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Measurement Uncertainty for Cd and P
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Evaluation:

1. Modelling approach (single effect investigation, ISO/DIN "GUM")
2. Laboratory validation approach (process replication, ISO/DIN 5725)
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Medelling Appreach)

Classification of Effects in Sampling
("Sampling Theory" according to Gy )

Sampling
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Point Materialisation Error
Grouping & Segregation Error

Fundamental Error i i
Global Estimation Error

Sample Preparation Error Analytical error




Eifects in Soil Sampling )

Sampling Physik. Sample Preparation
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Spartial Distribution
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No. of Inkrements . Storage
Segregation
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Measurement
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Modelling - Case Stucy)

Tested Effects in Sampling, Sample Preparation and Analysis

Sampling

Sampling Protocol (1)
No of Increments (2)
"Depth Effect” (3)

Splitting (4) Precisi é')
o recision
Sieving (5) ———¥% Stability (8)

Drying (6) Trueness (9)

/

Mech. Sample Prep. Analysis




Case Study)

Definition of measurand:

* Mass fraction of analyts of a
soil body of 30 cm depth

» Sample material air dryed,
ground, and sieved to <2 mm

+ Sample produced according to
a specified sampling protocol

Sampling Protocol (Strategy):

+ Sampling scheme: Diagonal
» Auger sampling device

» 20 increments per ha

0.315ha (143 m x22 m)

(forest)
Medelling Approach )
D1 D2 —
0.343 0.35! )
c 1. Sampling Strategy (system. effect)
Reference-Sampling:
5 composite samples from squares
A1, A3, B2, C1, C3; 18 incr. each
0343 (B2
Difference D1 and D2
(Cd) AXpipg = 2.8 %
A biag ! 2
("Typ B": U-Distribution) Upror = %
0285 | 027
1 3

- 0
(path) Upot = 1.0 %




9 increments on square B

Med=ling Approach )

2. Between Increment Locations
(random effect)

(10 m x 10 m) (Cd)
Increment X Long range heterogeneity (betw. sqr): S =12 %
(mg/kg) Short range heterogeneity (within sar): S, = 9.8 %
1 0.364 5 5
2 0.411 Sier \ Sbs T Sus =16 %
3 0.468
4 0.413 Sincr
"Typ A" U, = —ne
5 0.370 ;uo?/r?]al Distribution) iner A Miner
6 0.376
7 0.389 (each diagonal: n, . =9)
8 0.376
9 0.464 Uper = 5.4 %
S,:=9.8%

Med=ling Approach )

3. Depth Effect (1)

"Materialisation error"
(Delimination and Extraction)

30cm 32cm

Abweichung von der nominellen Einstichtiefe

30cm 30cm 30cm

30cm

y

Abweichung durch Verluste vom Bodeninkrement




Reference Depth

3. Depth Effect (2)
Analyt gradient in depth

Medeling Approach )

Analytical values of cores
(mean of 5 cores):
Depthprofil (FAL 3)
0-5cm
<
Q- 25-30cm
g (Ref. Depth)
30-35¢cm -5cm: c_= 0.14 mg/kg
0,0 0,1 0‘,2 0:3 04 0,5 0,6 0,7 (Ref. Depth)
mglkg +5cm: ¢, = 0.10 mg/kg
Medeling Approach )
3. Depth Effect (3) -

Transformation

Difference in depth

=
Depth Core Analtical Values
30cm X. X X,
A0% el b e L
c.(-5cm)

+10%

Difference in analyte content

Assumption:

max. deviation from ref. depth: +10%

("Type B": —_
Triangle uDe = M
Distribution) s

NG

Upepth = 3.5%
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- 4. Sample Splitting (1)

Test of duplicates
from field samples (n = 18)

Method:
.pizza pieces”: 6 times to half mass

rejected
I mixed again
Avabyragrob e

LABOR

() o o ...
@ sehnalysmprobe
@ HFeldprobet ® ot Teit

N
>y

Med=ling Approach )

4. Sample Splitting (2)

Cugpets Uer, = S
Distribution of standard deviations Normal Distribution) Sl Split
from 18 duplicate measurements
(Cd)
Z:’T Mean of standard
H deviations: Sgpit = 9-0%

