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S1. Organisation
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Figure S1: Organisation of the project and quality assurance measures
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S2. Chromatograms (ECD, FID, MS)
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Figure S-2: Chromatographic detection of the halogenated organics mentioned in the main
text. FID and ECD should be applied in parallel to enable the quantification of
R1113 and vinyl chloride
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S3. Statistical Analysis
S3.1. Aims and Tasks

This supplement provides information on the data assessment carried out to demonstrate the
constant improvement of laboratory performance due to the different quality assurance
measures applied. The analysis is based upon the ordinal data obtained by grouping laboratory
results into categories describing the relative deviation of the result obtained by the laboratory
from the reference value. Categories range from relative deviations of 10% to 100%.
Occurrences in the different categories form a pattern describing the average laboratory
performance over the three phases considered.

Questions to be answered by the assessment of the data are
i. Do the patterns differ between the various phases?
ii. s the most recent phase in time the best one?
iii. Do differences between analytes exist?

Aucxiliary is the question related with item point ii), namely what should be considered "best".
Theoretically, the ideal situation would be if all laboratories always found the reference value,
at least within a stated measurement uncertainty for the latter. In practice, laboratories will
always have a certain bias at the time of measurement which changes (hopefully reduces)
over time. Given this, the best one would be able to attain through quality assurance measures
is that this bias is random and follows a normal distribution with zero mean (no persistent
systematic bias between reference and field measurements, i.e. at least on average, filed
laboratories match the reference value) and an appropriately small standard deviation. In the
following, these assumptions have been made to define the best laboratory performance
attainable in practice, and used for answering the item raised under point ii) question.

S3.2. Data, parameters and tools

Original laboratory results were converted into normalised (absolute) deviations with respect
to the corresponding reference value(s) according to

X. .
X —x ik 1 lf‘ ximk > ximk,ref
d = ik T Fimkref | Xk rer (ES-1)
imk -
X; g ximk :
imkref 1- lf‘ Ximk < x[mk,ref
ximk,ref

were the indices refer to the phases (i=1... 3), the kind-of-analyte (m = 1... 7), and the range
(k=1... 3). Note that, for the ideal case as described below, the expected value for the

ximk

X

ratio is unity, while the expected value for d,, is zero due to the shift by unity.
imk ,ref

Reference values were dependent on the range (low, medium and high) and the kind-of-
analyte, differing in the low and medium range by an order of magnitude according to the
attainable sensitivity for the analyte under consideration. Therefore, the normalised (absolute)
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deviations were categorised in 10 classes making them, within the framework of evaluating
laboratory performance, comparable over all ranges, the kind-of-analyte, and between the
time s. The classes were 0 - 10%, 11 —20%, 21 —30% .... 91 — 100% and are denoted in the
formulae for the sake of simplicity as 0, 1, 2 .... 9. This yields occurrences (number of
observations in a class as ordinal data) of normalised (absolute) deviations within the
specified classes according to

o, .(n)=count{d, € [n-0.1,(n+1)-0.1)} (ES-2)

were n refers to the class (n=0... 9), and the indices to the same metadata as in eq. ES-1.
The n = 0 class reflects the class closest to the expected value of d,, . The very few

1

observations with dimx > 1 (deviation above 100%) were disregarded and not classified. The
0, (n) provide, in dependence on n, the "pattern" of laboratory performances in the ranges,

for the kind of analyte under consideration, and for the three phases. Since the total number of
available data points is rather small for some ranges, occurrences were normalised (i.e.
referred to the total number of observations within the range) and summed up over the three
ranges yielding distribution densities

Oimk (I’Z) (ES-3)

9

3
pim (n) =
= Z Oimk (n)
n=0

for all analytes and the three phases. For the seven analytes considered, and the phases 1997 —
2000, 2001 — 2004, and 2005 — 2010 one obtains the distribution densities collected in Figure
S-3.

Improvements for all analytes over time can clearly be seen from the graphs: The maximum
distribution density shifts considerably towards zero (the reference value), and the "spread" of
data over the ten classes becomes smaller. There are, however, differences between the
analytes (in particular for R113, R123, and R 1113) which may mainly be attributed to the
fact that QA measures for the latter three analytes started later than those for the former.

Without any limitations to the general purpose of the study (assessment of laboratory
performance over all analytes covered), and for the reasons of further enhancing the number
of observations in a class (for phase three, classes 0 to 4 for all analytes contain 374
observations out of 402), the p, (n) in eq. ES-3 may be summed up over the seven analytes

to yield the overall performance of all laboratories involved, for all ranges and analytes,
according to

D P ()
pi(n)= % (ES-4)

with the exception that the denominator in eq. ES-4 is 5 (instead of 7) due to the lack of data
for R123 and R1113 in phase one (1997 — 2000). This provides the overall performance
pattern depicted in Figure 5 in the main text.
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Figure S-3: Distribution densities of observations within the defined deviation classes 0 to 9
for the seven analytes considered, and the three phases (=groups).

