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1 INTRODUCTION

The Finnish Environment Institute carried out the proficiency test for the determination ofPAHs from
polluted soil in November 2005. The test was carried out in accordance with the international guideli
nes, ISO/IEC Guide 43 P, ILAC Requirements2,ISO/DIS 13 528 and IUPAC Recornmendations4.

2 ORGANIZING THE PROFICIENCY TEST

2.1 Responsibilities

Organizing laboratory:
Finnish Environment Institute (SYKE), Laboratory
Hakuninmaantie 6,00430 Helsinki
tel. +358 9 403 000, telecopy +358 9 4030 0890

The responsibilities in organizing the proficiency test were as follows:
Irma Mäkinen, SYKE, coordinator
Pirjo Sainio, analytical expert

2.2 Participants

In total, the sampies were delivered to 10 laboratories, from wbich two laboratories did not reported
the results (Appendix 1).

2.3 Sampies and their delivery

One synthetic sarnple (S 1) and one soil sample (Ml) was delivered to the participants. The sample Si
was synthetic and the sarnple M2 was a soil sample prepared by a German PT provider (Appendix 2).

The sampies were delivered on 29 November 2005 and they were asked to analyze before the 31
January 2006.

The results were asked to return before the 3 February 2006.

The preliminary lists ofthe results were delivered on 10 February 2006.

2.4 Comments sent by the participants

The participants sent comments on the resuit sheets and on their own results.
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2.5 Analytical methods

The standard for analysis ofPAHs from soil (ISO 18287) has been published in 20066. The standard
method is applicable for ali types ofsoil and it is based on extraction with acetone and petroleum ether.
Therefore the new standard method is not yet wideiy used. The method published by Nordtest (Report
TR 329) was used by few participants7.Some participants used their own “in house” methods (Appen
dix4).

The soi! sample was extracted using seven different solvents or soivent mixtures (Appendix 4). The mix
ture ofacetone and hexane or the mixture ofhexane and dichloromethane was most commorily used.
The sample intake of2 g —20 g was used. Extraction was carried out mainly by shaking or/and by
soxhlet. Only one participant (lab 3) used solely sonication for extraction ofthe soil sampie Ml.

PAHs were mainly measured by GC-MS- method. The iength ofthe column was 30 m except on the
laboratory 7, which used 60 m coiumn. One laboratory (iab 2) reported the results ofthe synthetic
sample S 1 using HPLC in measurement.

Several standards or standard mixtures were used as internal standards, which were mainly deuterated.

2.6 Data treatment

2.6.1 Testing of outliers and normality of data

The participants were requested to report the duplicate resuits. Measurement uneertainties were asked
to report for each resuit, too.

Before the statistical treatment, the data was tested according to Kolmogorov-Smimov normality test.
Outliers were rejected according to the Hampel test in calcuiation ofthe mean values. Aiso before cal
culation ofthe robust mean not more than one outiier, which deviated at least 50% ofthe robust mean4,
was rejected.

2.6.2 Assigned values and their uncertainties

The reported value for the reference material was used as the signed value in analysis ofthe synthetic
sample S 1. The provider reported that the expanded uncertainty is ±1.0% at the 95% confidence level.

The robust-mean was used as the assigned value in analysis ofthe soi! sample Ml (Appendix 2). The
assigned value can be regarded indicative in analysis ofbenzo(a)anthracene, benzo(k)fluoranthene, di
benzo(ah)anthracene, fluorene and naphthalene from the soil sample Ml because ofthe variation ofthe
results, the calculated uncertainty ofthe assigned value and the low number ofthe reported resuits. The
assigned values estimated in the SYKE PT were somewhat higher than the assigned va!ue in a German
test carried out in 2003, in which 59 laboratories were participated. In the SYKE PT the results obtai
ned by some laboratories from the synthetic sampie Si were higher (>10%) than the calculated con
centration, which might have had some effect on the results ofthe soi! sample Ml, too. Further, diiferen
ces in anaiytical methods can have had also an effect on the assigned values in two different PTs. The
HPLC technique is commonly used iii Germany in analysis ofPAHs. lii this PT the results ofthe soi!
sample Ml were obtained using the GC teehnique.

The uneertainty ofthe assigned values was calcuiated using the robust standard deviation. It varied from
8.8% to 60%, (at the 95% confidence interval) and it was iargest iii ana!ysis ofnaphthalene. In most
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cases the uncertainty was less than 25%. The uncertainty ofthe assigned value was high (60%) in analy
sis ofnaphthalene because ofa few results. However, the calculated assigned va!ue (0.097 mg/kg) was
close to the value reported in the German PT (0.118 mg/kg). In the final data treatment the performance
ofthe laboratories had not been evaluated in analysis ofnaphthalene from the soi! sample Ml.

2.6.3 Uncertainties reported by the participants

Most participants reported their measurement uncertainties (Appendix 6 and 7). In analysis ofthe soil
sample the uncertamties varied main!y from 25% to 40%, but a!so much higher uncertainties were re
ported. Ifthe laboratory reported same uncertainty for the samp!e S 1 as for the sample Ml, it seemed
to be too high for the sample S 1 (Appendix 7). On the other hand, m some cases the estimates for the
samp!e Ml seemed to be too low comparing with the performance ofthe laboratory.

There were not systematic differences between the uncertainties estimated by different procedures, e.g.
between the uncertainties estimated using the validation data or the Eurachem Guide8(Appendix 6).

2.6.4 Target value for total deviation

The target va!ue for the total deviation (Set %) used for calculation ofthe z scores was estimated on
basis ofPAH contents in the samp!e and the uneertainties ofthe assigned values. The was 20% in
ana!ysis ofthe synthetic sample Si and 30% or 40% in analysis ofthe soil sample Ml (at the 95% con
fidence interva!) except the results ofbenzo(k)fluoranthene. In this case the target value 50% was used.

