75
) . . . bins, — “ 100% 21% “1.3%
u(Rw) B: Routine replicate samples : Quantify method and
2 Number of routine replicate series: 50 3 laboratory bias, Period of measurements -
. i ample Type (Matrix
A th;ul‘ sample Number of parallell measurements: 2 - 4 u(bias) s 2
B: Possible steps not . B tHona’ Infermation
covered by control Concentration range: 1.14 - 4.92 mg/| T wen)
sample Pooled standard deviation, ** : 3.1 % u(cﬂf)lemfZ
=0.7 %
2, .2
(R =Ven 457 g, |
RMSpi5 =
=1.7%
u(bias) = \[RMSENSZ +U(Crer)?
=1.9%
4 | Convert components to u(Ry) =5.6%
standard uncertainty u(bias) _ 199%
g Calculate combined
5 itar\dard uncertainty, U = Ju(Rw)? +u(bias)® _¢ oo
SYKE Caleulate expanded
6 uncertainty, U=2-U _y5q
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Search the site

International services
Research Vessel Aranda
Quality and laboratory services

* The National Environmental
Reference Laboratory SYKE

* Proficiency testing and
intercalibration senices

*» Calibration services and
contract laboratory

» MUEKit- Measurement
Uncertainty Kit

» Archive
» Analytical testing services

» Certification of qualified
sampling personnel

> Methods standardization in
the emvironmental field

Library and information sernices

Training and seminars

Home - Services - Qualtty and laboratory services RELATED TOPICS

Contact information of

Calibration and contract laboratory e

ENVICAL SYKE

RELATED LINKS

EnvCRM project

CURRENT

ENVICAL SYKE has released new version (v3.0) of the MUKit measurement uncertainty
software. Major updates in the new version are as follows:
« The software calculates the repeatability component using the pooled standard
deviation as presented in the latest edition (Ed.4) of Nordtest TRE37 guide
« Software info texts have been updated to match the chapters in the Nordtest guide
« In addition to relative measurement uncertainty, also absolute measurement
uncertainty calculation is available
« Software can still be downloaded and used for free of charge, but the program source
code will not be open anymore

International services

New version (v3.0) has now been released!

» The National Environmental
Reference L aboratory SYKE

> Proficiency testing and
intercalibration senices

» Calibration services and
contract laboratory

> MUKt - Measurement
Uncertainty Kit

> Archive
* Analytical testing services

* Certification of qualified
sampling personnel

» Methods standardization in
the environmental field

Library and information services
Training and seminars

Permits

Home - Services - Qualty and laboratory services - Calbration servicss and contract laboratory RELATED LINKS

« Aboutthe program

« System requirements

« End User License Agreement
« Downloads

= Disclaimer

» Authors & Acknowledgements

About the program

MUKit (Measurement Uncertainty Kit) is a measurement uncerainty software application, where
calculations are based on the Nordtest TR537 handbook. By introducing the MUKit software, ENVICAL
SYKE presents for chemical Iaboratories a user-friendly tool, which can be utilized for measurement
uncertainty estimations often appearing to be a laborious task to perform. The traceability and
comparability of analytical results require knowledge of the measurement uncerainty associated with
aresult. Auniform forthe of mi urement uncertainty is expected to improve
the comparability of analysis results between laboratories

The software allows laboratories to easily evaluate the measurement uncertainties utilizing:

Download for free of charge
www.syke.fi/envical/en

SYKE
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w(R,) =Vspe? +3,

od and laboratory bias,

Method and laboratory bias fru
Different certified reference materials

Certified concentration, ‘ref ¢

Standard uncertainty of certified concentration, “(“7:

Measured concentration, <t

Standard deviation of Shias

Number of Measurements, "

bias; = ¢; — Crefi

Period of measurements
Sample Type (Matrix)
Additional information

u(bias) = Jbiasla + (’:‘,—:_‘:)z +u (c,..,l)z !

ents to standard

u(R,) = 0.461 pg/l
u(bias) _ g 117 ygn

Uy = Ju(Rw)? + u(bias)® _ .o

www.syke.fi/envical/en ') f
SUOMEN YMPARISTOKESKUS SYKE |
W @SYKEinfo f www.facebook.com/syke.fi

SYKE.FI |

O www.youtube.com/user/sykevideo

U=2-U _gpgn
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IN www.linkedin.com/company/syke

13