It is obvious from Fig. 5 in the main text that the overall performance of the laboratories
improved significantly from phase one to three: While in the beginning, the distribution is flat
a rather similar to a rectangular (in other words, noise-like), it becomes much more
pronounced at the later stages, with more and more observations within a limited, and
allocated around the reference value, deviation interval not much larger than 20%.

Comparison between the patterns may be carried out using the Kolmogorov-Smirnov test for
distributions which is distribution-independent and thus can cope even with experimental
distributions of unknown origin. This would provide chi-square values for the analyte
comparisons one-by-one and thus answer the question 1) of clause S1, but in a rather
ineffective way. Since one still deals with the rest of the questions raised, one would rather try
to adjust an "ideal" situation to the patterns obtained for the three phases, again using the
Kolmogorov-Smirnov test criterion. This test uses the statistic

2, &lo(m)—k-p,(NA+A,0)] )
d ‘§ k- p,(N(1+A,,0)) (=50
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or

z _y lpm=p,a+A.0)F (E£55.2)
k= p(N(+A,0)

where the left-hand side of eq. ES-5.2 is the chi-square value per observation with k being the
total number of observations (large in all cases considered here), and p, (N(1+A,,0,)) the

cumulative density of observations within a certain interval of a normal distribution N(1,0,)
with mean unity and standard deviation o, the index i referring to the corresponding phase.

Note that although the ideal model distribution has an expectation of unity, one would allow
here a certain shift of the experimental distribution with respect to the model, namely A, , to

be interpreted as a persistent overall bias. The cumulative density of observations within a
defined class n, p, (N(1+A,,0),)), is

1.1
jN(l+Ai,6i,x)-dx Jor n=0

D, (N(A+A,,0,) = 1iai1y01 09 14+2:0.1 (ES-6)
J‘N(1+Ai,0'l.,x)-dx— jN(l+Ai,0i,x)-dx for n>0
1-(n+1)-0.1 1-n-0.1

The deviations A, in eq. ES-5.1 or eq. ES-5.2 (if not zero) reflect an (additional) shift of the

best fit to the experimental data from a distribution centred at the reference value(s). Zero bias
estimates would indicate that laboratory performance follows the ideal situation (with a
certain spread) for the corresponding phase, and the smallest standard deviation would
indicate that the performance of this time frame was the best attainable.

All other distributions (be this cumulative for phases two and one, or the analyte-per-analyte
distributions in the various phases) can now be assessed against the maximum (or best)
performance attained which is the one in phase three, i.e. the one after a quite considerably
long period of QA measures applied. This refers to both the combined for all analytes
distributions in the other phases, and the distributions attained analyte-per-analyte.

2
Assessment may easily be done by looking at the corresponding % value representing the

deviation of the actual distribution from the best attainable. It should be noted that these are
2
indistinguishable if the ’{7’ value remains below a value of roughly two. This is, in a
statistical sense, indeed a rough estimate since the chi-square values at a significance level of
0.05 and considerable large numbers of observations are smaller than 2’k and even smaller
than twice the number of degrees of freedom of the data set (which depends on how many
parameters are assessed using the same data set and may vary from k-1 to k-3). However, as
will be seen from the graphs depicted under clause S3, deviations of distributions (in
particular for the early phases) assume values well above 100 or even 1000 such that a
discussion of whether 1.69 or 2 is critical to make the deviations significant remains largely
obsolete.
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These approaches provide the answers to questions ii) and iii) as given above. Question 1) is
best answered by hierarchical cluster analysis and a discriminant analysis. In both cases, the
pattern p, (n) for the different analytes are considered objects belonging to group i, i.e. the
corresponding phase i. Cluster analysis will reveal similarities between the objects, and
discriminant analysis will show whether the manifold of objects in a group (phase) are
significantly different (by pattern) from the objects in another group.

S3.3. Results and Discussion
Results are ordered according to the questions raised under clause S1.
S3.3.1. Do the pattern differ within the various phases?

The result of a hierarchical cluster analysis of the object in groups 1 to 3 (phases one to three)
is shown in Figure S-4. The distance measure is Euclidean distance, and the linkage method
used is Ward.
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Figure S-4: Hierarchical cluster analysis of the pattern for the different analytes in phases
one to three.