2.6.5 Evaluation ofperformance

The performance evaluation was carried out by using the z seores. The z seores were calculated using
the following equation:

z = (x. - X)/s
where
x1 the reported value ofthe participant
X = the assigned value
s = the target total standard deviation (get)

z seores can be interpreted as fo!lows:

1 z f 2 “satisfied”results
2 < 1 z <3 “questionable” results
z 3 “unsatisfied” results.

The calcu!ated z seores are presented in the resu!ts ofeach participant (Appendix 9) and the summary
ofz seores is presented inAppendix 10. Explanations to terms are presented inAppendix 8.

3. RESULTS AND PERFORMANCE

3.1 Results

For the individual PAHs abbreviations explained inAppendix 2, have been used in the resuit sheet. Al!
results reported by the laboratories are presented inAppenclix 5. Statistical!y treated results for each la



7

boratory are presented inAppendix 9. The graphical presentations ofthe results and the uncertainty es
timations are presented inAppendix 7.

The results were asked to report as duplicates in analysis ofthe sample MI (Appendix 5). The repeata
bility (the within-laboratory standard deviation, s) ofPAHs varied from 2.9% to 15% and the reprodu
cibility (the between-Iaboratory standard deviation, s) was between 11% and 53% (Table 1), The ratio
s/s , a measure for the robustness ofthe methods used, was mainly higher than three in seven cases. It
was higher than four in case ofacenaphthalene, benzo(k)fluoranthene, fluoranthene, fluorene and pyre
ne. On the other hand, the within-laboratory standard deviation (s) was fairly high in analysisofnapht
halene. The ratio s/s should be between 2 and 3 for robust methods7.

Table 1. Results of the duplicate determinations (ANOVA statistics)

Analyte Sampie tJnit Ass. vai. Mean Md sw sb st W7o 1W57 •ii1 T?g
SD% of cepted.

iabs z-val %

A-naphthy Ml mg/kg 0266 0,2637 0,274 0,007627 0,05111 0,05168 • •iW
=“ T’’ ‘“

Acenaph Ml mg/kg 0.166 0,1737 0.164 0,006093 0,02218 0,023 1T •T •• •• 1
Anthrac Ml mgfkg 0,562 0,5531 0,56 0,03377 01255 0,13 •IT •• •W •7•

Benzo-A-P Ml mg/kg 315 3,197 2,96 0,295 0,7083 0,7673 ••T •• •• •• 1W
Benzo-ant Ml mglkg 3,36 3,403 3,52 0,2 0,5478 0,5832 •i T •Ö •• 9W
Benzo-B-F Ml mg/kg 3,69 3,817 3,81 0,4413 0,663 0,7965 •IT •T • •• W
Benzo-K-F Ml mg/kg 2,76 2,996 3,01 0,2568 1,293 1,318 • •W •• •W •••

Benzo-per Ml mglkg 2,09 2,077 2,18 0,2237 0,2231 0,3159 •1T 1T •T •• ••

Chrysene Ml mg/kg 3,21 3,349 3,17 0,2275 0,5277 0,5747 T •IT •• ••• •7•
Oibenz-ah Ml mg/kg 0,596 0,6049 0,635 0,08153 01382 0,1605 •1T T •W 1W

Fluoran Ml mg/kg 6,9 7,039 6,55 0,2176 1,359 1,377 •T •• •4• •• •W
Fluorene Ml mg/kg 0,215 0,2387 0,24 0,01941 0,07873 0,08108 T ••• •V •• •7• •7T
Indeno Ml mg/kg 2,27 2,291 2.2 0,227 0,4666 0,5189 •• •• •f•••
Napht Ml mg/kg 0,097 0.1017 0,1 0,01485 0,05212 0,05419 •i• T •• • ••• ••

Phenan Ml mgfkg 3,17 3,287 3,21 0,1265 0,3245 0,3483 •W W •ir ••••• •••• ••

Pyrene Ml mglkg 5,78 6,261 6,1 0,312 1,586 1,616 •1• • • ••7•
tot-PAH Ml mg/kg 37,7 38,79 37,8 1,934 7,39 7.639 •1• T •V •W •W ••

Ass. vai. - assigned value, Md - median, sw - repeatability standard error, sb - standard error between laboratories, st - reproducibility standard error

The robust standard deviation varied from 7.8% to 17.5% in analysis ofthe synthetic sample S 1 and
from 8.7% to 62% in analysis ofthe soil sample MI. It was highest in analysis ofnaphthalene(62%)
and benzo(k)fluoranthene (3 5%) from the soil sample Ml. In the PT results presented in the standard
ISO 18287 the results varied generally from 20% to 70% and the variation was highest in analysis of
naphthalene, acenaphthylene and/or dibenz(ah)antracene6.

