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SUMMARY

A total of 48 laboratories reported their resutstie 8' FSCC Interlaboratory Comparison 2007. Nine
laboratories reported outliers and stragglers fareamthan 20 % of the total; five based on the
between-laboratory variability, and eight laboregsrbased on the within-laboratory variability.
Problem parameters are (1) exchangeable elemamscially Na, Ca, free Mg, Acidity and Fe,
(2) the heavy metals Hg and Cd extracted by AqugicR&xtractable Al and Mg, (3) carbon content
in sample D with low organic carbon content andti) pH determination of a peat sample. In general
there are more problems when the concentrationhef doncerning element is relatively low.
Compared to the"™FSCC interlaboratory comparison in 2005, the dciefits of variation of all
groups of analysis have improved or remained aitrélas level. The CV of the blind sample B
improved by 20% mainly because of a large improvenaf the analysis of the Aqua Regia
extractable elements.

The application of the data integrity expert ruteslld have been better. Several laboratories regort
data which violated the rules. The rules might naether refinement, especially concerning peat

layers e.g. for pH.
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1 INTRODUCTION

ICP-Forests of UN-ECE initialised in collaboratiaith the EC a programme for the assessment and
monitoring of air pollution effects on forest ece®ms in Europe. The major objective of the
programme was to realise a better understanditigecdir pollution processes. The study of the tores

soil condition is an important part of this foresbnitoring programme.

During the period 1985 — 1998 a first European-watest soil survey was carried out (participation
of 31 countries). Two intercalibration exerciseséndeen done within the framework of this survey.
A first Intercalibration exercise, with 22 participating countries, usestahdard soil samples and
aimed at comparing different national analysis rodsh(Van der Velden and Van Orshoven, 1992).
This comparison revealed a high variance betweenrésults obtained by different methods and
established the need for harmonisation of the naetlogies. Therefore aecond Intercalibration
Exercise (Vanmecheled al., 1997), with 26 participating laboratories, using@l samples, was
conducted in 1993, simultaneously with the analgéithe collected soil samples of the Level | plots
Laboratories using national methods were recomnindeanalyse the standard soil samples with
both national and reference methods, in order tvige a basis for comparison. Once more the
existing variance, especially between different hods, asked for the uniform use of reference

methods.

In view of a second European wide soil survey, lmamisation and improvement of the analytical
techniques was indispensable. In order to asserguhlity of the data obtained by soil analysis, th
10" Forest Soil Expert Panel (Warsaw, 2000) decidecbrioceed to athird Intercalibration
Exercise This third ring test (2002-2003) provided insightthe quality of soil analysis results and
thus the quality of the future Forest Soil Databaseevision of the ICP Forests Submanual on
sampling and analysis of soil' (FSCC, 2003) wasirst fstep in this harmonisation process. All
participating countries in the third ring test weegjuested to use the recently proposed reference
methods which are mainly based on ISO-standarde [@boratories improved for the ‘easy’
parameters such as pH, organic carbon and totageit. However, in the analyses of extractable and

exchangeable elements no clear improvements ceullbimonstrated.

At the onset of the EC Forest Focus demonstratiojegt ‘BioSoil’, the FSCC proceeded in 2005
with afourth Interlaboratory Comparison . All analyses in the BioSoil project need to beneldy
laboratories which perform well in the FSCC Intditmation Exercises. The analytical methods
allowed in the fourth interlaboratory comparisorddhe procedure for the statistical analysis were

exactly the same as in th8 Biterlaboratory comparison, allowing to detectgiloi® progress.
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The laboratories gained more experience in theresée methods and used more control charts,
though the general use of these quality control smess was still limited. Compared to th€ 3

Interlaboratory Comparison the coefficients of &tian of all the parameters improved except for the
total nitrogen which was probably due to the vesw Initrogen content of some of the samples.
Problem parameters were (1) the heavy metals agxtr&cted by Aqua Regia, (2) the exchangeable
elements, (3) organic carbon in samples with lowaorc carbon content and (4) the calcium

carbonate determinations.

In 2007 FSCC organised tHifth FSCC Interlaboratory Comparison . This exercise provides more
information on the quality of the laboratory anaysluring the period that most of the laboratcaies
analysing their national BioSoil samples and the tentral laboratory is analysing an important
subset of these samples. New in this ring test thasuse of an on-line registration and data
submission system. The analytical laboratory methard the methods described in the ICP Forests
Manual on Sampling and Analysis of Soil (update®Qihd the statistical procedures are the same as

in the two previous interlaboratory comparisons.
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2 MATERIALS AND METHODS

2.1 Selection of the laboratories

FSCC asked the National Focal Centres (NFC) of Kests to select laboratories for the
interlaboratory comparison. Initially 51 laboragsifrom 29 European countries registered by the 1
of May 2007. 22 of these countries participate lie BioSoil project. The seven other countries
(Bulgaria, Croatia, Russian Federation, SerbiatZganiand and Turkey) participate in the ICP Forests
programme but not in BioSoil. Three laboratorie$ 24, 39 and 76) registered, received the test
samples, but did not further participate in thgriest. These laboratories will not be mentionethén
further discussion. So a total 48 laboratories analysed the soil samples and repéheEr results to
FSCC. Their contact persons and addresses arilisfanex 1.

39 of these laboratories conduct soil analyseténBioSoil demonstration project following the ICP
Forests Manual on Sampling and Analysis of Sadl (FSCC, 2006).

2.2 Sample characterisation

2.2.1 The test samples

Five samples were sent to each of the participatibgratories on the™7of May 2007. This included
4 mineral soil samples (A, B, C and D) and onedofieor sample (E). The samples were taken under
forest conditions in different regions of Europeo(iNay, Belgium, Spain, Germany and Sweden).
0 Sample Ais a loamy sand soil sample coming from the irohdBizon of a Cambic Arenosol
in Norway. This is the same sample as the aqua rexfracted sample G in th& £SCC
Interlaboratory Comparison.
0 Sample Bis the FSCC soil reference sample which is a loagilysample taken from the 20 -
40 cm layer of a mixed Flemish deciduous forestreledunculate oakd(ercus robur) and
beech Fagus sylvatica) dominate. It is a similar sample as sample Bha 4" FSCC
Interlaboratory Comparison, though sampled oveargelr area and after a more profound
homogenisation.
o Sample Cis a Spanish calcium carbonate rich soil samplés taken from the C horizon
between 7 and 29 cm depth.
o Sample Dis a loamy soil sample from Germany. It is takea depth between 40 and 80 cm
in the B horizon of a colluvial brown earth. Thergde has also been analysed in one of the
German ring tests.

o Sample Eis an acid Swedish peat sample.
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Table 1 gives an overview of the properties of five soil samples, based on the results of the
analyses of all participating laboratories in th® BSCC Interlaboratory Comparison, making

abstraction of the outliers.

Table 1: List of measured parameters with per samp@, the mean value and the number of
laboratories (N°) on which the values are based at outliers had been excluded

Sample A B [ D E
Parameter Unit N° Mean N° Mean N° Mean N° Mean N° Mean
Moisture % 35 0.9 39 0.7 39 1.7 39 1.2 38 7.5
Particle size clay % 33 5.2 31 9.6 31 22.6 32 26.0
Particle size sand % 31 84.7 32 45.7 34 43.6 31 37.0
Particle size silt % 34 10.5 33 43.8 31 34.3 30 37.1
pHCaCl2 45 4.2 41 3.8 43 7.3 44 4.0 37 2.8
pHH20 43 4.6 44 4.2 45 7.9 45 4.6 45 4.0
CaCO3 glkg 39 148.4
oC glkg 38 8.0 41 6.7 40 27.9 32 3.8 38 497.4
Total N glkg 39 0.5 42 0.4 37 2.4 43 0.7 42 9.6
Exchangeable Acidity | cmol(+)/kg 32 1.43 29 3.23 8 0.12 32 1.88 26 6.93
Exchangeable Al cmol(+)/kg 38 1.15 36 2.70 14 0.05 38 1.53 34 0.72
Exchangeable Ca cmol(+)/kg 26 0.06 28 0.12 34 17.38 28 0.12 36 4.06
Exchangeable Fe cmol(+)/kg 27 0.02 34 0.11 16 0.01 18 0.01 34 0.21
Exchangeable K cmol(+)/kg 31 0.03 33 0.07 32 0.69 35 0.20 34 0.21
Exchangeable Mg cmol(+)/kg 32 0.03 31 0.05 35 0.87 35 0.12 31 3.11
Exchangeable Mn cmol(+)/kg 35 0.05 35 0.03 19 0.00 37 0.19 33 0.05
Exchangeable Na cmol(+)/kg 17 0.02 24 0.04 22 0.04 23 0.02 26 0.27
Free H cmol(+)/kg 13 0.05 23 0.23 5 0.06 17 0.10 25 5.61
Extractable Al ma/kg 30 14568.0 31 8828.0 28 18281.3 27 25762.7 32 367.5
Extractable Ca ma/kg 31 1699.1 34 350.7 33 76073.9 33 162.3 32 1081.3
Extractable Cd ma/kg 21 0.106 15 0.046 21 0.161 18 0.116 22 0.193
Extractable Cr ma/kg 38 24.6 37 20.7 37 24.1 34 37.2 24 1.4
Extractable Cu mg/kg 37 11.6 37 4.5 34 13.2 35 12.3 30 1.8
Extractable Fe mg/kg 32 21360.7 32 11709.2 33 20966.1 33 29367.1 32 397.8
Extractable Hg mg/kg 12 0.019 14 0.030 11 0.026 12 0.024 10 0.038
Extractable K mg/kg 32 1479.1 35 1581.2 34 4809.4 34 2414.0 32 114.1
Extractable Mg mg/kg 30 3414.3 31 1346.0 36 3028.4 36 4200.7 35 500.1
Extractable Mn mg/kg 38 437.9 37 109.3 37 360.3 34 1106.4 37 17.7
Extractable Na mg/kg 29 92.4 28 51.8 31 141.4 28 113.3 30 94.3
Extractable Ni mg/kg 34 18.7 31 4.9 35 17.3 34 58.7 23 1.1
Extractable P mg/kg 34 688.6 33 101.3 34 428.9 36 279.9 35 182.3
Extractable Pb mg/kg 38 8.0 38 8.0 34 13.3 36 11.5 34 12.5
Extractable S mg/kg 26 91.3 24 77.0 25 418.7 25 131.8 25 1131.4
Extractable Zn mgl/kg 36 60.4 39 19.7 39 37.2 38 97.3 32 21.3
Reactive Al mg/kg 24 2590.0 24 1372.1 25 771.3 24 1725.6 25 229.3
Reactive Fe mgl/kg 25 5637.4 25 2857.9 25 1763.3 24 3781.9 25 305.3
Total Al mg/kg 10 47642.6 8 27010.0 10 42922.7 10 77065.5 9 666.9
Total Ca mg/kg 9 8607.7 8 1430.6 10 76593.8 9 1322.2 6 1073.6
Total Fe mg/kg 10 28129.9 10 13468.2 10 23571.2 10 35844.7 8 443.8
Total K mg/kg 10 15145.5 10 13761.0 10 15974.9 10 26262.5 7 236.0
Total Mg mg/kg 10 6818.8 8 1703.2 10 3785.4 9 6443.4 9 516.9
Total Mn mg/kg 10 629.1 9 145.2 10 396.3 8 1148.0 9 20.0
Total Na mgl/kg 9 11705.3 10 5079.5 7 984.6 8 3303.0 9 147.9

2.2.2 Sample preparation and homogenisation

Samples were dried at 40°C and subsequently siewesl 2 mm sieve. Then the samples have been
homogenised by riffling and divided over 100 subgkas

Prior to sending the soil samples to the laboresorine samples were checked for homogeneity. Of
each of the five samples (A, B, C, D and E), 8 auipdes were randomly selected and analysed for
organic carbon (mineral soil samples by Walkley 8tack and the organic sample by LOI) and the

non-ferro aqua regia extractable elements. Theatian between the subsamples was for most
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samples and parameters not significantly largen tha& variation within the samples and therefore
they were considered to be homogeneous. Tablee? gine variance components for the sample A, C,
D and E. The homogeneity of sample B, which is B8CC reference sample, has been checked
during the preparation of the sample and can bsuttad in the concerning report. The dot plots of

samples A, C, D and E can be consulted in Annex the attached CD rom.