2-15 15-18

s (%) Ugpie = 5.0%




Medeling Approach )

5. Sieving (particle size <2mm)
Test of field samples (n = 6)
Max. difference Ag;,, in analyte content of samples

after 1. sieving (low force) Asey = |Cis - Cosl
and 2. sieving (stronger forces) ’ ’

ﬁ ASiev =6.6%
l stronger forces
v : ;
— — ("Type B
LV—Q‘%G\Q—’Ol o o0 Co Rezf:ngular Ue — ASiev /2
sample Mx.3 distribution)  S1®V J3
lt sieving lz. sieving
A_ —_
sample Mx.1 sample Mx.2 USiev = 1-9 0/0
Medeling Approach )
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6. Drying

Water content in prepared analytical samples

Reference *:

For a large number of sieved and
air dried soil samples a water
content was found between 1 - 3 %. Apy = 2.0%

* R. Dahinden, A. Desaules

Die Vergleichbarkeit von Schwermetallanalysen in

Bodenproben von Dauerbeobachtungsflachen ("Type B" A. [2
_ “Dry

Eidg. Forschungsanstalt fiir Agrikulturchemie und z\’.etctlabngt;lular uDry
Umwelthygiene, Bern 1994 istribution) A3

Upy = 0.6 %




Instrumental Analysis

Medeling Approach )

Single laboratory validation data

Analytical Methode

Cd: Solid Sampling Zeeman-Graphitfurnace-AAS

Uncertainty | gyajuation Standard-
contribution uncertainty
7. | Repeatability Precision of test samples Uy = 3.6 %
8. Ié?:;;itt?rm (Controlchart Upas = 279
9. |Trueness Cert. Referencematerial (CRM) Uy = 2.7 %
Combined analytical uncertainty Uany = 5.2 %
Medeling Approach )
4

Uncertainty - Budget

Estimation of Combined Measurement Uncertainty

Standarduncertainty

Cd P
1. | Sampling protocol 1.0 % 0.5 %
2. | Between locations | Sampling 5.4 % 2.9%
3. | Depth effect 3.5% 3.7%
4. | Splitting 5.0 % 25%
5. | Sieving Sample 1.9 % 2.4 %
Prep.
6. | Drying 0.6 % 0.6 %
7. | Repeatability 3.6 % 0.6 %
il f Inst. 0, _
8. | Stability (lab. bias) Analysis 2.7 %
9. | Trueness 27%" | 97%?
Combined Uncertainty 9.1 % 11.3 %

1) Confidence interval
of CRM BCR 280

2) Sk from an Inter-
Laboratory Comparison




Laberatery Velidaiien A@@W@@@m)

Six independent sampling processes
- Sampling under reproducibility conditions
- Analysis under repeatabiliy conditions

Sampler | Diagonal Cd
(mg/kg)
1 D1 0.314 samp_ R
2 D1 0.304
3 D1 0.345
4 D2 0.313
5 D2 0.313
6 D2 0.350 "  Uncertaint
Tmomn | ersrement Uncerainy
sr =6.0% compoNents Up;ass Upes ):

Upeae = 8.0 %

Case Stwdy )

Measurement Uncertainty for Cd and P in
Agricultural Top Soil

Comparison of Methods

Expanded Uncertainty : Upeas = K x U o
Laboratory Modelling
Validation
Cd 19 % " 18 % ¥
P 26 % ? 23 %%
Faktor k for approx. 95% coverage: 1) k=24 (df, = 7) 3) k=20 (df,>30)

2 k=21 (dfy=20) 4 k=20 (dfy>30)
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Ulrich Kurfiirst et al.:

Reprasentanz von Probennahmeverfahren auf Ackerflachen
- eine Fallstudie zur Ermittlung der Messunsicherheit fiir
Cadmium und Phosphor
(Endbericht)

Representativity of Sampling on Arable Land
- a Case Study of Evaluation of Uncertainty in Measurement for
Cadmium and Phosphorus
(Final Report)

WWW. HS-Fulda.de/fileadmin/Fachbereich_OE/
Download/Profs/UK/Bericht_PronAck_06.pdf