The variation ofthe results can he also seen in the Figure 1. Most results are fairly comparable e.g. in
analysis ofbenzo(ghi)perylene and fluoranthene, but the results varied much more in analysis of
naphthalene. The values obtained by the laboratories 4 and 6 in analysis ofnaphthalene might have been
arisen from evaporation ofnaphthalene dunng the sample handling.
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Figure 1. Results m analysis ofbenzo(ghi)perylene, fluoranthene and naphthalene

Table 2. Summary of the proficiency test

Analyte Sampie Unit Ass. vai. Mean Mean rob. Md SD rob SD rob, Num. of 2Targ Ac
% iabs SD% cepted z

vai%

Acenaph Ml mg/kg 0,166 0.17 0.18 0.18 0.031 17,2 7 30 83
Si pglml 10 10.32 10.45 10.45 0.81 7,8 10 20 80

A.naphthy MI mg/kg 0,266 0.26 0.28 0.29 0.055 19,6 8 40 88
Si pg/mI 10 10.00 9.84 9.74 1.01 10,3 10 20 90

Anthrac Ml mg/kg 0,562 0.55 0.58 0.58 0.13 22,4 9 30 78
Si pglml 10 10.50 10.54 10.55 115 10,9 10 20 90

Benzo-ant Ml mg/kg 3,36 3.40 3.35 3.52 0.66 19,7 8 30 100
Si ig/mi 10 10.45 10.43 10.37 1.06 10,2 9 20 100

Benzo-A-P Ml mglkg 3.15 3.20 3.15 2.96 0.77 24,6 9 40 100
Si ig/mi 10 10.42 10.56 10.50 1.84 17,5 10 20 70

Benzo-B-F Ml mg/kg 3.69 3.82 3.78 3.81 0.69 18,2 8 30 88
Si Jg/mi 10 10.76 10.80 10.70 0.85 7,9 9 20 78

Benzo-K-F Ml mglkg 2,76 3.00 2.84 3.01 1.38 48,8 8 50 75
SI pglml 10 10.13 10.13 9.87 0.80 7,9 9 20 89

BenLo-per MI mg/kg 2,09 2.08 2.09 2.18 0.26 12,4 9 30 100
Si pg/mI 10 10.70 10.71 10.68 0.88 8,2 10 20 100

Chrysene MI mg/kg 3,21 3.35 3.31 3.22 0.44 13,4 9 30 78
Si pg?mi 10 10.22 10.45 10.25 1.45 13,9 10 20 80

Dibenz-ah Ml mglkg 0,596 0.60 0.60 0.64 0.17 28,6 8 40 88
S1 tjg)mi 10 10.47 10.35 10.21 1.15 11,1 10 20 90

Fluoran Ml mg/kg 6,9 7.04 7.23 6.68 1.62 22,4 9 40 89
Si pg/mi 10 10.62 10.62 10.35 1.34 12,6 10 20 80

Fluorene Ml mglkg 0,215 0.24 0.23 0.24 0.077 33,3 7 40 71
Si pg/mi 10 10.16 10.16 10.25 1.21 11,9 10 20 100

Indeno Ml mg/kg 2,27 2.29 2.27 2.20 0.56 24,6 9 40 100
S1 pg/mi 10 10.39 10.50 10.09 1.56 14,9 10 20 70

Napht Ml mglkg 0,097 0.10 0.097 0.10 0.061 62,4 7 50 33
Si jig/mi 10 9.80 9.92 10.17 1.42 14,4 10 20 90

Phenan Ml mglkg 3,17 3.29 3.17 3.20 0.34 10,9 9 30 89
Si pg/m 10 10.15 10.15 10.25 1.51 14,8 10 20 90

Pyrene Ml mglkg 5,78 6.26 6.03 6.10 1.35 22,5 9 30 78
S1 JgImI 10 10.55 10.54 10.25 1.27 12,1 10 20 80

tot-PAH Ml mg/kg 37.7 38.79 37.72 37.80 6.42 17 9 30 89
Si jiglmi 160 165.53 165.53 164.00 16.95 10,2 10 20 100

where

Ass. vai.

Mean

Mean rob

Md

SDrob

SDrob%
Num ofLabs
2*Targ. SD%

Accepted z-val%

the assigned value
the mean value

robust mean
the median value
the robust standard deviation
the robust standard deviation as percents
the number ofparticipants
the target total deviation (95% confidence interval)

Benzo(ghi)peryle ne

3

2,5

2

1,5
E

0,5

0

Etu oranthe ne

___

Iiiid
Lab

1 3 5 7 9

L ab

Naphthalene

0,18

0,16

0.14 - —--——---- —-

0,12

0,1

0,08

0,06

:‘

123456789

Lab

the satisfied z values: the results (%), where 1 z 1 2.
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3.2 Comments on the results

In analysis ofthe synthetic sample S 112% ofthe results were not satisfied (Appendix 10). In that case
the results deviated more than 20% from the assigned value probably because ofdifferences in calibra
tion and intemal standards. The laboratories 5 and 9 did not report in each case satisfied resuit for the
sample S 1. However, their results in analysis ofthe sample Ml were mainly satisfied maybe because of
the larger percent value ofthe target deviation. Also in the CoEPT Project for harmonization ofPT
organizing iii Europe fairly high standard deviations were obtained in analysis ofnaphthalene’°. In this
projeet the standard deviation ofthe results varied from 20% to 59%, when seven PT organizers repor
ted the results ofnaphthalene. The robust standard deviation ofthe SYKE PT data in this project in
analysis ofnaphthalene was 39%, when 19 laboratories reported the results10’11.

lii this PT the participants used seven different solvents or solvent combinations in extraction (Appendix
4). Sinee the ISO 18287 is new, any participants did not use the mixture ofacetone and petroleum ether
in the extraction as it is described in the standard method6.Acetone is an efficient extractant to break
down soil aggregates and petroleum ether increases the efficiency ofthe extraction. According to the re
port ofthe European projeet HORIZONTAL a polar solvent shouid be used m determination ofPAHs
because oftheir limited solubility in unpolar solvent12.The extraction ofPAHs from different matrices is
more crucial than the procedure and the extraction devices itself. The choice ofsoivents has to be made
in accordance with the expected contamination level and also to be applicable to the measurement pro
cedures. Only one laboratory (lab 3) used sonication in extraction, but it has not clearly effected on the
results(Appendix 9). The ISO 18287 recommends use a shaking machine for extraction6.