Table 2: Variance components of the homogeneity tiss

Parameter Units [Sample [N°sub- Gen. St.dev. St.dev. General CcV % % variation
samples | mean withinsub-  between St.dev. variation  within sub-
samples sub- between samples
samples sub-
samples

Walkley&Black OM |% A 8 1.19 0.04 0.05 0.06 5.11 62 38 >
Walkley&Black OM  |% © 8 4.61 0.30 0.00 0.30 6.59 0 100 OK
Walkley&Black OM  |% D 8 0.62 0.02 0.00 0.02 3.06 1 99 OK
Loss-On-Ignition % E 7 99.03 0.02 0.00 0.02 0.02 8 92 OK
Extractable As ppm A 8 4.70 0.34 0.00 0.34 7.25 0 100 OK
Extractable As ppm © 7 13.03 1.85 0.00 1.85 14.18 0 100 OK
Extractable As ppm D 8 11.94 1.17 048 1.26 10.56 14 86 OK
Extractable Ca ppm A 8 2426.27  562.40 429.52 707.66 29.17 37 63 OK
Extractable Ca ppm © 7 74438.48 3967.47 0.00 3967.47 5.33 0 100 OK
Extractable Ca ppm D 7 108.29 38.33 8.15 39.19 36.19 4 96 OK
Extractable Ca ppm E 8 1038.16 31.61 20.94 37.92 3.65 31 69 OK
Extractable K ppm A 8 2382.54  558.59 418.69 698.09 29.30 36 64 OK
Extractable K ppm © 7 8146.37  1296.75 0.00 1296.75  15.92 0 100 OK
Extractable K ppm D 7 5868.12  1388.12 1048.97 1739.89  29.65 36 64 OK
Extractable K ppm E 8 135.83 8.27 466 9.49 6.99 24 76 OK
Extractable Mg ppm A 8 3131.85  191.41 126.07 229.20 7.32 30 70 OK
Extractable Mg ppm © 7 2882.77  204.70 42.46 209.05 7.25 4 96 OK
Extractable Mg ppm D 7 4159.14  221.50 37.15 22459 5.40 3 97 OK
Extractable Mg ppm E 8 468.58 11.84 745 13.99 2.99 28 72 OK
Extractable Mn ppm A 8 548.25 272.76 0.00 27276 49.75 0 100 OK
Extractable Mn ppm © 7 396.00 53.28 0.00 53.28 13.45 0 100 OK
Extractable Mn ppm D 8 980.85 143.68 200.75 246.87 25.17 66 34 >
Extractable Mn ppm E 8 20.28 0.71 011 0.72 3.55 2 98 OK
Extractable Na ppm A 8 78.47 16.05 17.03 2341 29.83 53 47 >
Extractable Na ppm © 7 197.61 50.10 2291 55.09 27.88 17 83 OK
Extractable Na ppm D 7 268.87 60.92 82.13 102.26 38.03 65 35 >
Extractable Na ppm E 8 87.79 5.35 6.83 8.68 9.89 62 38 >
Extractable P ppm A 8 706.77 39.54 0.00 39.54 5.59 0 100 OK
Extractable P ppm © 7 446.67 40.69 8.06 41.48 9.29 4 96 OK
Extractable P ppm D 8 283.67 13.56 742 15.46 5.45 23 7 OK
Extractable P ppm E 8 200.05 5.76 1.59 5.98 2.99 7 93 OK
Extractable S ppm A 8 106.15 9.29 0.00 9.29 8.75 0 100 OK
Extractable S ppm © 7 498.39 51.07 23.05 56.03 11.24 17 83 OK
Extractable S ppm D 8 181.20 10.73 27.80 29.80 16.44 87 13 >
Extractable S ppm E 8 1294.23 38.42 25.41 46.07 3.56 30 70 OK

For a few parameters on some samples, the varid@ween the samples was larger than the
variation within the samples (indicated in boldlidan Table 2). The imbalance was never that
striking to assume that this is really due to titeerent difference between the subsamples. It risay a
be due to lab errors or contamination. For exangdacerning Na, very high coefficients of variation
were found, indicating the limited ability of thabloratory to reproduce neatly its results. Fortauip
there was indeed a significant difference between dubsamples of sample D which can be due to

sample heterogeneity.
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During the execution period of the interlaboratagmparison, the central laboratory offered their
services to conduct additional homogeneity testseyTreceived of each of the 5 samples, 5
subsamples which were analysed in triplicate fopatameters. These results will be included in an

additional report.

2.2.3 Distribution of samples and submission of results

Samples were sent to the participating laboratosieshe ¥ of May 2007. The data submission
deadline was the®1of September 2007. Several laboratories sent smmection after the deadline
which were all included in the database till th& &8 September 2007.

2.3 Solil Analytical Methods

2.3.1 Guidelines for sample analysis

Laboratories were requested to use the methodssasilded in the revised ‘ICP Forests Submanual on
Sampling and Analysis of Soil' (FSCC, update 200%).seen from Table 3, all these methods are
based on the ISO-standards. In contrast to thequegvunterlaboratory comparison, the analysis of
total elements was again included in this comparistowever, these parameters are of no immediate
relevance for the BioSoil project (where total edeits are only optional parameters on Level Il plots
Though, many laboratories analysed only a limittdo$ parameters, while in the BioSoil project they
should analyse all mandatory and optional parametarall Level | plots following the reference

methods (see also Table 5).

Table 3: Methods recommended by the manual on sahmpling and analysis

Analysis Reference Description
Method
Particle Size Distribution 1ISO 11277 Pipette method
Soil pH 1ISO 10390 Potentiometric pH (volumetric)
Carbonate Content 1ISO 10693 Calcimeter
Organic Carbon Content 1ISO 10694 Total Organic Carbon by dry combustion
Total Nitrogen Content ISO 13878 Elemental analysis by dry combustion
1ISO 11261 Modified Kjeldahl method
Exchangeable Acidity and Free H" Acidity ISO 14254 Titration or German method
Exchangeable Cations 1ISO 11260 Extraction by 0.1 M BaCl, , single extraction
Aqua Regia Extractant Determinations 1ISO 11466 Extraction by Aqua Regia
Reactive Fe and Al ISRIC 1992 Extraction by Acid Oxalate
1ISO 14869 Dissolution with hydrofluoric and perchloric
acids
Total Elements 1ISO 14869 Total element analysis by fusion with lithium
metaborate

Although the use of the reference methods is manglaturing the BioSoil soil survey, not all the
laboratories used these reference methods foymbktof analyses. After thd #SCC Interlaboratory
Comparison, a coding system was suggested. SeexAnrgis system was for the first time used in

this 8" FSCC Interlaboratory Comparison. Though, severablpms were met and reported by the
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laboratories.

2.3.1.1 Sieving and milling

The first code asked for the method of sieving iauilting (see Annex 2, Table 2.1). Many laboratories
answered that they did not have the informationhensieving and milling because the samples were
already prepared by FSCC. On the other hand, FSE&ly informed the laboratories that the
samples were sieved at 2 mm and not further milledhce for certain parameters (e.g. total
determinations), further milling is required acdagdto the reference manual, it should have been
indicated in the ‘sieving and milling’ field in caghe participating laboratory did further mill the
sample. A second problem was that the method doemdist of the on-line data submission system
contained both the field ‘reference method’ andeddfdescribing this method. For example, the
reference method for the analysis of total elemasked for the milling of the sample. So it was not
clear whether the laboratory should have indicatet! for reference method or a ‘2’ for milling the

sample.

2.3.1.2 Removal of compounds

This step is mainly of importance for the textunalgsis (see Annex 2, Table 2.2). According to the
reference method (ISO 11277) as described in theulslathe analysis is done on samples where the
cementing agents such as organic matter, solulitessal carbonates are removed. The difficulty with
describing the method for 5 samples at the same, tigrthat the procedure might be different for the
different samples. For example, only sample C dnatha significant amount of CaG@more than

2% mass fraction), with a pH(CafLk 6.0. Also the drop down system — as it is atrtioment- does
not allow for multiple selection e.g. combinatiohremoval of organic carbon, the soluble salts, the

gypsum and the carbonates (which was the caseringad).

2.3.1.3 Pretreatment
See Annex 2, Table 2.3.

2.3.1.4 Determination

See Table 2.4 in Annex 2.

2.3.2 Questionnaire

There was no separate questionnaire. The on-lgistration and data submission system does allow
so far only the data submission of the laboratagults and information concerning the used

methodology.
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2.4 Statistical data analysis

2.4.1 General characteristics of data analysis methodolgg

The statistical data analysis was based on thenatienal standard 1ISO 5725-2 ‘Accuracy (trueness
and precision) of measurement methods and resufiart-2: Basic method for determination of
repeatability and reproducibility of a standard sweament method’ (ISO, 1994c). Data analysis was
done by means of the statistical software packagei$7.0 Professional (2005).

This transparent and easily to interpret proceddds some specific items to the classical procedure

1. The interpretation of statistics has been fatéd by graphs integrating multiple statistical
parameters.

2. The procedure igerative. The presence of very deviant outliers can didtetview of the whole
distribution. Multiple outliers can mask each othby eliminating outliers, new outliers and
stragglers may pop up. After outliers are elimidatbe statistical analysis is repeated to study th
distributions in order to trace ‘new’ outliers dragyglers. This iterative procedure will continue
until no new outliers are found or in this ringttegp to a maximum of seven iterations in this
interlaboratory comparison.

3. The procedure allows the comparison of diffesentrces of variance:

sRepf=sLalf + sRep

where sRepr estimation of theeproducibility variance
sLalf estimation of thédetween-laboratory variance

sRep estimation of theepeatability (within-laboratory) variance

The reproducibility (Repr) is a measure of agredniEiween the results obtained with the same
method or identical test or reference material urdiferent conditions (execution by different
persons, in different laboratories, with differeguipment and at different times). The repeatabilit
(Rep) is a measure of agreement between resulégnelt with the same method under the same
conditions (job done by one person, in the sameré&bry, with the same equipment, at the same time
or with only a short time interval). The betweebdeatory variance is a measure of agreement
between the results obtained with the same methadeatical test or reference material in different

laboratories.
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2.4.2 Treatment of reported zero’s, detection limits andmissing values

“Zero” values: Many laboratories reported “zero’s”. The chancd thase “zero’s” are real zero's is

very small. A real zermeans that the analysed element is not presahtisoil sample. This is not

easy to detect because each method has its owtifapaion limit below which the measurement can
not be quantified in a reliable way.

A zero value could be accepted for the Ca€antent in samples A, B, D and E since these sssnpl
had a very low pH(Cag@)l

“Values below quantification limit": Laboratories have been asked to indicate when the

concentration of a certain parameter was belowirtiie of quantification (LOQ) and to report in such

a situation the quantification limit. However, thigle was not always consistently applied by all
laboratories. To guarantee consistency throughmutiataset, FSCC did not include the values below
the LOQ in the statistical data analysis. So wiamnaf certain laboratory, no statistical evaluati®n
available for a certain parameter, either the latmwy did not report that parameter, either therul
values were below their LOQ.

“Missing values”: Parameters which where not analysed by a certhordsory have been removed

from the dataset for the statistical analysis.

All analyses had to be analysed in triplicate. Hesvesome laboratories tried to report certain
parameters by only one or two replicates by repgatiie same value for the second and/or third
observation. These duplicated values have beenvemmérom the dataset (as far as FSCC was
informed on this practise). When only one replicat@s reported, this observation could not be
included in the final evaluation of the inter- amiralaboratory variability for statistical reasons

When two observations have been reported, the paeawas included in the statistical analysis.

2.4.3 Coefficients of variation (CV)

Based on the general mean (Mgen) and the reprdtiycibariance (sRepr), the coefficient of
variation could be calculated. This parameter al@awrough comparison with previous ring tests. The

coefficient of variation is defined as:

cv =7 x100= SREP" 4 100
7 Mgen
Where c= General standard deviation (estimated by thesRehe Mandels h/k plot)
Q= General mean (estimated by the Mgen in theddisnh/k plot)

The CV provides an idea of the average deviatiomfcertain parameter. As the CV is standardised, i
is possible to compare the CV's of the differentapaeters, and rank the analysed parameters
according to their CV.

The CV is thus calculateolased on the cleaned datasetfter outliers have been removed. This CV
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includes both the within — and between laboratayiability which explains why the CV’s in the
FSCC Interlaboratory Comparisons are higher contpacering tests where only the between-

laboratory variability is evaluated.