Most of the objects (analyte pattern) from phase 1 are distant from the rest and form a
separate group at the top of the graph. The next agglomeration (downwards) is mainly formed
by objects from group 2, occasionally stained by objects from group 1 and 3, while the major
part of group 3 objects form a separate cluster at the bottom of the graph, again mixed with
some objects from group 2. This leads to the conclusion that the objects within every group
are closer to each other than any objects from other groups, all this with a certain overlap.
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The above is confirmed by a discriminant analysis of the objects in the three phases as shown

in Figure S-5.
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Figure S-5: Discriminant analysis of the pattern for the different analytes in phases one to
three.

The patterns differ between the various phases, with a significant difference of all patterns in
phase one with respect to the rest, but certain overlap exists. Pattern improvement will be
shown under clauses S3.2 and S3.3.

The main features revealed in the discriminant analysis could already be seen from the plot of
patterns in Fig. S-3 and coincide with the results of the cluster analysis (Fig. S-4).

S3.3.2. Is the most recent period in time the best one?

Eq. ES-5.2 (optimization criterion) and eq. ES-6 (cumulative class densities of the theoretical

distribution) are used to optimise a normal distribution against the experimental pattern within
2
the three phases, using the minimum % value as the fit criterion. This gives, for the two

parameters means and standard deviation fitted, the results summarised in table TS-1:

Table TS-1: Best-fit parameters mean and standard deviation for the regression of a normal
distribution to the experimental class densities

bias A; (%) s (%)
1997 - 2000 5.4 60.0
2001 - 2004 0.2 23.3
2005 - 2010 0.25 20.2

It is obvious that the best fit to the experimental class densities for time frames 3 and 2 has a zero bias,
demonstrating that the laboratory values are centred at the references and deviate from the reference
value randomly, but with different standard deviations. Phase three (2005 to 2010) has the smallest
standard deviation and therefore reveals the best laboratory performance. For phase one, the best fit to
the experimental class densities is still a normal distribution but with a persistent, overall bias against
the reference value of around 5.4 %, and a very large standard deviation, It was mentioned earlier that
the class density distributions for phase one remind a rectangular distribution rather than something
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pronounced with respect to the reference(s). Finally, phase three reveals not only the smallest
standard deviation, but a value of this standard deviation (20%).

S3.3.3. Do differences between analytes exist?

This question is answered by assessing the analyte-per-analyte distributions in the various
phases against the maximum (or best) performance attained which is the one in phase three,

1.e. the one after a quite considerably long period of QA measures applied. Assessment may
2

easily be done by looking at the corresponding 17’ value representing the deviation of the

actual distribution from the best attainable. It should be noted that these are indistinguishable

2
if the ;{7’ value remains below a value of roughly two. This is, in a statistical sense, indeed a

rough estimate since the chi-square values at a significance level of 0.05 and considerable
large numbers of observations are smaller than 2’k and even smaller than twice the number of
degrees of freedom of the data set (which depends on how many parameters are assessed
using the same data set and may vary from k-1 to k-3). However, as can be seen from graphs
S-6 (same as Fig.6 in the main body of the text), deviations of distributions (in particular for
the early phases) assume values well above 100 or even 1000 such that a discussion of
whether 1.69 or 2 is critical to make the deviations significant remains largely obsolete.
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Figure S-6: Per-analyte chi-square values for the deviation of observations within the defined
deviation classes 0 to 9 for the three phases from the best laboratory performance attained in
the third phase (2005 to 2010).

Figure S-6 clearly shows that

= the deviations of the class distributions are huge in phase one (1997 — 2000) and
reduce step-by-in the later phases
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= phase three doubtlessly represents the best laboratory performance not only on average
but analyte-by-analyte

= actually obtained distributions for certain analytes still differ from the ideal situation
to various extents: While all pattern in phase one are, beyond any doubt, far from
being acceptable for stating acceptable laboratory performance, all analyte pattern in
phase three show acceptably small deviations from the ideal situation, in some cases
even compatibility.

To summarise, laboratory performance pattern for the various analytes are (still) different
even in the last phase (2005 to 2010), a fact caused by technical reasons and the peculiarities
of the analytical technique(s). However, the huge disagreement between laboratories, and
with respect to the reference values could be substantially diminished over time.

S3.4. Concluding Remarks

All of the above data assessment and statistical tests, be this multivariate, analyte-by-analyte,
or average performance tests clearly indicate a significant improvement over time. Phase three
(2005 to 2010) nearly resembles an "ideal" model where the deviations of determinations by
field laboratories from the reference value follow a normal distribution with a standard
deviation of 20% which is regarded as satisfactory.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