The length ofthe GC-column was 30 m except in the laboratory 7, which used the colunin with the
length of6O m. The used calibration range varied greatly from one laboratory to the other, but the num
ber ofcalibration points was at least four. Intemal standards (e.g. deuterated PAHs) were used for
quantification by GC-MS. The substance that is similar in physical and chemical properties (e.g. extrac
tion behaviour, retention time) to those ofcompounds to he analysed shall always he chosen to he as
the intemal standard. Since the properties of 16 PAHs in question varied a lot, it shall be more than one
intemal standard to give proper resuit and quality for ali PAHs also in difficuit cases.

The total PAH had been calculated as the sum ofeach 16 PAHs. The results ofthe total PAH agreed
rather well (Appendix 7). One laboratory (lab 1) had reported too high value.

3.3 Estimation of performance

In this PT test 87% ofthe participating laboratories reported satisfied results. This estimation was based
on the target value ofthe total deviation in calculating ofz seores at the 95% confidence interval. The
target value ofthe total deviation was 20% in analysis ofthe synthetic sample and from 30% to 50% in
analysis ofthe soil sample (Appendix 10). The laboratory performance did not he evaluated in analysis
ofnaphthalene from the soil sample because ofa few participants and the large uncertainty ofthe assig
ned value.

The participants used many different methods; in particuiar, different extraction soivents for analysis of
PAHs from soil and this might have had some eifeet on the variation ofthe results. The variation ofthe
results in analysis ofthe soil sample agreed well avariation in some international proficiency tests6’
The results varied also in analysis ofthe synthetic sample. Due to this variation some laboratories should
re-examine their calihrationproeedures. Use ofa sufficiently effective poiar solvent is crucial iii analysis
ofPAHs.
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Especially for slightly polluted soil sampies the use ofproper pre-treatment methods (extraction, cleanup
and concentration) affect to the quality ofresults in analysis ofPAHs from soils.

4 SUMMARY

The Finnish Environment Institute carried out theproficiency test for the determination ofPAHs from
polluted soil in November 2005. In total 11 laboratories participated in the proficiency test. Two labora
tories did not report the results.

One synthetic sample and one soil sampale were delivered to the participating laboratories.

The method published by Nordtest (Report TR 329), the draft standard ISO/DIS 18287 or their modi
fications were rather commonly used in analysis ofPAHs. The robust standard deviation varied from
7.8% to 17.5% in analysis ofthe synthetic sample and from 8.7% to 62% in analysis ofthe soil sample.
It was highest in analysis ofnaphthalene (62%) and benzo(k)fluoranthene (3 5%) in the soil sample. The
use ofdifferent methods or method variations mighthave had some effect on variation ofthe results.
There was a variation e.g. in extraction solvents and in intemal standards. Use ofa sufficiently effective
polar solvent is crucial in analysis ofPAHs from polluted soil.

In this proficiency test, the robust mean value was used as the assigned value. When the target value of
the total deviation was 20% for synthetic sample and from 30% to 50% for the soil sample in calculating
ofz scores at the 95% confidence interval, 87% ofthe participating laboratories reported satisfied re
sults.

Especially for slightly polluted soil sampies the use ofproper pre-treatment methods (extraction, clean
up and concentration) affect to the quality ofresults in analysis ofPAHs from soils.

5YHTEENVETO

Suomen ympäristökeskusjärjesti marraskuussa 2005 pätevyyskokeen 16 PAH -yhdisteen maan
seksi maasta. Pätevyyskokeeseen osallistui kaikkiaan 11 laboratoriota. Pätevyyskokeeseen ilmoittautu
neista laboratorioista kaksi ei palauttanut tuloksia.

Pätevyyskokeen näytteenä oli yksi synteettinen näyteja yksi maanäyte.

Analysoinnissa käytettiin useita menetelmiä, yleisimminNordtest -raportin TR 329 mukaistamenetelmää
tai standardiehdotuksen ISO/DIS 18287 mukaista menetelmää. Mm. maantykseen käytetty näytemää
rä, uuttoliuottimetjakalibrointiliuokset vaihtelivat eri laboratorioissa. Riittävän polaarisen liuottimenkäyt
tö on ensisijaisen tärkeää PAH -yhdisteiden uutossa maanäytteistä. Tulosten hajonta oli 7,8 % —17,5 %
eri PAH -yhdisteille synteettisen näytteen analysoinnissaja 8,7% -62 % maanäytteen analysoinnissa.
Tulostenhajonta oli suurin nafialeeninjabentso(k)fluoranteeninmaantyksessä. Tulostenhajontaa oli to
dettavissa myös synteettisen näytteen maantyksessä. Tulosten hajonta maanäytteen maantyksessä oli
kuitenkin samaa suuruusluokkaakuin kansainvälisissäpätevyyskokeissa.

Vertailuarvona käytettiin robusti-keskiarvoa. Tässä pätevyyskokeessa 87 % tuloksista oli tyydyttäviä,
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kun kokonaiskeskihajonnan tavoitearvona käytettiin synteettiselle näytteelle 20 %ja maanäytteelle 30 %
tai 40% lukuun ottamatta bentso(k)fluoranteenia,jolle tavoitearvoksi asetettiin 50% (95 % merkitsevyysta
so).

Etenkin vähän saastuneita maita analysoitaessa näytteen esikäsittelyllä (uutolla, puhdistuksellaja konsen
troinnilla) on vaikutusta PAH -tulosten laatuun.
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APPENDIX 2. SAMPLES

SamnleSl

The sample S 1 was a synthetic sample preparecl from the Dr. Ehrenstorfer Reference Materiais, from the the PAH Mix
9 including 16 US EPA PAH-components in eyclohexane (L 20950900CY) or in acetonitrile (L 20950900AL).