2.5 Research objectives

The aim of the statistical analysis is to investghree research questions:
1. Which laboratories are performing well and whiclogg? These questions will be answered
according to the between-laboratory variance (MBsd® and according to the within-
laboratory variance (Mandel’s k).

2. Since the laboratories were assumed to reporttsesbtained under repeatability conditipns

it is expected that the variance within the labmias (sRef) will be smaller than the variance

between de laboratories (slZam the equation:

sRepf=sLalf + sRep Where : sRep< sLab

In other words, we would expect that laboratoridtlve rather discarded from the laboratory
population — and the calculation of the mean anddsird deviation - based on the between-
laboratory variance and not on the within-labonat@riance.

3. The results of those laboratories that partteghain the previous FSCC Interlaboratory
Comparison, will be compared for th& 4nd 8" FSCC ring test, based on the results of

sample B.



5™ FSCC Interlaboratory Comparison 2007 19

3 RESULTS

3.1 Participation

Table 4 provides an overview of the registeredarticipating laboratories of each country.

Table 4: List of participating countries

Country Registered | Results | Country Registered | Results
Austria 1 1 Latvia 1 1
Belgium 2 2 Lithuania 1 1
Bulgaria 1 1 Poland 1 1
Croatia 1 1 Portugal (including Azores) 2 2
Cyprus 1 1 Romania 1 1
Czech Republic 1 1 Russia 3 2
Denmark 1 1 Serbia 1 1
Estonia 2 2 Slovak Republic 1 1
Finland 2 2 Slovenia 1 1
France 1 1 Spain 2 2
Germany 14 13 Sweden 1 1
Greece 1 0 Switzerland 1 1
Hungary 2 2 Turkey 2 2
Ireland 1 1 United Kingdom 1 1
Italy 1 1 Total 51 48

3.2 Statistical data analysis

The data analysis using S-plus produced for eadmpter (each analysed element) and each sample
(A, B, C, D and E) a total of 7 figures: one dotpid all reported values, one histogram and one
boxplot of the mean of the three reported value® bistogram and one boxplot of the standard
deviations, and one Mandel’'s h and one Mandel'tok Bl these graphs are provided in Annex 5 in
PPT- presentations and in PDF-files on the atta¢tiedRom, and are arranged per parameter group.

Below the case of ‘Exchangeable Mg’ in sample €hiswn as an example.

3.2.1 Exploratory Data Analysis

The objective of the exploratory data analysis wm&xplore’ the observations. It allows a visual
evaluation of the data and gives an indication ofsible outliers. However, based on these
exploratory analysis, no observations nor laboiasohave actually been excluded from further
analysis.

Two sources of variance are investigated:_the Hafeoratory variancébetween-laboratory variance)

and the_intra-laboratory variandeithin-laboratory variance). Figure 1 and Fig@rerepresent the
inter-laboratory variance. They indicate the positiof each laboratory in the population of all

laboratories. Figure 3 and Figure 4 represent thedsrd deviations of each laboratory. They yield
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information on the within-laboratory variance. Figu. and 3 are histograms, while Figure 2 and 4 are
box-plots. The histograms provide a first roughreiew of the distribution of all data reported f@r

certain parameter and sample. The information aoedawithin the histograms:

* Visual outliers that are very deviant (parametéueand lab N° between parentheses)

* Relative frequencies in each class (in %)

* Density curve (smoothed trend-line)

¢ N: Number of observations in the histogram

« NA: Not Applicable

e Z: Number of reported zero’s (see above)

 E: Number of excluded observations (very deviantflierg) from the presentation in the
histogram; separately mentioned for upper and Idimg@ts of distribution. The first number
refers to the left side of the diagram, the seaumdber to the right side of the histogram.

* U: Number of used observations in the calculatmis, m and s

e a:average value of the U observations

* m: median value of the U observations

* s: standard deviation of the U observations
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Figure 1. Histogram showing relative percentages and a resaal density curve of the_mearof 3
replicates of the measured parameter ‘Exchangeablg’ in Sample C. The units of the X-axis are
in cmol(+)/kg soil.
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Figure 2: Box plot of the meanvalues reported for sample C for the parameter ‘Eghangeable
Mg’. The units of the X-axis are in cmol(+)/kg soil.



5™ FSCC Interlaboratory Comparison 2007 21

The information in the box plot starts from the ada&t after the first rough cleaning done in the
histograms where the very deviant visual outliemveh been excluded. In this example of
exchangeable Mg in sample C, it means that labgrdtid 77 is not included in the boxplot. The
boxplot provides following information:

* Visual outliers (parameter value and lab N° betweamentheses). These are placed in the top
left and top right corner of the figure. On thehtigide of the figure ‘O’ indicates the number
of outliers excluded from the box plot, respectjveh the lower and the higher range of the
box-plot. So in this example, three outlying lalassén been identified in the box plot on the
lower range: Labs N° 10, 64 and 85.

* Percentiles Q1 (25%), Q2 (50% or median) and Q36(75

* U: Number of observations in the box-plot where UEM the histograms.

Laboratories whose observations correspond to theéian value, are put between brackets “< >,

observations between Q1 and Q2 are between “<&batween Q2 and Q3 “> >".

0.1657(85); 8.35(77)
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5
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Figure 3: Histogram showing relative percentages aha rescaled density curve of the standard
deviation based on 3 replicates of the measured parameterxBhangeable Mg'on Sample C.The
units of the X-axis are in cmol(+)/kg soil.
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Figure 4: Box plot of the standard deviations for ample C for the parameter ‘Exchangeable
Mg’. The units of the X-axis are in cmol(+)/kg soil.

Both histograms and box plots are based on therdditsans after the ‘very deviant’ outliers have hee
excluded. ‘Very deviant’ outliers are located maohen 3.5 times beyond the inter-quartile range

(IQR). The IQR is defined as the distance from @Q©O8. The criterion to exclude observations is thus
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stronger then the criterion for ‘visual’ outliers sepresented in the box-plot (Whiskers are plated
1.5 * IQR). It is possible that whiskers are placgda closer distance than 1.5 * IQR from the box-
plot, in case there are no observations outsidé .th& IQR.

From the text on the right side of Figure 1, carobserved that the histogram is based on resolts fr
N=39 laboratories. None of the reported values, wa¥'§Z: 0). One laboratory (laboratory N° 77) is
excluded from the histogram, so the result¥)ef38 laboratories are used. Laboratory N°77 reported
extremely high exchangeable Mg content (107.55 ¢nwdg). The average reported exchangeable
Mg content of sample C ia: 3.576cmol(+)/kgthe median exchangeable Mg conteninis0.8733
cmol(+)/kg and standardeviation s: 17.07cmol(+)/kg. In order to allow calculations of asge,
standard deviation and the Mandel’'s h and k siegistiata are supposed to have a normal distritutio
The shape of the density curve (dotted line) sholkatefore approach the symmetrical shape of a
normal distribution.

Figure 2 shows that the laboratories N° 55, 45,a48 6 reported the median value of 0.8733
cmol(+)/kg soil. Laboratories N° 58, 30, 13, 23, 36 and 7 reported values between the first daarti
(Q1) and the median; laboratories N° 14, 32, 31, 8%,82 and 59 reported values between the
median and the third quartil®8). Laboratories N° 34, 68, 3, 54, 36, 67 and 7briegl values below
the first quartile Q1) and laboratories N° 60, 63, 8, 26, 12, 21, 81,138and 83 reported values
above the third quartileQ@). The laboratories outside the 1.5 * IQR whisken® given with their
laboratory number and average value above the lmbxLaboratories N° 10, 64 and 85 reported very

low Mg contents of 0.09, 0.56 and 0.57 respectively

Based on the histogram of the means (Figure 1) exeldvexpect that laboratories N°77 will be an
outlier in the in-depth statistical analysis foe thetween laboratory variability. Based on the plmt

which is more severe (Figure 2), we see that alsorhtories N° 10, 64 and 85 have doubtful results.

Based on the histogram of the standard deviatiBigai{e 3) we expect that laboratories N° 85 and 77
will be outliers for the within-laboratory varialijf and based on the more severe box plots, we see
that also the within-laboratory variability of thebs N° 30, 14, 82, 81 and 21 is relatively high.

A laboratory can also check its performance companethe other laboratories by studying the dot
plots (Figure 5). Every dot represents a reportdesof a specific parameter. The shape of the dot
plot follows the sigmoid curve shape of a normatritbution. Laboratories are plotted on the Y-axis,
arranged according to the magnitude of the reparaites. One laboratory (N°77) reported extremely
deviant results for the exchangeable Magnesiumecomf sample C. The values are given at the top
of the graph Laboratory N° 77 reported 99.1, 1G6h8 115.8 cmol(+)/kg soil. Values reported by
other laboratories can be read on the X-axis. 81 #e reported values are located between 0.72and

cmol(+)/kg soil. Again is seen that laboratories03 64, 85 and 77 tend to be outliers.
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Figure 5: Dot plot of reported values for each labmatory, cumulatively ordered

This figure also tells something about the intermatiance within one laboratory. For example,
laboratories N° 85 and 71 reported three very difieresults — represented by 3 dots widely sepdrat
from each other — whereas laboratory N° 26 repadBtegry similar results — represented by 3 dots
very close to each other. For laboratory N° 58 & @nly one dot, which probably are 3 dots on top
of each other. We expect that laboratory N° 85 &havill have a poor within-laboratory repeatability

whereas laboratory N° 26 and 58 will have a verydhwithin-laboratory repeatability.

For layout reasons, the dots of laboratory N° 7Vehaot been plotted. Their values are so deviant
from the median value that showing these dots waolahpletely disturb the figure. Therefore the

reported values of laboratory n° 77 have been shsaparately on top of the figure.

3.2.2 In-depth statistical data analysis: Mandel's h andVlandel’ k statistics

Figure 6 and 7 present an example of Mandel's hkestdtistics for the parameter ‘Exchangeable Mg’
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of the test sample C. The Mandel’s h statistics ttess between-laboratory variance. The Mandel's k
statistic is a measure for the within-laboratoryiasace. The information contained within the two
figures is:

« Step x: lteration number of runs; varies in thiserfaboratory comparison from 1 till

maximum 7

* Nlab: Number of laboratories after elimination otlgers

* Mgen: General mean after outliers have been exdlude

* Fval: tests whether interlaboratory variaece:0, F test for laboratory effect

 Pval: tests whether interlaboratory variancgt0, p value of the F test

« sRep: estimation of repeatability variance

« slLabf: estimation of the between-laboratory variance

« sRepf: estimation of the reproducibility variance

» CV: coefficient of variation¢/n)*100 = sRepr/Mgen*100

» Excluded laboratories: excluded observations thatstatistical outliers, mentioning whether
it was based on the h or k statistic:

* “h (H) + Laboratory N°": laboratory has been exaddased on the Mandel’s h statistics

* ‘“k (K) + Laboratory N°”: laboratory which has be&xcluded based on the Mandel's k
statistics

E: Excluded observations, mentioning whether it based on the h or k statistics

6 - Exchangpeable Mg - Sample C
Step:4; Nlab:35; Mgen:0.8727; Fval:81.8; Pval:0; sRep:0.02076; sLab:0.1077; sRpr:0.1097; CV:12.57
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Figure 6: Mandel’s h statistic for sample C for theparameter ‘Exchangeable Mg’
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Figure 7: Mandel’s k statistics for sample C for tle parameter ‘Exchangeable Mg’

On both the Mandel's h and k plots, 4 critical llevare indicated. When the critical level is exazed

the H-null hypothesis “no difference between themealues” will be rejected.

(1) Critical value where Bwill be rejected at probability level of 95%

(2) Critical value where Kwill be rejected at probability level of 99%

(3) Critical value where K will be rejected at probability level of 95% aftapplication of the
Bonferroni rule.

(4) Critical value where K will be rejected at probability level of 99% aftapplication of the
Bonferroni rule.

Statistical outliersire the observations of which the Mandel's h stdtistic exceeds the critical value

at probability level of 99% after application ofettBonferroni rule. Statistical stragglease the
observations of which the h or k-statistic areatitd between the critical values of probabilityele®5
and 99% after application of the Bonferroni-rulégufes 6 and 7 form the core of the statistical
analysis and contain all necessary information.yTimually confirm the expectations after studying
Figures 1 till 5.

The Mandel’s h statistic of laboratory N° 64 is |dwit does not reach critical limit N° (3) (Figuse
Together with laboratories N° 10 and 85 it forms thil of the distribution on the lower range (Figu
2). Laboratories N° 77 and 10 have been excludad the statistical analysis based on the Mandel's
h and laboratories N° 77, 85 and 71 based on thed®a k statistics (see lower right corner of Fegu

6 ‘E). In the exploratory study, Lab N° 77 was werdeed excluded from the histogram of the menas
in Figure 1 and Lab N° 77 and 85 from the histogdnthe standard deviations in Figure 3. Lab N°
10 was identified in the box plot of the means. INfb71 (with standard deviation = 0.09504) was
included in the histogram (Lab explaining 2.9%lwd distribution in the right bar) in the box plattb
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excluded from the box plot.

From Figure 7 is seen that laboratory N° 21 carcdmesidered a straggler because the Mandel’'s k
value is located between the critical value of #&6 and 99% confidence limits. This was already
expected by studying Figures 4 and 5, where thepbaixof the standard deviations and the dotplot

was given. Observed stragglers are indicated origheside of the figure behind the symbol ‘S’.

Remarks:

1. In this example, no vertical ‘line’ is seen in tMandel's k plot for laboratory N° 58. This is
because the calculated k values is close or equél't Lab N° 58 reported three identical values.
The limit becomes a dot which can disappear imptivged version of the output.

2. Laboratories are excluded through an iterative gutace. A laboratory can, for example, be
excluded based on the k statistic in the first.shephat case, it cannot be excluded any moranin a
subsequent step if it would have been an outlierttie h statistic in a subsequent step after a
number of laboratories have been removed and thalgtion composition was altered. A check
has been included in the procedure where the esdllaboratory is compared with the laboratories
left in the population, in this case, for the htistec. If the laboratory appears to be an outiar
the h statistics as well, it receives a ‘h’ (in gidd to the ‘k’) in front of its lab number. A sitar
procedure is applied when a laboratory is exclugeskd on the h statistic and checked for the k
statistics in a later step (a ‘k’ in front of the+ lab number’).

3. Sometimes it happens that, when performing thelcimesubsequent steps, a laboratory which was
an outlier before, suddenly is not an outlier argyren This is possible when many laboratories have
been excluded from the population and confidemogdihave become wider till the original outlier
falls again within the normal population. In thaise, the original exclusion is restored, indicated
on the right side of the Figures showing the Masdhl statistics, by the laboratory number,

followed by a small 'k’ or ‘h’.

3.2.3 Laboratory performance based on the number of outkrs

The Mandel's h and k plots in Annex 5 visualise tiezurrence of outliers and stragglers. The
Mandel's h statistics inform about the performarufethe laboratory compared to the whole
population of laboratories. The Mandel's k statistprovides information on the within-laboratory
variance. When a laboratory is excluded from therhk statistics (defined as an outlier), it is
considered as an indicator of poor quality of thhbratory.

Table 5 summarizes the Mandel's h and k plots givennex 5. For each laboratory and each
analysed parameters a score has been given bas#uk dinequency that a laboratory has been
excluded:

(+++): No outlier has been defined for the reported sasppleither for inter - nor intralaboratory
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variability

(++): Less than or equal to 20% outliers have hdentified, either for inter - or for intralaborayo
variability

(+): Between 20 and 40% (40% included) outliersehlagen identified, either for inter - or for
intralaboratory variability

(-): Between 40 and 60% (60% included) outliersehbeen identified, either for inter - or for
intralaboratory variability

(--): Between 60 and 80% (80% included) outliergehaeen identified, either for inter - or for
intralaboratory variability

(--): Between 80 and 100% (100% included) outlizage been identified, either for inter - or for
intralaboratory variability

Empty cell = not analysed or the measured values tvelow LOQ

Note that in this table the intra — and interlabanavariability receive equal weights. So a lathora
that has completely deviant results for the mearthefother laboratories but is relatively good in

reproducing its own results can still fall in the @l 60% category and receive a (-) evaluation.

Based on the information in this table, the probjmmameters for each individual laboratory can be
identified. FSCC recommends to consult the moraildet graphs in Annex 5 to study the problem
parameters more into detail. In Annex 5 for eaahnpa the reported values are visualized and can

easily be compared with the bulk of the data. Tétaitkd statistical output is given in Annex 4.

Most of the laboratories measured a whole set ofrpaters. So it is interesting to study the
frequencies of the exclusion of a laboratory penga and separately for the between (based on the
Mandel’s h statistics) and within-laboratory vaiidyp (based on the Mandel’s k statistics). FiguBes

till 17 compare the performance of the 48 laboragshowing the absolute number of outliers. From
the figures, we see that the absolute number diectitbased on the within-laboratory variability is
larger than the absolute number of outliers basethe between-laboratory variability. This means

that the evaluation in Table 5 is dominated bywithin-laboratory variability.

Table 5 can then be compared with the evaluatiobie t@f the 4 FSCC Interlaboratory Comparison in
2005 for those laboratories that participated ithlmmmparison exercises. Laboratories N° 77 till 84
participated for the first time in the FSCC Intbdaatory Comparisons. So three of the poor
performing laboratories (Lab N° 77, 81 and 82) mtd participate in previous FSCC ring tests.
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Table 5: Scoring of the laboratories for each indilddual element
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Table 5 (continued): Scoring of the laboratories foeach individual element
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Figure 8: Sample A — Absolute N° of outliers (01)\N° of stragglers (05) and N° of tail values (t5
and tl1) per laboratory for the between-laboratory \ariability. Laboratories that are not
mentioned in this graph did not have any outlier, saggler or tail value.
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Figure 9: Sample A — Absolute N° of outliers (01)N° of stragglers (05) and N° of tail values (t5
and t1)per laboratory for the within-laboratory var iability. Laboratories that are not mentioned
in this graph did not have any outlier, straggler o tail value.
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Figure 10: Sample B — Absolute N° of outliers (01N° of stragglers (05) and N° of tail values (t5
and tl1) per laboratory for the between-laboratory \ariability. Laboratories that are not
mentioned in this graph did not have any outlier, saggler or tail value.
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Figure 11: Sample B — Absolute N° of outliers (01N° of stragglers (05) and N° of tail values (t5
and tl) per laboratory for the within-laboratory variability. Laboratories that are not
mentioned in this graph did not have any outlier, saggler or tail value.
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Figure 12: Sample C — Absolute N° of outliers (01)\\° of stragglers (05) and N° of tail values (t5
and tl1) per laboratory for the between-laboratory \ariability. Laboratories that are not

mentioned in this graph did not have any outlier, saggler or tail value.
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Figure 13: Sample C — Absolute N° of outliers (01)\° of stragglers (05) and N° of tail values (t5
and tl) per laboratory for the within-laboratory variability. Laboratories that are not

mentioned in this graph did not have any outlier, saggler or tail value.
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Figure 14: Sample D — Absolute N° of outliers (01)\\° of stragglers (05) and N° of tail values (t5

and tl1) per laboratory for the between-laboratory \ariability. Laboratories that are not

mentioned in this graph did not have any outlier, saggler or tail value.

Figure 15: Sample D — Absolute N° of outliers (01° of stragglers (05) and N° of tail values (t5
and t1) per laboratory for the within-laboratory variability. Laboratories that are not

mentioned in this graph did not have any outlier, gsaggler or tail value.
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Figure 16: Sample E — Absolute N° of outliers (01N° of stragglers (05) and N° of tail values (t5

and tl1) per laboratory for the between-laboratory \ariability. Laboratories that are not

mentioned in this graph did not have any outlier, saggler or tail value.
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Figure 17: Sample E — Absolute N° of outliers (01N° of stragglers (05) and N° of tail values (t5
and tl) per laboratory for the within-laboratory variability. Laboratories that are not

mentioned in this graph did not have any outlier, saggler or tail value.



5™ FSCC Interlaboratory Comparison 2007 35

3.2.4 ‘Percentage of outliers and stragglers’ as a measaiof laboratory performance

In order not to discriminate between laboratoridsciv reported many parameters and laboratories
which reported only a limited number of parametgris, interesting to study the percentage of euli
versus the total number of evaluated parameteesadf laboratory. Table 6 gives an overview of the
total number of evaluated parameters per laboratodyper sample. A parameter was evaluated when
at least two replicates were reported above th& inquantification. The O values have not been

included.

Table 6: N° evaluated parameters per sample by thedividual laboratories

sample sample

Lab.ID A B C D E Lab.ID A B C D E
3 40 41 37 40 38 48 41 41 38 40 36
6 29 30 30 29 28 53 10 10 11 10 6
7 40 40 40 40 37 54 28 29 27 28 29
8 32 32 28 31 30 55 33 33 33 33 30
10 33 34 33 33 30 56 27 30 26 29 16
11 33 32 30 32 28 58 12 12 9 11 9
12 20 21 21 21 21 59 31 32 28 31 26
13 38 37 37 38 38 60 27 27 27 27 25
14 40 42 38 41 35 61 26 26 27 26 23
18 11 11 11 11 11 62 7 7 8 7 7
21 17 17 14 17 14 63 32 32 30 32 28
23 27 27 27 27 21 64 34 33 34 34 29
26 34 34 34 34 31 67 34 34 35 34 31
30 36 36 36 36 37 68 30 30 28 30 31
31 34 34 32 33 32 69 23 23 24 23 20
32 41 40 38 41 37 71 22 22 19 22 18
34 33 33 32 32 29 77 22 22 22 22 22
35 24 25 24 26 25 79 8 8 9 8 4
36 36 39 39 37 35 80 3 3 3 3
37 29 30 27 29 20 81 31 31 32 31 19
38 13 13 12 13 10 82 34 34 35 34 24
40 41 41 41 41 38 83 24 23 24 24 22
42 19 20 13 19 19 84 37 37 37 38 36
45 25 26 23 25 26 85 20 23 22 23 20

Most laboratories reported more parameters compaoedhe previous FSCC Interlaboratory
Comparison (except for Labs N° 12, 18, 58, 61, G2 @9).

The percentage of outliers and stragglers was leaézlirelative to the number of reported parameters
(excluding the moisture content). Figures 18 togR& nearly the same information as the previous
figures but now expressed as a percentage of thientamber of reported parameters.

As was suggested by FSCC at thd" ESEPM and as is also applied within the Needld/Lea
Interlaboratory Comparsions (Furst, 2006), we dateghat laboratories which have more than 20 %
of their results outside the acceptable limits ljetd (01) + stragglers (05)], clearly have QA/QC

problems and need follow-up.
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Figure 18: Sample A — Percentage of outliers (ol)nd stragglers (05) per laboratory for the

between-laboratory variability (Mandel's h in red) and within-laboratory variability (Mandel’s
k in blue).
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Figure 19: Sample B — Percentage of outliers (o1)nd stragglers (05) per laboratory for the

between-laboratory variability (Mandel's h in red) and within-laboratory variability (Mandel’s
k in blue).
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Figure 20: Sample C — Percentage of outliers (ol)hnd stragglers (05) per laboratory for the
between-laboratory variability (Mandel’s h in red) and within-laboratory variability (Mandel's
K in blue).
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Figure 21: Sample D — Percentage of outliers (ol)nd stragglers (05) per laboratory for the
between-laboratory variability (Mandel's h in red) and within-laboratory variability (Mandel’s
k in blue).
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Figure 22: Sample E — Percentage of outliers (ol)nd stragglers (05) per laboratory for the
between-laboratory variability (Mandel’s h in red) and within-laboratory variability (Mandel's
Kk in blue).

ConcerningSample A 13 laboratories (Labs N° 12, 35, 38, 42, 55,685,62, 64, 77, 81, 82 and 84)
exceed the critical limit of 20 % outliers and ggkers. Laboratory N° 38, 56, 62, 77, 81 and 82
exceed the limit both for the within — and betwésmeratory variability. Lab N° 35, 42, 55, 60 antl 8
have been excluded based on their within-laboratamyability. Lab N° 12 and 64 based on their
between-laboratory variability.

For Sample B 9 laboratories (Labs N° 12, 42, 56, 62, 64, 71,81, 82 and 85) exceed the critical
limit of 20% outliers and stragglers. Labs N° 18, 62, 77 and 82 exceed the limit both for the inith
— and between-laboratory variability. Lab N° 42,afid 85 only for the within-laboratory variability
and Lab N° 64 and 81 only for the between-laboyatariability.