Concentration ofeach component was 10 ng/mI (mg/1). The uneertainty ofeach component was reported to be ±1%
at the 95% confidence level.

Sample M2

The sample Ml was the soil sample prepared by the a German PT provider and it was distributed in a German
proficiency test.

The robust mean ofthe results obtained in the SYKE PT 7/2005 was used as the assigned value for the sample
Ml.

PAII compound Abbreviation3 Assigned Assigned Uncertainty (U)
value value of the assgned value
in a German in the SYKE 1) (SYKE PT 7/2005)
PT PT7/2005

Naphtalene Napht 0,118 0,097 602)

Acenaphthene Acenaph 0,169 0,166 9,5
Acenaphthylene A-naphty 0,159 0,266 17
Fluorene Fluor 0,171 0,215 26
Phenanthrene Phenan 2,994 3,17 8,8
Anthracene Antrac 0,518 0,562 15
Fluoranthene Fluoran 6,562 6,90 16
Pyrene Pyrene 5,559 5,78 16
Chrysene Chrysene 3,073 3,21 7,2
Benzo(a)anthracene Benzo-ant 2,745 3,36 17
Benzo(b)fluoranthene Benzo-B-F 2,986 3,69 12
Benzo(k)fluoranthene Benzo-K-F 1,563 2,76 31
Benzo(a)pyrene Benzo-A-P 2,939 3,15 20
Dibeuz(ah)anthracene Dibenz-ah 0,478 0,596 25
Indeno(1,2,3- Indeno 2,039 2,27 20
c,d)pyrene
Benzo(ghi)perylene Benzo-per 2,089 2,09 11
Total PAIl tot-PAH 34,45 37,7 14

1) The uncertainty at 95 % confidence interval was estimated using the equation: U 2.1,23 rod”P (p = the number ofthe

participants)
2) The perfonnance has not been evaluated.
3) Abbreviations in the resuit sheets
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APPENDIX 3. COMMENTS SENT BY THE PARTICIPANTS

Comments on the reported results:

Lab 5: The laboratory explained reasons for slightly too high results in analysis ofthe sample S 1. The participant
suspected, that the use ofa too strong solution in measurement was the reason for too high values.

Lab 8: In the results sheet the results ofthe sample S 1 were asked to report as mg/ml. In order to avoid reporting
errors the new results sheets were delivered, in which the results were asked to report as mg/1.

Lab 9: The organizer used the wrong Finnish name for asenaphthene, it is “asenafteeni” instead of”asenaffleeni”.
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APPENDIX 5. RESULTS REPORTED BY THE LABORATORIES

Unit j’i ‘i 21 .3 4’;
A-naphthy Ml mg/kg 0490 0,401 1 0,306 0,320 1 0,274 1 0,24 0,26 1

S1 pg/mI 9,82 1 9,52 2 10,1 1 110,549 1 11,9 1 8,82 1
Acenaph Ml mg/kg ‘0,441 0,314 1 0,150 1 0,16 0,16 1

51 jgImI 10,10 1 10,14 2 10,5 1 11,011 1 12,4 1 8,82 1 1
Anthrac Ml mg/kg 0,980 1,12 1 0,300 0,320 1 0,518 1 0,55 0,58 i0,52 0,61 1 1Si pg/mI 9,21 1 8,28 2 10,9 1 11,165 1 12,4 1 10,17

Benzo-A-P Ml mg/kg 4,15 4,61 1 2,32 2,56 1 2,75 1 2,96 2,94 1 2,50 2,57 1
51 pg/mI 9,06 1 6,46 2 11,0 1 11,666 1 10,4 1 9,14 1

Benzo-ant Ml mg/kg 4,10 4,08 1 3,95 3,95 1 2,64 1 2,96 3,16 1 2,57 3,28 1
S1 jg/rnI 8,92 1 10,37 2 10,3 1 11,029 1 11,2 1 9,32 1

Benzo-B-F Ml mg/kg 4,04 4,69 1 3,18 3,11 1 3,81 1 3,77 3,87 1
51 jig/mI 9,56 1 10,22 2 10,7 1 11,261 1 10,6 1

Benzo-K-F Ml mg/kg 3,56 4,40 1 r3,o1 2,63 1 1,35 1 1,58 1.53 1 5,38 5,33 1
Si ig/mI 9,05 1 9,80 2 110,4 1 10,680 1 9,42 1 18,00 1

Benzo-per Ml mg/kg 2.27 2,18 1 2,03 1,95 1 1,89 1 2,31 2,46 1 1,83 1,75 1
S1 pg/mI 10,76 1 11,05 2 9,97 1 11,709 1 10,6 1 9,27 1

Chrysene Ml mg/kg 4,47 3,66 1 3,22 3,38 1 3,13 1 2,91 3,06 1 3,16 3,10 1
S1 pg/mI 8,90 1 9,28 2 10,2 1 10,941 1 11,5 1 9,23 1

Dibenz-ah Ml mg/kg 0,539 0,635 1 0,461 1 0,75 0,78 1 0,52 0,50 1
51 jg/mL 9,17 1 10,22 2 9,92 1 11,357 1 10,52 1 8,51 1

Fluoran Ml mg/kg 11,36 13,16 1 7,80 7,84 1 6,44 1 6,43 6,68 1 5,68 6,13 1
S1 pg/mI 9,99 1 9,57 2 10,6 1 11,026 1 12,2 1 9,23 1

Fluorene Ml mg)kg 0,339 0,403 1 0,186 1 0,24 0,24 1
Si jjq/mI 9,90 1 9,38 2 10,3 1 10,867 ljjl.8 1 8,51 1

Indeno Ml mg/kg 2,57 3,05 1 2,18 2,20 1 1,85 1 2,84 3,11 1 1,66 1,58 1
Si jqIm) 10,24 1 6,92 2 9,94 1 11,992 1 11,4 1 9,41 1