For Sample G 10 laboratories (Labs N° 12, 55, 56, 62, 64,77,,81, 82 and 85) exceed the critical
limit of 20% outliers and stragglers. Labs N° 62,ahd 82 exceed the limit both for the within — and
between-laboratory variability. Lab N° 55, 56, G4,and 85 only for the within-laboratory variakilit
and Lab N° 12 and 81 only for the between-laboyatariability.

For Sample DO 14 laboratories (Labs N° 12, 35, 38, 42, 55, @B, 62, 63, 71, 77, 81, 82 and 85)
exceed the critical limit of 20% outliers and stykegs. Labs N° 55, 62, 77 and 82 exceeds the limit
both for the within — and between-laboratory vaitigh Labs N° 35, 42, 56, 60, 63, 71 and 85 only
for the within-laboratory variability and Labs N2,138 and 81 only for the between-laboratory
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variability.

For Sample E 12 laboratories (Labs N° 12, 32, 42, 48, 62,88,71, 77, 81, 82 and 85) exceed the
critical limit of 20% outliers and stragglers. LaNS 12, 62, 77 and 82 exceed the limit both for the
within — and between-laboratory variability. Lab B2, 42, 48, 63, 64 and 71 only for the within-
laboratory variability and Lab N° 81 only for thettwveen-laboratory variability.

The above figures identify 18 poorly performingdadtories that reported outliers and stragglers for
more than 20% of the total number of reported patars for at least one of the samples. Three
laboratories (Lab N° 62, 77 and 82) score badlyalbsamples based on both the variability within
their lab and on the differences with the othesldlabs N° 12 and 81 fail on all samples concerning
the between-laboratory variability. Lab N° 42, 56darl fail for four of the five samples, for the
intralaboratory variability. The remaining 10 labtories (Labs N° 32, 35, 38, 48, 55, 60, 63, 64, 84

85) failed on 1, 2 or 3 samples either for the inithr for the between-laboratory variability.
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Figure 23: Percentage of outliers (01) and straggie (05) per laboratory for the between-
laboratory variability (Mandel’s h in red) and with in-laboratory variability (Mandel’s k in blue)
over all samples and all reported parameters.

Figure 23 shows the percentage of outliers andygiges for all the samples and all the reported
parameters (above LOQ). Nine laboratories repooigttiers and stragglers for more than 20 % of
their total N° of reported parameters: five basedh® between-laboratory variability (Lab N° 12; 62
77, 81 and 82), and eight laboratories based owithén-laboratory variability (12, 42, 56, 62, 717,
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82 and 85).

In Figure 24 the mean % of outliers and stragglerghe five samples based on the Mandel’s k is
plotted against the mean % of outliers and stragdiar the five samples based on the Mandel’s h.
The information in Figure 24 is more or less simiaFigure 23 but where the size of the circles is
measure of the mean number of reported parametessample for each laboratory.

From the location of the observations in the scattat, is seen that the balance is clearly in tavaf

the ‘h strategists’; most of the observations areated above the 1:1 diagonal. This means that
laboratories rather preferred to minimize the numifeoutliers concerning the between-laboratory
variability (Mandel's h statistic) in stead of f&ging on a low within-laboratory variability (Marde

k statistics). Laboratories that are located indbetre of the ‘cloud’ are performing normally well
Laboratories situated in the perimeter (upper raginher) of the graph, have performed relativelgrpo

for the 8" FSCC Interlaboratory Comparison.

o _|
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% OUTLIERS AND STRAGGLERS AVERAGE OF5 SAMPLES(MANDEL’S K)

% OUTLIERS AND STRAGGLERS AVERAGE OF5 SAMPLES(MANDEL’S H)
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Figure 24: Scatter plot showing the ‘h and k stratgists’ (above: all laboratories, below: zoom on
0 - 10 % scale)

Figure 25 summarizes the results of the statisdgaluation when only the laboratories participatin
in the BioSoil project are included in the oversthtistical evaluation. Now 6 laboratories pop 8p a
‘problem laboratories’ with more than 20 % of thedported results as outliers or stragglers. Three
laboratories are identified based on their betwiaboratory variability (Labs N° 12, 56 and 64) hilt

six based on their within-laboratory variabilityalhs N° 12, 42, 55, 56, 64 and 71). So the problams
Laboratory N°12 become more outstanding and two peablem laboratories (Labs N° 55and 64)
have been identified. Lab N° 63 reached but noeeded the critical limit of 20% for the within-

laboratory variability.
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Figure 25: Percentage of outliers (0l1) and straggie (05) per laboratory for the between-
laboratory variability (Mandel’'s h in red) and with in-laboratory variability (Mandel’s k in blue)
over all samples and all reported parameters for th BioSoil laboratories

3.2.5 Percentage of outliers

Based on Table 7 possible ‘problem ‘elements caideetified. For each element and sample, the
percentage of outlying laboratories is given. Ting firoup which deserves more attention for gualit
improvement are the exchangeable elements. Congethe aqua regia elements, the heavy metals
Cadmium (Cd) and Mercury (Hg) clearly pop-up asfgm parameters. These are — not accidentally -
the two elements present in the lowest concentratiglso the determination of the organic carbon
content in a poor loamy sample was not without pngblems. Then there was also a problem
determining the pH(Cag)lin the peat sample.
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Table 7: % of outlying laboratories (99% confidence per element and per sample

sample
Element A B C D E
Particle size clay 3 9 9 6
Particle size sand 9 6 0 9
Particle size silt 0 3 9 12
pHCaCl2 4 13 9 6 21
pHH20 7 4 2 2 2
CaCO3 0
oC 10 2 2 22 7
Total N 9 14 0 2
Exchangeable Acidity 3 12 33 3 16
Exchangeable Al 3 8 7 3 6
Exchangeable Ca 28 26 15 30 8
Exchangeable Fe 21 13 16 18 8
Exchangeable K 16 18 20 13 11
Exchangeable Mg 18 23 10 13 21
Exchangeable Mn 8 5 17 8 8
Exchangeable Na 37 29 31 30 26
Free H 41 4 38 23 7
Extractable Al 14 11 20 23 3
Extractable Ca 18 8 13 11 14
Extractable Cd 19 35 25 36 24
Extractable Cr 0 3 3 11 8
Extractable Cu 10 10 17 15 14
Extractable Fe 14 14 11 11 11
Extractable Hg 20 18 35 25 33
Extractable K 14 8 8 8 11
Extractable Mg 21 18 5 5
Extractable Mn 3 5 5 13
Extractable Na 12 15 6 15
Extractable Ni 13 18 10 13 15
Extractable P 11 13 11 5 5
Extractable Pb 7 7 15 12 15
Extractable S 4 11 7 7
Extractable Zn 12 5 5 20
Total Al 9 27 9 10
Total Ca 18 27 9 18 40
Total Fe 9 9 9 9 20
Total K 9 9 9 9 22
Total Mg 27 9 18 10
Total Mn 18 9 27 10
Total Na 18 9 36 27 0
Reactive Al 11 11 7 11 0
Reactive Fe 7 7 7 11 4

3.3 Coefficients of variation

Table 8 provides the CV for each analysed paramé&ter last column of the table gives the CV per
group of analysis, calculated over all the samgteghe last row, the average CV per sample isrgive

The CV of the different samples lay all within datevely narrow range (between 22 and 29%).
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Table 8: Coefficients of variation %' FSCC interlaboratory comparison 2007 (CV =
sRepr/Mgen)

Sample All samples Group

Element A B C D E

Moisture 20.3 22.6 17.1 16.4 41.0 23.5

Particle size clay 34.2 20.3 285 14.2 24.3

Particle size sand 4.9 30.8 19.6 16.5 18.0 23
Particle size silt 37.9 28.6 23.1 13.4 25.8

pHCaCl2 25 2.4 2.7 2.0 2.3 2.4 3.2
pHH20 3.4 3.4 3.4 3.9 5.8 4.0

CaCO3 45.3 45.3 45
oC 14.6 17.3 28.7 9.6 7.5 15.5 16
Total N 21.9 27.0 4.7 21.8 10.2 17.1 17
Exchangeable Acidity 39.7 16.1 811 30.0 42.9 42.0
Exchangeable Al 35.0 26.7 90.8 29.2 37.2 43.8
Exchangeable Ca 62.6 38.5 18.2 394 35.4 38.8
Exchangeable Fe 64.3 29.5 89.3 103.1 47.1 66.7 49
Exchangeable K 48.7 33.3 29.2 315 34.7 355
Exchangeable Mg 58.4 34.0 12.6 318 30.4 335
Exchangeable Mn 29.2 27.6 85.2 25.7 36.6 40.8
Exchangeable Na 88.7 53.3 93.2 65.9 38.3 67.9

Free H 84.2 91.1 61.7 67.3 54.5 71.8

Extractable Al 14.9 13.6 17.7 14.9 25.8 17.4

Extractable Ca 40.0 44.9 8.4 48.2 12.3 30.7

Extractable Cd 48.7 57.1 35.8 44.6 24.9 42.2

Extractable Cr 23.3 18.8 24.9 27.2 62.9 314

Extractable Cu 9.9 14.1 11.4 14.4 48.2 19.6

Extractable Fe 13.2 8.3 14.7 33.2 21.0 18.1 26
Extractable Hg 30.4 22.7 40.1 16.0 17.0 25.2

Extractable K 43.3 22.0 36.4 45.0 229 33.9

Extractable Mg 104 7.1 14.1 31.0 12.1 15.0

Extractable Mn 22.4 12.6 19.0 9.4 25.5 17.8

Extractable Na 52.3 50.4 47.6 54.0 58.9 52.6

Extractable Ni 9.8 13.1 11.6 9.7 49.1 18.7

Extractable P 6.7 17.3 11.1 29.7 28.4 18.7

Extractable Pb 311 23.1 17.9 26.7 15.1 22.8

Extractable S 35.9 33.0 54.2 29.5 26.1 35.7

Extractable Zn 11.9 14.3 15.7 14.6 13.5 14.0

Total Al 4.3 3.3 5.1 11.8 20.8 9.1

Total Ca 11.0 4.0 4.7 125 49 7.4

Total Fe 8.9 4.3 4.7 4.0 19.4 8.2 9.0
Total K 4.0 3.3 3.0 3.3 19.7 6.7

Total Mg 6.7 25 6.0 2.7 8.5 5.3

Total Mn 11.3 7.6 9.4 3.4 11.0 8.6

Total Na 4.4 3.3 4.9 6.7 69.8 17.8

Reactive Al 7.7 9.6 211 33.0 39.0 22.1 20
Reactive Fe 10.0 8.1 17.9 20.2 32.5 17.7

Average per sample 27.6 22.6 28.1 25.4 28.2 26.7

In Table 9, the coefficients of variation are shdaneach parameter and each sample including only
those laboratories that participate in the Bio®odject. For most of the parameters the CVs were

slightly lower, however not for all.
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Table 9: Coefficients of variation %' FSCC interlaboratory comparison 2007 (CV =
sRepr/Mgen) including only the BioSoil laboratories

Sample All samples Group

Element A B © D E

Moisture 22.1 23.3 13.0 16.9 30.7 13.0

Particle size clay 35.3 215 30.2 14.2 30.2

Particle size sand 34 27.8 19.5 15.1 16.5 23
Particle size silt 34.1 16.0 21.9 11.0 21.9

pHCaCl2 2.3 2.3 3.0 1.9 21 2.3 2.9
pHH20 2.3 2.0 3.6 3.4 5.3 3.6

CaCO3 39.2 39.2 39
OoC 10.7 11.1 13.2 8.1 7.4 10.1 10
Total N 22.1 24.7 4.9 18.9 10.7 16.3 16
Exchangeable Acidity 38.7 13.8 81.4 16.8 43.1 38.8
Exchangeable Al 26.4 21.3 92.5 23.6 36.6 92.5
Exchangeable Ca 62.6 39.1 18.6 394 35.6 39.0
Exchangeable Fe 64.1 295 84.7 98.4 41.8 84.7 50
Exchangeable K 46.4 221 22.5 274 34.7 30.6
Exchangeable Mg 59.3 335 12.4 29.8 28.5 12.4
Exchangeable Mn 26.7 25.0 92.0 225 35.5 40.3
Exchangeable Na 88.7 53.3 271 54.6 39.2 27.1

Free H 88.7 80.1 152.9 58.6 48.5 85.8
Extractable Al 13.7 13.6 16.1 15.0 22.4 16.2