Napht Ml mg/kg 0.173 0,134 1 0,0466 1 0,03 0,04 1
Si pg/m 11,00 1 7,36 2 10,5 1 10,694 1 11,9 1 8,05 1

Phenan Ml mg/kg 3,92 3,56 1 3,10 3,21 1 2,95 1 3,21 3.26 1 3,18 3,20 1
Si jjq/m 9,35 1 9,24 2 10,2 1 10,829 1 12,4 1 8,33 1

Pyrene Ml mglkg 8,98 10.06 1 6,44 6,56 1 5,34 1 5,92 6,10 1 4,86 4,96 1
Si pg/mI 9,62 1 9,94 2 10,4 1 10,978 1 12,2 1 9,27 1

tot-PAH Ml mg/kg 52,4 56,5 1 37,8 38,0 1 33,8 1 36,8 38,1 1 32,53 33,71 1
SI ,ig/mI 154.68 1 147,82 2 166 1 177,75 1 183 1 144,11, 1

Analyte Sample Unt 7 8 9 10
A-naphthy , Ml mIkg 0,178 0,177 1 0,291 0,292 1 0,32 0,31 1 0,23 0,23 1

Si pgIm 9,66 1 9,34 1 12,1 1 8,20 1
Acenaph Ml mg/kg 0,164 0,150 1 0,205 0,204 1 0,19 0,18 1 <0,1 <0,1 1

S1 pq/mI 10,5 1 10,4 1 13,2 1 9,00 1
Anthrac Ml mg/kg 0,498 0,461 1 0,737 0,723 1 0,65 0,64 1 0,63 0,56 1

51 ,ig/mI 10,3 1 11,9 1 10,8 1 9,83 1
Benzo-A-P Ml mg/kg 2,51 2,30 1 3,48 3,53 1 4,09 3,99 1 4,06 3,03 1

51 pg/mI 10,3 1 12,4 1 10,6 1 13,2 1
Benzo-ant Ml mg/kg 2,80 2,69 1 3,55 3,52 1 3,92 3,87 1

Si pg/mI 9,94 1 12,0 1 11,0 1
Benzo-B-F Ml mg/kg 2,86 2,78 1 3,92 3,93 1 3,65 3,40 1 5,87 4,38 1

Si .ig/mI 10,2 1 12,5 1 11,0 1 20,5 1
Benzo-K-F Ml mg/kg 2,02 1,83 1 3,08 3,08 1 3,17 2,99 1

Si .ig/mI 9,87 1 12,0 1 9,84 1
Benzo-per Ml mg/kg 1,62 1,52 1 2,25 2,32 1 2,29 2,24 1 2,63 1,77 1

51 jg/m! 10,1 1 10,4 1 11,8 1 11,3 1
Chryserie Ml mg/kg 2.65 2,61 1 4,23 4,20 1 3,17 3,29 1 6,03 5,14 1

Si .ig/mI 10,3 1 12,2 1 9,45 1 19,7 1
Dibenz-ah Ml mg/kg 0,334 0,359 1 0,665 0,76 1 0,76 0,76 1 0,76 0,49 1

Si jg/mI 10,0 1 11,8 1 13,0 1 10,2 1
Fluoran Ml mg/kg 6,55 6,02 1 9,18 9,26 1 8,5 8,31 1 5,52 5,25 1

Si ig/mI 10,1 1 12,2 1 12.0 1 9,27 1
Fluorene Ml mg/kg 0,199 0,187 1 0,270 0,279 1 0,26 0,25 1 0,13 0,12 1

51 ijg/mI 10,2 1 10,9 1 11,1 1 8,61 1
Indeno Ml mg/kg 1,98 1,92 1 2,50 2.58 1 2,66 2,66 1 2,16 1,45 1

51 ,ig/mI 9,87 1 12,1 1 12,4 1 9,62 1
Napht Ml ‘ mglkg 0,0802 0,0794 1 0,174 0,152 1 0,11 0,10 1 <0,1 <0,1 1

SI pgIm 9,84 1 9,35 1 10,8 1 8,49 1
Phenan Ml mg/kg 3,02 2,77 1 3,81 3,82 1 3,08 3,21 1 2,17 2,19 1

S1 ig/m 10,3 1 11,8 1 10,6 1 8,49 1
Pyrene Ml mg/kg 5,35 4,95 1 7,55 7,56 1 6,33 6,63 1 4,57 4,28 1

Si Jg/mI 10,1 1 12,2 1 11,6 1 9,20 1
tot-PAH MI mg/kg 32,8 30,8 1 43,0 43,4 1 43,16 42,81 1 34.86 28,89 1

Si jjg/mI 162 1 183 1 181,3 1 155,6 1

Mälyte Sample

SYKE - Interlaboratory cornparison teot 7/2005
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APPENDIX 6. MEASUREMENT UNCERTAINTIES REPORTED BY THE PAR
TICIPANTS

Uncertainties were estimated using the procedures as follows:

Meth 1: usmg the variation ofthe results in X chart (for artificial sampies)
Meth 2: using the variation ofthe results in X chart and the variation ofthe replicates (r % - or R

chart)
Meth 3: using the variation ofthe data obtamed in analysis ofCRM
Meth 4: using the data obtained in method validation (and IQC)
Meth 5: using the EURACHEM- Guide “Quantifying Uncertainty inAnalytical measurements”
Meth 6: adapting the EURACHEM- Guide “Quanting Uncertainty mAnalytical measurements”

(e.g. pre-treatment, calibration, measurement)
Meth 7-8: otherprocedure
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APPENDIX 7. GRAPHICAL PRESENTATION OF THE RESULTS AND
THEIR MEASUREMENT UNCERTANTIES
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APPENDIX 8. EXPLANATIONS FOR THE RESULT SHEETS

Results of each varticipant

Anaiyte PAIIs
Unit mg/kg
Sampie The code of the sample
z-Graphics z score - the graphical presentation
z-value z-score, calculated as follows:

z = (x1 - X)/s, where
x1 = the resuit ofthe invidual laboratory
X = the reference value (the assigned value)
s = the target value for the total standard deviation

Outi test OK yes - the resuit passed the outlier test
H = Hampel test (a test for the mean value)
In addition, in robust statistics results deviating at least 50 % from the original robust
mean have been rejected.