Extractable Ca 26.7 38.7 7.9 40.2 125 7.9

Extractable Cd 31.8 29.6 72.0 449 18.0 39.3

Extractable Cr 20.1 15.7 18.7 22.5 62.6 18.7

Extractable Cu 9.4 13.2 9.6 13.8 44.1 18.0

Extractable Fe 135 8.5 15.1 8.9 12.8 15.1

Extractable Hg 26.3 233 41.8 15.9 16.9 24.8 20
Extractable K 33.3 13.2 27.0 36.7 19.3 27.0

Extractable Mg 9.5 6.4 8.0 9.6 12.1 9.1

Extractable Mn 19.0 9.4 11.9 8.6 23.4 11.9

Extractable Na 455 47.2 44.2 49.6 54.9 48.3

Extractable Ni 9.7 13.6 11.9 9.7 42.6 11.9

Extractable P 6.7 135 9.0 6.8 12.6 9.7

Extractable Pb 29.1 20.3 18.5 21.9 15.0 18.5

Extractable S 329 29.9 453 16.9 21.7 29.3

Extractable Zn 10.8 134 14.8 12.9 20.9 14.8

Total Al 3.8 3.3 5.2 25 20.7 71

Total Ca 8.6 4.0 4.9 12.5 4.9 49

Total Fe 6.1 4.5 4.8 34 17.2 7.2 5.4
Total K 34 34 2.9 3.0 21.5 2.9

Total Mg 5.7 25 6.0 2.3 8.5 5.0

Total Mn 9.8 4.8 6.0 3.4 11.4 6.0

Total Na 4.4 3.0 4.9 6.7 58.3 4.9

Reactive Al 7.6 9.9 22.0 33.7 34.3 215 20
Reactive Fe 10.3 9.0 18.6 20.9 16.2 18.6

Average per sample 27.5 20.4 31.0 23.1 28.1 23.3

3.4 Solil analytical methods

Tables 8 and 9 showed that even in tHisifierlaboratory Comparison, the CVs remain regdiv
high. This raises the question whether all labor@soeffectively use the reference methods. The
following information was available from the methimdormation provided by the laboratories at the

on-line data submission.
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3.4.1 Sieving and milling
Since the methods described in the Manual on Sampld Analysis of Soil (2006) had to be applied,

also the rules on preparation of the soil sampéebth be followed. This means that the analysis had
to be done on the < 2 mm fraction without furthelling for the determination of moisture, particle
size distribution, pH, exchangeable, aqua regieaetdble and oxalate extractable elements. Further
grinding was only allowed for the determination@diCQ, total organic carbon, total Nitrogen and
total elements.

From Table 3.1 in Annex 3 is seen that at least fboratories did not respect these rules. Laborat

N ° 67 milled the sample for exchangeable elemeams Lab N° 18, 48 and 67 did it for the
extractable elements. Unless it is due to an emraeeporting, Lab N° 53 milled the sample for the
measurement of the silt content. Lab N° 53 and 8léanthe sample for the determination of the soil
pH. Lab N° 40 milled the sample for the determimiatof the reactive Fe and Al. While for the total
elements (Al, Ca, Fe, K, Mg, Mn, Na) the sample teade milled, this was only done by three of the
eleven laboratories that reported these elements.

These differences in sample preparation are noteudiately reflected in the ring test results. Howeve

this does not mean that the way of sample preparatould not be a source of variation of the result

3.4.2 Removal of compounds

Since this question was not 100 % clear, it isi@iff to draw any conclusions. Though, when
following the manual, certain analyses such asditermination of particle size distribution, total
analyses did require an additional step to remagaroc carbon, soluble salt, gypsum or CaCO

Some laboratories did report this, other not.

3.4.3 Pretreatment

Concerning the Exchangeable elements, one labgrédtab N°26) reported to have used the triple
extraction method. A quick exploration of theiruks show rather high concentrations for most ef th
acid cations, but reasonably good results for gséchcations.

When using the reference method, the laboratohiesld have indicated the aqua regia extraction by
reflux method (code 3.11). Six laboratories indédathat they digested the sample by microwave
(code 5.7 and 5.8). Though, most laboratories didspecify whether they used the reflux method or
the microwave digestion and used code 2.3. Towelgext ring test, the method list should be more
clear and the reflux digestion method should b&ebétdicated.

Concerning CaCg the manual writes ‘the soil is treated with ast acid = HCI'. Since the reaction
takes place in the calcimeter, it is not clear Wwhethis is a pretreatment or not. Since theorigitiae
strong acid can be another reagant, it is wortreui@porting the HCI ashing.

Laboratory N° 10 used a KCI extraction in steadaofd ammonium oxalate. They had one outlier

(sample D, Fe).
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Following the manual, there were two possibilities the pre-treatment of the total element
determination: either 2.4 (HF + HCJDor 2.5 (LIBQ). The digestion withyos + HF (either pressure
digestion or microwave digestion) is not describethe manual. This means that eight of the eleven
laboratories did not use the reference methodieranalysis.

Related to the OC determination, it is not cleaiclwhmethods some of the labs used. Lab N°36
reported that they made a dry ashing and Lab Nf8dxggen ashing in the pretreatment. Possibly
they were talking about the dry combustion methddctv is included in the description of the
determination method of the element analysers (LaB6 used a CN analyser and Lab N° 84 a CNS
analyser). The results of these two labs were doodoutliers). Lab N°18 did a pretreatment with
H,SOJYK,CrO; followed by a spectrophotometric UV-VIS measuretnéab N° 53 did not do any
pretreatment but said to calculated the OC conf@nt Labs N° 82 and 85 did not report any
pretreatment and reported to have done ‘C detetioit&. The latter four laboratories had each one

outlier.

3.4.4 Determination

When studying Table 3.4 in Annex 3, we see thatestahoratories used a very general code to name
their determination technique, which should be d&diin future ring test questionnaires.

Related to the spectrometry techniques, most ladmiea used ICP-AES, except for the Hg
determination. Only Lab N° 6 used ICP but theiutesswere out of the normal range. One laboratory
determined the total elements by AAS but nearlytaillesults were outliers.

For the determination of total N, the majority bétlaboratories use total analysers. Eight labdesto
reported to use the Kjeldahl apparatus and twortegdtitration’, also possibly referring to the
Kjeldahl determination method.

Concerning exchangeable acidity there should oaletbeen two possibilities: either titration (code
82 or 73) or calculation (code 91). Some labora®reported the code '72 = potentiometry’ but his
the method to determine the freé since the German calculation method calculate$réeeH based

on pH measurements of the Ba€ktract before and after extraction. Based orptialifference, the
amount of protons is calculated, so the frée$ubsequently the exchangeable acidity is caledlas
the sum of free Hand exchangeable acid cations.

Thirty five laboratories reported results for thertle size determination. Based on their answadrs,
least 24 laboratories used the pipette method.tHajyoratories did not report any determination
method. Two laboratories answered they used odwdmiques. One laboratory (Lab N° 7) reported
that they used the calcimeter, which must be a miiststanding. Though, all these 11 laboratories
performed well in the ring test for this analysis.

Of the 27 laboratories that analysed the reactevarid Al, only two laboratories measured the cdnten

using AAS. All others used ICP. No differences wagen in the quality of the results.
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Lab N° 81 reported for all parameters (and Lab IR°fér all parameters except Total N) ‘no
information’. So we can only conclude that thedeofatories did not make the effort to fill in the
questions properly. For the determination methodthef particle size distribution, several more
laboratories reported ‘no information’.
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4 DISCUSSION

4.1 Evaluation by element

While reading this section, please consult therégun Annex 5 on the attached CD-Rom and Table 5

on pages 28 and 29.

4.1.1 Moisture Content

Although, the soil moisture content was mandatarydport, this was only done by 42 of the 48
laboratories for the mineral soil (not reportedldlyoratories nl12, 18, 35, 62, 69 and 3@&nd by 41

of 48 for the organic layer (not reported by theokatories mentioned above and Lab88J. Some of

the laboratories that participated in the previousrlaboratory comparison, reported the moisture
content but decided this time not to do so.

Since nearly 15% of the laboratories did not repbet soil moisture content, we assume that no
corrections were made between the results on ed-@nd oven-dried basis. This means that they did
not work according to the methods described inrttaual where reporting on oven-dry basis is
obligatory. This is remarkably since this parametsms easy to measure.

Since it is an essential link in a harmonised dataacross Europe, the moisture content should be a
strictly mandatory parameter: when the parametaroisreported, a country should not be able to
submit the whole file containing the analytical daditory results. This should be added as an extra
quality rule when submitting the survey data todbetral database.

In contrast to the®¥FSCC Interlaboratory Comparison, all reported moéscontents were indeed the

moisture content and no confusion was made witliltii@natter content.

4.1.2 Particle size distribution

Thirty-five out of the 48 laboratories reported theaticle size distribution (73%) which is an ingse

of more than 10% compared to the previous ring @se laboratory (Lab N° 56) did only report one
replicate so could only be included in the dot plbé histogram and box plot of the means butmot i
the further statistical analysis.

Most of the laboratories used the reference mefhSe 24). Eight laboratories did not report the
method and three laboratories reported using anatbthod (see Annex 3, Table 3.4).

Over the three particle size classes, a total afutllying laboratories (Labs N1, 23, 37, 53, 59, 60
82 and 85 based on the within-laboratory variability and ka® 34, 37and55 based on the between-

laboratory variability) have been identified forl@ast one sample.
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Each ring test it happens again, that correct apalyare reported in the wrong fields or better @ghat
laboratory analyses well its samples but makel$ im@lone by reporting carelessly. Lab N° 34 clgarl
mixed up the sand and clay content. For the sitttion their results are nicely within the bulktbé
data. So please be more careful in reporting!

Good news is that the coefficients of variation ioyed compared to the previous interlaboratory

comparisons.

4.1.3 Soil reaction

In total 46 of the 48 participating laboratoriepoged pH(HO) and 49 reported pH(Cagl There
were more outliers for the pH(Cafthan for the pH(ED). Concerning pH(Cag)l, 16 laboratories
reported outlying results for at least one of ttesimples, either for the within or for the between-
laboratory variability (see Table 5). The poorestf@rming laboratories for pH are laboratories 12° 4
and 62, failing for their within-laboratory varidby.

Studying the pH, the applied statistical procedseemed not waterproof concerning the different
levels of rounding . Most laboratories are abladport up to two decimals, while strictly seen the
database only asks for one decimal place. Thestitali analysis was done on the data as they have
been reported giving a possible advantage to ladmiea that reported only one decimal and so
decreasing the within laboratory variability. THere the analysis was redone using the results

rounded to one decimal place. Doing so, the nurabexrcluded laboratories decreases. See Table 10.

Table 10: The list with excluded laboratories wherel) all decimals were kept as reported and 2)
all results have been rounded to one decimal place

Parameter | Sample |Excluded labs (all decimals Excluded labs Mgen CVv
included) (one decimal included)
A k42;k82 k42 4.2 2.6
B k62;k63;k26;k82;k83;k42 k62;k63 3.8 2.4
pH(CaCl,) |C k62:k67;k36;k42 k62;k67;k36;k42 7.3 2.7
D k62;h71k;k42 k62;h71;k42 4.0 2.0
E h18;k62;k63;k21;k40; h18;k62;k63 29 2.9
k61;k81;k42;h85;k48
A k42;k62;h71 h71 4.6 3.6
B k62;k63 k62 4.2 35
PH(H20) |cC k62 k62 7.9 3.4
D h71 h71 4.6 3.9
E h85 4.0 6.6

When more laboratories are included in the cleatsdset, it influences the other statistics. Thamme
of the pH(CaG)) in sample E increased from 2.8 to 2.9. The coeffits of variations also increased
for pH(CaC}) for samples A and E and for pH{®) for sample A, B and E.
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4.1.4 Carbonate content

4.1.4.1 Sample A, B,D and E

CaCQ should only have been measured when the pHa@k above 5.5 (organic) or 6.0 (mineral
soil). So in practise, only sample C had to be y@meml (mean pH(Cagl= 7.3). The values for
samples A, B, D and E should have been ‘NA’, megtirat the analysis was not done. Another
possibility was to report that the value was betba detection limit. However, strictly seen, repagt

a ‘0’ value is not correct since it is never poksib really measure ‘0’. There is always some e0is

a measurement. In the statistical evaluation, th€@ content of sample A, B, D and E has not been

taken on board.

4.1.4.2 Sample C

In the statistical analysis of the Cag€bntent of sample C another particularity was tbugight of

the 39 laboratories reported values of about 1@dismaller than the average of the remaining 31
laboratories, suggesting a mistake in the repouinigy (see Figure 26). The Cag€ontent had to be
reported in g/kg and not in %, which might be tbatine unit in a number of laboratories. These 8
laboratories have been defined in the histograth@®imeans (Figure 27) as very deviant outliers and
were excluded from the box plots. But in contrastvhat we expect, they have not been identified as
outliers in the Mandel's h and k statistical evéilna Only Lab N° 60, 81 and 34 had a tail value fo
the Mandel's h statistics at 5% significance levEhis case clearly shows the importance of
combining the exploratory and the in-depth statisto come to a good interpretation of the ring tes
results.

The eight laboratories which should check theiortgal values are Lab N8, 34, 56, 60, 64, 68, 81
and 84. When these eight laboratories are manually remdre@d the dataset, theean reported
values of the remaining 31 laboratoried®4.5 g/kgand theCV = 7.9%.
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Figure 26: Dot plot of the reported CaCQ content of sample C
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Figure 27: Histogram of the means of the reported &CO; content of sample C

4.1.5 Organic carbon

In total 43 laboratories reported results for thgamic carbon content. Due to a very high limit of
quantification of 10 g/kg, Laboratory NB5 could not report a significant OC content for thimeral

soil samples. Also the detection limit in Laborgtdi® 54 was too high (5 g/kg) to measure the
concentration of OC in sample D.

Lab N° 81 probably reported the OC in the wrong units fangke A, B, C and D (a factor of 10 too
high). For sample C, three laboratories reportesvhich are about double the average of the other
labs (Lab N°34, 40and54). Although the histogram of the means identifieénh as outliers, the
Mandel’s h statistics did not throw them out. Thparted values of sample D of Lab 68 have been
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corrected by the laboratory on the 27th of Sept: the value of three replicates should be 4.5.g/kg
This error must have been introduced — accordinth¢olab responsible - while entering the data
through the on-line web application. What went vggan sample D and E for labs N85, 83is

unclear.

4.1.6 Total nitrogen content

10 laboratories of the 43 laboratories which regmbiN values have been excluded for at least one
sample (namely Labs N1, 12, 42, 53, 55, 59, 62, 64, 81).8Phe low total nitrogen content in three
of the five samples (below 1 g/kg) probably exmathe relatively high coefficients of variation
(between 22 and 27%). In sample C and E, the muttaigen content is higher and the samples have

significant lower CV’s (between 5 and 10%).

4.1.7 Exchangeable cations

Except for laboratories N21, 31, 36, 40, 45, 48, 54, a8d83, all laboratories reported outliers for at
least one of the nine parameters in this groumfdeast one of the five samples. Note that lalboyat

N° 45 did not report free Hand laboratory N£8 reported ‘0’ values for exchangeable acidity. INfb

58 did not report exchangeable acidity and fréelidb N°83 did not report free Hand exchangeable
Na and reported ‘0’ values for some other parameter

In the dataset, we still face problems with thev@lues. In theory it is not possible to reporta *
value since it is not possible to quantify an eleti®elow the limit of quantification and certaimpt
below the limit of detection. Some laboratoriesareégd ‘0’ values while they probably should have
reported the determination limit or limit of qudidation. In the statistical analysis the 0 valaes

the values below the determination limit have besnoved from the dataset. This means for example
that Lab N°48 was not included in the analysistifierexchangeable acidity.

Also, it might have happened that some laboratatiésot analyse a certain parameter on a sample

and also put a ‘0’ value (since the on-line subimisprogramme did no accept empty cells).

Lab N° 77 reported results which are completely differerdnir what is expected. Also other
laboratories that participated for the first timed FSCC Interlaboratory Comparisons, performed

poorly.

Another factor that may influence the variabilitgtiveen the labs is the single versus the triple
extraction. According to Annex 3, Table 3.3, Lab 2& used triple extraction. For the basic cations,
their results are always within the bulk of thead&xcept for Na where it had a tail value for siemip
and a straggler for sample B based on the betvadsrdtory variability. For the acid cations, their

values are above the mean, with occasionally avédile, straggler or outliers, namely an outliar fo
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sample A for Fe and for sample C for Frele &lstraggler for sample A for Freé ahd a tail value for

sample B exchangeable acidity.

4.1.8 Agua Regia extractable elements

Five laboratories did not analyse the aqua regiaetable elements. Of the remaining 43 laboragorie
several did only analyse a subset of the 16 elesnéab N° 62 only analysed extractable P and had
poor results. Lab N° 53 only analysed K and P aeithar had good results. Elements which are
regularly skipped are Hg, S and K. Of the 43 latmres, 9 laboratories failed for more than 20% of
their reported results (Lab N2, 42, 53, 55, 56, 62, 64, 8hd82).

A first ‘problem’ element, identified as an elemeavttere more than 20% of the laboratories reported

outliers, is_Cadmium (Cd)40 laboratories reported values for the extraeta®t of which 33

laboratories reported values above the limit ofngjfiaation. Of these 33 laboratories, 4 laborasri
(Lab N°6, 10, 12, S5pfailed for all samples and 2 laboratories forrheall samples (Lab N55 and
63).

The second problem element is Mercury (Hginly 17 laboratories reported values above thé tifn
quantification. Two of these laboratories failed &l their samples (Lab N8 and48) and two for
nearly all of them (Lab N84 and67) . So Hg remains a difficult element to analyse.

Other elements where frequently problems are neeARrCu, Na, Ni and Pb (between 10 and 20 % of

the reported values are outliers).

4.1.9 Total elements

In contrast to the®™FSCC Interlaboratory Comparison, the Total elemerere again included in the
evaluation. Eleven laboratories reported their Itesin the evaluation per element and per samples,
between 1 and 4 laboratories were excluded basedeolandel’'s h and k statistics. Laboratory N°
13, 30 and 3@passes the test for all the samples and elenaattsratoy N°82 scores very badly for

most of the elements.

4.1.10 Reactive Fe and Al

In total 27 laboratories analysed the oxalate etdtde Fe and Al. Laboratory°Ne7 failed for nearly
all the samples for the between-laboratory vatriigbily reporting far too low concentrations. In the
previous FSCC Interlaboratory Comparison, they haither good results, but then they always

measured far above the mean concentration.
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4.2 Comparison with the 4" FSCC Interlaboratory Comparison

4.2.1 The coefficients of variation

Compared to the"™FSCC Interlabratory Comparison, the CV’s have wupd for particle size
distribution, carbonates, total nitrogen, exchab@gea&ations, aqua regia extractable elements (see
Table 11) but remained at the same level or ween evorse for pH, organic carbon, acid oxalate
extractable Fe and Al.

While the average CV per sample in tHeFSCC ring test varied between 23 % (organic sanapid
48% (sample D), there is now a clear improvemettt @imaximum CV of 28% in the peat sample.
Note, that this is only a very rough comparisongsiit concerns the average of different soil saspl
and the CV largely depend on the kind of sampleallaw better comparison, sample B in tHeahd

the 8" FSCC Interlaboratory Comparison were nearly theessample. The sample B in the previous
ring test was a subsample of the sample in theiry test, taken before the homogenisation of the
sample was completed. Concerning the average ciggffi of variation, the improvement is

remarkable, it decreased with more than 20% (theoX¥ie total analyses not included).

Table 11: Group CV's of the 2 39 4" and 5" FSCC Interlaboratory Comparison after
elimination of the outliers

2™ FSCCRT | 3“FSCCRT | 4"FSCCRT | 5" FSCCRT

Group 1: Particle size distribution NA 53 37 23
Group 2: pH 3.25 35 3.1 3.2
Group 3: Carbonate content NA 206 129 45
Group 4: Organic carbon 41.5 18 13 16
Group 5: Total N 25 17 27 17
Group 6: Exchangeable cations 52 71 54 49
Group 7: Aqua regia extractable elements 35 47 33 26
Group 8: Total elements 21 9

Group 9: Acid oxalate extractable Fe & Al NA 44 12 20

4.2.2 The poor performing laboratories

In the 4" FSCC ring test 9 laboratories reported outliers stragglers for more than 20% of the total
number of reported parameters. Seven laborataNesl?, 18, 20, 42, 64, 71, 73 and 74) reported
outliers and stragglers for more than 20 % of thalysses based on the between-laboratory variability
and six laboratories (Lab N° 20, 42, 71, 73, 74 @dbased on the within-laboratory variability.
Laboratories N° 20, 73, 74 and 75 did not partigpany more in the '5FSCC Interlaboatory
Comparison. The problems in Lab N° 12 remained. Nali8 improved their results largely. Lab N°
42 has now better results, though still had problevith sample A and did not analyse an important

set of parameters which are mandatory in the Blo@wiect. Labs N° 64 and 71 improved their
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results but need to continue improving becauskhstile problems with certain parameters (especially
the exchangeable elements). Laboratories N° 124&2ndhainly had problems with the aqua regia
extractable elements. Lab N° 12 did not know theseaof their problems and clearly could not solve
the problem in the meantime. Laboratory N° 42 ilkestiain the meantime new equipment (AAS

instrument) but is still not measuring all the matadly parameters of the BioSoil project.

Concerning sample B, 9 laboratories reported mioaa 20% of outliers (summed over all reported
parameters) in the"4FSCC Interlaboratory Comparison. Five of thesefatories did not participate

in the 8" FSCC Interlaboratory Comparison. Two laboratosigisface problems and laboratories N°
10 and 18 improved. Lab N° 18 improved significgiit$ results for the aqua regia elements, although
their total set of analysed parameters remains limited (pH, OC, Tot N and Extractable Cd, Cr, Cu,
Ni, P, Pb and zn). Lab N° 10 analysed all paramsetexcept Total elements and Hg) and improved

for most of the parameters except for extractalblei@ Mg.

4.3 Data Integrity Expert Rules

Together with the test samples all laboratoriesived a list (see Table 12) with updated data nitieg

rules and plausibility ranges.

4.3.1 0<pH(H0) - pH(CaCl) < 1.2

LaboratoryN° 85 reported higher pH(Caglresults for samples A, B and E. The laborators wa
identified for sample E as an outlier [pH(C@Cand a straggler [pH3D)].

For the peat sample E, the majority of the laboieso(27 of 46 = 59%) reported pH®)) values
which were more than 1.2 pH units higher than tHéGaClL). This could mean that rather the rule
should be revised concerning the organic layer arenspecifically for peat soils. This problem needs

further clarification.