Assigned value the reference value
2* Targ SD % the target total standard deviation (95 % confidence interval).
Lab’s resuit the resuit reported by the participant (the mean value of the replicates)
Md. Median
Mean Mean
SD Standard deviation
SD% Standard deviation, %
Passed The results passed the outlier test
Missing i.e. <DL
Num of labs the total number of the participants

Summary on the z scores

A - accepted ( -2 z 2)
p - questionable (2< z 3), positive error, the resuit > X
n - questionable (-3 z< -2), negative error, the resuit < X
P- non- accepted (z> 3), positive error, the resuit » X
N- non- accepted (z < -3), negative error, the resuit « X (X = the reference value)

Robust analysis

The items of data is sorted into increasing order, x1, x2, ..., x1,. . . ,x,
Initial values for x and s are calculated as:
X=medianofx1 (i=1 ...p)
s* = 1.483 median of x1 — x (i = 1

..
.p)

For each x. is calculated:
x= x*•q ifx1<x-cp
X.O= X+( ifx.>x+q
x. = x. otherwise

1 1

The new values of x and s are calculated from:
x= xiP

s’ =1.134(x* —x)2/(p—1)
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The robust estimates x* and s’ can be derived by an iterative calculation, i.e. by updating the values of x and s
several times, until the process convergenes.

Ref: Statistical methods for use m proficiency testing by interlaboratory comparisons, Annex C
(ISO/DIS 13528, Draft 2002-02-18)
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APPENDIX 9. RESULTS OF EACH PARTICIPANT

Analyte Unit Sample z-Graphics Z- vaIue OuV Assig- 2* Labs Md. Mean SD% Pas
-3 -2 -1 0 +1 +2 +3 test ned Targ resuit sed fai- sing of

OK value SD% ed J abs

Laboratoryi ..,. ...... ...
..

A-naphthy mg/kg Mi T• •W 0.266 40 0,4455 0,274 0,2637 T 7• T • •‘

1 pg/mI 51 -0,180 yes 10 20 9,82 9,74 10 1,237 12,3 10 0 0 10
Acenaph mg/kg Ml •W 0,166 r— 0,3775 0,164 0,1737 ÖT7 T3 r• •• •O••• •••

igImI 51 0,100 yes 10 20 10,10 10,4 10,32 1,058 10,2 9 1 0 10
Anthrac mg/kg Ml •W 53• • ‘f• 0,56 0,5531 o’TW U — r— — —

ig/mI 51 -0,790 yes 10 20 9,21 10,55 10,5 1,223 11,6 10 0 0 10
Benzo-A-P mglkg Ml i— 4W 4,38 2.96 3,197 Ö7 •• •• • ••

jg/mI Si -0,940 yes 10 20 9,06 10,5 10,42 1,908 18,3 10 0 0 10
Benzo-ant mg/kg Ml iW 4,09 3,52 •• 5•• • öO • •

pg!mI Si -1.080 yes 10 20 8,92 10,37 10,45 0,9689 9,3 9 0 0 9
Benzo-B-F mg/kg Ml • 3 4,365 3,81 T7 tg77Y — — — —

pg/mI S1 -0,440 yes 10 20 9,56 10,65 10,76 0,8792 8,2 8 1 0 9
Benzo-K-F mglkg Ml f7W 3.98 3,01

fO•OO •O g— — ö— —
pg/mI S1 -0,950 yes 10 20 9,05 9,855 10,13 0,9105 9 8 1 0 9

Benzo-per mg/kg Mi O1 • ‘• 2,225 2,18
•77O•O 5•Of• O•O

• •• ••• ••
ig/mI 51 0,760 yes 10 20 10,76 10.68 10,7 0,7994 7,5 10 0 0 10

Chrysene mglkg Ml T • 4,065 3,17 W• W i — — ö• •
pg/mI S1 -1,100 yes 10 20 8,90 10,2 10,22 1,134 11,0 9 1 0 10

Dibenz-ah mg/kg Ml -7 ö• 0.587 0,635 W•• ö
pgIm 51 -0,830 yes 10 20 9,17 10,21 1047 1,297 12,3 10 0 0 10

Fluoran mglkg Mi ‘• •W •• 4 12,26 6,55 fT • T• ö• •
pglml Si -0,010 yes 10 20 9,99 10,35 10,62 1,183 11,1 10 0 0 10

Fluorene mg/kg Ml Ö’T 0,371 0,24 07 ‘7 T• •• ö• 7••
Jg/mI 51 -0,100 yes 10 20 9,90 10,25 10,16 1,077 10,6 10 0 0 10

Indeno mg/kg Ml 7• 4• 2,81 2.2 T § 0 0 W
jg/mI S1 . 0,240 yes 10 20 10,24 10,09 10,39 1,655 15,9 10 0 0 10

Napht mglkg Ml 0T 50 0,1535 0,1 ci7• oT 50.9 • t• 1 T•
pglml Si 1,000 yes 10 20 11,00 10,17 9,798 1,456 14,8 10 0 0 10