4.3.2 For organic layers: 5 < C/N ratio < 200 and for mirral soil: 3 < C/N ratio < 75

Except for LaboratorijN® 53 which reported a too low OC content for samplgsé€: the histogram in
annex) and for Laboratofy° 81 which reported an unacceptably high OC contentHermineral soil

samples, the integrity rule on the C/N ratio waspeeted by all laboratories.
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Table 12: Updated data integrity expert rules (FSCCMay '07)

Organic Sample Mineral sample
Parameter Rule Rule
pH(CaCl2) 0 < [pH(H20) - pH(CaClI2)] <= 1.2 0 < [pH(H20) - pH(CaClI2)] <= 1.2
pH(H20) 0 < [pH(H20) - pH(CaClI2)] <= 1.2 0 < [pH(H20) - pH(CaClI2)] <= 1.2
Organic carbon (CaCO3-C)+TOC<=TC (CaCO3-C)+TOC<=TC
Total N 5 < C/N ratio < 100 3 < C/N ratio < 75
CaCO3 if pH(CaCl2) < 6.0, CaCO3 =0 if pH(H20) < 5, CaCO3 = 0 or: if pH(CaCl2)<5.5, CaCO3 = 0
Particle size: clay 100-clay%-silt%-sand% = 0
Particle size: silt 100-clay%-silt%-sand% = 0
Particle size: sand 100-clay%-silt%-sand% = 0
Extracted P 100 < C/P ratio < 2500 10 < C/P ratio < 750
Extracted Ca Extracted Ca <= Total Ca
Extracted K Extracted K <= Total K
Extracted Mg Extracted Mg <= Total Mg
Extracted Mn Extracted Mn <= Total Mn
Extracted Al Extracted Al <= Total Al
Extracted Fe Extracted Fe <= Total Fe
Extracted S 20 < C/S ratio < 1000
Exchangeable acidity EA = Al-exch+Fe-exch+Mn-exch+Free H+
Exchangeable Ca (Ca-exch * 200) <= Extracted Ca <= Total Ca
Exchangeable Mg (Mg-exch*122) <= Extracted Mg <= Total Mg
Exchangeable K (K-exch*391) <= Extracted K <= Total K
Exchangeable Na (Na-exch *230) <= Extracted Na <= Total Na
Exchangeable Al (Al-exch*89) <= Extracted Al <= Total Al
Exchangeable Fe (Fe-exch*186) <= Extracted Fe <= Total Fe
Exchangeable Mn (Mn-exch*274) <= Extracted Mn <= Total Mn
Total Al Total Al >= Extracted Al
Total Ca Total Ca >= Extracted Ca
Total Fe Total Fe >= Extracted Fe
Total K Total K >= Extracted K
Total Mg Total Mg >= Extracted Mg
Total Mn Total Mn >= Extracted Mn
Total Na Total Na >= Extracted Na
Free H+ Free H+ < Exchangeable Acidity
Reactive Fe Reactive Fe <= Total Fe
Reactive Al Reactive Al <= Total Al

4.3.3 For organic layers: if pH(CaCly) < 6.0 then CaCQ = 0 and for mineral soil: if
pH(H20) <5 then CaCQ =0 or: if pH(CaCl2) < 5.5, then CaCQ =0
The laboratories that reported other values thaki, sl ‘0’ or a value below the limit of determinati

made a serious mistake and are considered to labesl ffor this parameter and the concerning

sample(s). The outlying labs and their reportedeslare given in Table 13.
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Table 13: Mean reported CaCQ content for samples A, B, D and E different from NA’, O or
below detection limit

Lab ID Mean reported value
Sample A Sample B Sample D Sample E
Mean pH(CaCl,) | 4.2 3.8 4.0 2.8
68 Value < LOQ Value < LOQ Value < LOQ 3g/kg
81 0.2 g/kg 0 g/kg 0 g/kg 0 g/kg
85 17.7 g/kg 24.5 g/kg 7 g/kg 9.8 g/kg

4.3.4 Particle size distribution: X [clay (%), silt (%), sand (%)] = 100 %.

Taking one digit into account, not more than theuhs of 13 laboratories out of 35 fulfil this rukeor
most of the other 22 labs, the differences werellesménan 1% and can still be accepted. Though,
laboratory N°55 (with an outlier for silt content on sample D) ogfed results where the sum of the
sand and silt fraction was exactly 100% but ondbhat they still measured a clay fraction, rasgit

in total percentage way above 100%. Other labaestanith great deviations from the 100 % were
Labs N 7, 26 and 34.

4.3.5 For organic layers: 100 < C/P ratio < 2500 and fomineral soil: 10 < C/P ratio <
750

Concerning the organic layer, all laboratories regmb C/P ratio’s above 100 but more than 50 %
(18/35) of the laboratories reported C/P ratio’s\a2500. This raises again the question whetleer th
data quality rule is also valid for a peat soil.

Concerning the mineral samples, the C/P ratio mptes A and D is quite often close to 10 and for a
number of laboratories below 10 (Labs N° 8, 18,31,34, 54, 56, 59 and 85). The upper limit f@ th
mineral samples was respected by most of the ladyt@a except for Lab N°53 which reported too

low extractable P values (see also Annex 5).

4.3.6 For organic layers: 20 < C/S <1000

All results of the organic sample for which botle t& and S content was reported, fulfilled this

criterion.

4.3.7 [Exchangeable elementsf [Extractable elements]< [Total elements]

These rules check whether the total content ofrftmioeelements is larger than the extractable cdnte
which should be larger than the exchangeable confable 14 and Table 15 show the Lab IDs of the

laboratories violating these rules.



5™ FSCC Interlaboratory Comparison 2007

59

Table 14: Laboratories for which violations have ben observed for Ca, Mg, K, Na and Mn

Violation [Ex Ca] < [Ec Ca] [Tot Ca] < [Ex Ca] [Ex Mg] < [Ec Mg] [Tot Mg] < [Ex Mg]
A 77,81
B 77,81
C 77 3,7,13, 14, 30, 32, 40, 48, 82 77
D 77,81, 83, 84 82
E 6,12, 77 14, 30, 32, 40, 48 6, 8,12, 14, 23, 26 14, 30, 32, 40, 48
Violation [Ex K] < [Ec K] [Tot K] < [Ex K] [Ex Na] < [Ec Na] [Tot Na] < [Ex Na]
A 77 77,81, 82
B 77 6, 64, 77, 81, 82
C 77 77,82, 84
D 77 56, 77, 81, 82
E 8,11, 63,64, 77,82 | 32 3, 6, 11, 13, 26, 31, 45, | 7, 32, 40, 82
54,64, 77, 82, 84
Violation [Ex Mn] < [Ec Mn] [Tot Mn] < [Ex Mn]
A 77 32
B 77
C 77 7, 30, 32, 40, 48
D 77 7,14, 30, 32, 48, 84
E 3,11, 14, 23, 42,59, | 7, 13, 32, 40, 48
60, 77, 82

Based on the Mandel's h and k statistics, laboyalt 77 had outlying results for all its measured
exchangeable elements and for all samples. Thely eamsild have identified this problem before
submitting the results to FSCC by checking thedesruMost of the laboratories mentioned in the
second column have been excluded from the Manbedisd k statistics of the exchangeable elements
meaning that the reason behind the violation ofrthes should be sought in the too high levels of

exchangeable elements reported by these labomatorie

Calcium: It is remarkable that 9 of the 11 laboratoried thaasured total Ca on sample C reported
total Ca content lower than the extractable Cas Trigonsistency can be related to the CaCihtent

of the sample and the pre-treatment of the san@ethe peat sample, 10 laboratories determined
total elements. Five of them measured values ldiem the extractable elements. These differences
can e.g. be due to an improper destruction of tigaroc matter. These two problems have to be
analysed in more detail.

Potassium:Lab N° 77 reported too high exchangeable K forttedl samples. Concerning sample E,
Lab N° 77 and 82 were identified as outliers far #xchangeable elements and Labs N° 11 and 64 as
stragglers. The extractable K measured by Lab N\i32Zample E was higher compared to the other
laboratories and by consequence identified as Hieou

Magnesium: Five out of the ten laboratories that reportedltddg for the peat samples obtained
results which were lower than the concentratiortaiobd by the aqua regia extractions. It are exactl

the same laboratories that failed this rule for Ca.
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Sodium: In the previous sections of the report, probleresenseen for many laboratories concerning
the exchangeable sodium content. Again we face ehighxtractable concentrations than total
concentrations for the organic sample.

Manganese:Lab N° 77 reported exchangeable Mn values far tgh for all the samples. Lab N° 3,
11, 42 and 60 were tail values in the dot plotextfactable Mn for sample E on the lower rangéef t
distribution. Lab N° 32 had relatively high extralole values for sample A and Lab N° 48 was
identified as outlier for extractable Mn for sampleLab N° 14 and 84 were identified as outliens fo
the total Manganese and Lab N° 32 in sample E.

Aluminium and Iron: For these two elements two additional rules cdagldncluded concerning the

total and the oxalate extractable elements.

Table 15: Laboratories for which violations have ben observed for Fe and Al

Sample [Ex Al] < [Ec Al] [Tot All < [Ex Al] [Tot Al] < [Re Al]
A

B

C

D

E 30, 82

Sample [Ex Fe] < [Ec Fe] [Tot Fe] < [Ex Fe] [Tot Fe] < [Re Fe]
A

B 32

© 13

D 32, 48, 82

E 77 3, 13, 32, 40, 48 3,13

Aluminium: Lab N° 30 was an outlier for exchangeable Alumimisince they measured a
concentration which was too high and Lab N° 82 idastified as an outlier for the extractable Al in
the boxplots (measurement was too low).

Iron: Lab N° 77 is an outlier for the exchangeable FelaainiN°® 82 and 32 were identified as outliers
for respectively samples D and E. The differenassvben total Fe and extractable Fe for laboratories
n° 3 and 13 were relatively small (< 5%), but w&€86 for Lab N° 32 and between 10 and 20 % for

laboratories 40 and 48.

4.3.8 Exchangeable acidity =X (acid cations, free H)

This rule can be used to check two methods: theulztion of the exchangeable acidity by making the
sum of the acid cations and Freé &hd the direct titration method to measure thehamgeable
acidity. FSCC suggests to apply this rule on treilte in cmol(+)/kg without decimal values. For
sample C this rule was difficult to check since gnari the acid cations were below the limit of
determination. Concerning sample A, the exchangeadidity of 5 laboratories was higher than the
sum of the acid cations and Freg& (Habs N° 26, 40, 54, 63 and 71) and for other®tatories (Labs
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N° 32, 37, 42, 55 and 81) the sum of the acid nat&nd Free Hwas clearly higher than the (directly

measured) exchangeable acidity.

4.3.9 Exchangeable acidity > Free H

Some laboratories reported Exchangeable aciditgenttrations which were lower than the Free H
(Table 16). Sometimes this is due to the low cotreéion in the sample and that the measurement(s)
is (are) close to the limit of quantification. Fexample, Lab N° 54 measured exchangeable acidity
below the LOQ and positive Fre€ Malues. Some laboratories (Lab N° 48 and 64) tedd’ values

for exchangeable acidity and positive numbers feefH. As written before, these ‘0’ values cannot
be correct and should be replaced by the LOQ valmekab N° 26 and 63 there must have gone

something wrong in the measurement of Frée H

Table 16: Laboratories violating the rule: Exchangable acidity > Free H

Laboratory Sample (s) where [Free H *] > [Ec Ac]
26 C

48 A /B C,D

54 C

63 D, E

64 C

5 CONCLUSIONS

A total of 48 laboratories reported their resuttstie 8' FSCC Interlaboratory Comparison 2007. Nine
laboratories reported outliers and stragglers faremthan 20 % of the total; five based on the
between-laboratory variability, and eight laborasrbased on the within-laboratory variability.
Problem parameters are (1) exchangeable elememscially Na, Ca, free HHMg, Acidity and Fe,

(2) the heavy metals Hg and Cd extracted by AqugicR&xtractable Al and Mg, (3) carbon content
in sample D with low organic carbon content andti) pH determination of a peat sample. In general
there are more problems when the concentrationhef doncerning element is relatively low.
Compared to the™FSCC interlaboratory comparison in 2005, the ddefits of variation of all
groups of analysis have improved or remained aitrélas level. The CV of the blind sample B
improved by 20% mainly because of a large improvean® determination of the Aqua Regia

extractable elements.

6 RECOMMENDATIONS AND FOLLOW -UP

1. Certain easily identifiable errors appear over ever again in each interlaboratory comparison. A

number of them can be overcome by the applicatidheodata integrity rules. The application of
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the data integrity expert rules by the laboratogesld have been better. Several laboratories
reported data which violated the rules. Those srmiten resulted in the exclusion of the

laboratory in the final statistical evaluation. 8@ application of the data integrity rules would

strongly improve the ring test results. Certairesumight need further refinement, for example
concerning the pH checks in the organic layer.

2. A second set of errors concern the reporting umhss ring test showed a clear example where the
CaCQ by a number of laboratories was reported in %esi$tof g/kg. Plausibility rules could help
the laboratories to identify such errors, thougitsithe programme covers a very wide range of
soil types, the plausibility range we can set iemftoo wide to detect these errors. Therefore
FSCC suggests that all laboratories set up thaiusibility ranges according to the soil types
which are frequently met in their country.

3. In the 4" FSCC Interlaboratory Comparison 14 German labdetaeported their results. The
coefficients of variation of this subset of laboréts were significantly better compared to the
whole set of 52 laboratories. This may indicateat the German approach is a possible effective
way to improve the quality in the laboratories. Germany regular laboratories meetings are
organised with the laboratories heads, where irdtion between the laboratories can be
exchanged. Therefore the QAQC laboratory groupC#t Forest, under the chairmanship of Dr.
N. Kdnig, will organise a laboratory head meetiR§CC fully supports this initiative.

4. In the framework of the BioSoil project, a sepasttdistical evaluation was made of the subset of
39 laboratories participating in BioSoil. Now 6 ¢ahtories were identified as outlying labs, of
which 4 laboratories were already identified in tweerall interlaboratory comparison. While

overall the CVs were slightly lower, this was nu tase for all parameters and samples.
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