Phenan mg/kg Ml iT TT • 3,74 3,21 ‘7 0,3381 T • r• —

pglm Si -0,650 yes 10 20 9,35 10,25 10,15 1,334 13,1 10 0 0 10
Pyrene mglkg Ml 41• &•• 3 9,52 6,1 t’• f7•• 2 W ö•• 5•• §•

.ig/mI Si -0,380 yes 10 20 9,62 10,25 10,55 1,138 10,7 10 0 0 10
tot-PAH mg)kg Ml ‘ 54,45 37,8

7•O•O

••••

O•O •O• ••O•

•• O••

ijgImI 51 -0,333 yes 160 20 154,68 164 165,5 14,94 9 10 0 0 10
Laboratory 2

A-naphthy pglml 51 — -Z 9,52 9,74 f7 T T Ö’• 6• T
Acenaph i.,gJmI S1

5•O•

••
.jO•••••

•• 10,14 10,4 f• l•O•• .•• ö— i—
Anthrac pg/mI SI •U - • 8,28 10,55 W— 1T •• •• •

Benzo-A-P pg/mI 51 •••• • J••• • 6,46 10,5 J4T f• T W— — — T
Benzo-ant pg/mI Si f • 10,37 10,37 d•O•O ••

OO• O•O•

Y
Benzo-B-F pg/mI Si I’•• 2• 10,22 10,65 f• 5•7• ••

•• •O• 5•••O •••

Benzo-K-F pg/mI S1 {•• • 9,80 9,855 1’T 0,9105 •• • f• W
•O•

Benzo-per pg/mI SI f•• • 11,05 10,68 TT 7 T ö•• Y• T
Chrysene pg/mI 51 -7• • i•• • 9,28 10,2 i5 1,134 1T •• •• T• T
Dibenz-ah pg/ml Si 3’— •• 2 10,22 10,21 T7 f7• T 5Hö ‘f•

Fluoran igImI 51 i’•’• • 9,57 10,35 i TTT T 0 0 10
Fluorene tjg/ml Si f••• 2 9,38 10,25 1T f7Y T’ 0 0 lio
Indeno .ig/mI Si 6,92 10,09 1—. W 0 0 0
Napht pglml Si 1 2 7,36 10,17 9,798 1,456 T 0 ‘o io

Phenan Jg/m Si 2 9,24 10.25 10,15 1,334 TT T 0 0 10
Pyrene pglml Si 5 9,94 10,25 10,55 1,138 W7 T 0 0 10
tot-PAN pg/mI 51 20 147,82 164 165,5 14,94 t T 0 0 10

Outlier test failed: C - Cohcran, Gi - Grubbs(1-outlier algorithm), G2 - Grubbs(2-outliers algorithm), H - Hampel, M - rnanual

SYKE - Interlaboratory Gompanson test 7/2005
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Analyte Unit Sample z-Graphics Z- valuel Outi Assig- 2* Labs1 Md. Mean ••‘E• SD%1 Pas- Outi. Mis
-3 -2 -1 0 +1 +2 3 test ned Targ resuit sed tai- sing of

OK value SD% Ied Iabs
‘ -— —

Laboratory 3
A.naphthy mg/kg Ml , 0,883 yes 0,266 4’(T 0,274 ‘0,2637 T r• T •‘•

pg/mI Si 0,100 yes 10 20 10,1 9,74 10 1,237 12,3 10 0 0 10
Acenaph pg/ml Si ö• — 10 • 10,4 10,32 T W T

•O• jO•

Anthrac mg/kg Ml -IV’ 0.562 i 1 0,56 0,5531 7 • T
pg!ml Si 0,900 yes 10 20 10,9 10,55 10,5 1,223 11,6 10 0 0 10

Benzo-A-P mg/kg Ml -tTT 3,15 4T 2T 2,96 T7 ö7 3 W • •

Jg/ml Si 1,000 yes 10 20 11,0 10.5 10,42 1,908 18,3 10 0 0 10
Benzo-ant mg/kg Ml i7 3,36 • 3,52 T W 0 0 i•

pg/mI SI 0,300 yes 10 20 10,3 10,37 10,45 0,9689 9,3 9 0 0 9
Benzo-B-F mglkg Ml -W 3,69 3,145 3,81 ‘T iE777

•O • •• O• ••O•

iig/ml Si 0,700 yes 10 20 10.7 10,65 10,76 0,8792 8,2 8 1 0 9
Benzo-K-F mg/kg Ml i5• 2,76 • 2,82 3,01 1,275

••O

W
•• •O••

pg/mt Si 0,400 yes 10 20 10,4 9,855 10,13 0,9105 9 8 1 0 9
Benzo-per mg/kg Ml 2.09 1,99 2,18 7Y 0,3113 W• ÖO

OOOO• •O••

pg!ml Si -0,030 yes 10 20 9,97 10,68 10,7 0,7994 7,5 10 0 0 10
Chrysene mglkg Ml OT j T 3,3 73.17 0,5583 T •• T •• •

pg/rnl Si 0,200 yes 10 20 10,2 10,2 10,22 1,134 11,0 9 1 0 10
Dibenz-ah ig/ml S 1 5 1 • 9,92 10,21 i• 1,297 T T• ö•• Ö•• T5
Fluoran mglkg Ml 07• 5 •• 4 7,82 6,55 f• 1,331 W T ‘• •

Jg/mI S1 , 0,600 yes 10 20 10,6 10,35 10,62 1,183 11,1 10 0 0 10
Fluorene pg/mt S1 i5• 5 i’—• 10,3 10,25 i• 1,077 T• •• ••

Indeno mg/kg Ml -T7• 2T’ 4• 2,19 2,2 0,5064 ! ö••• iY• •
pglrnl Si -0,060 yes 10 20 9,94 10,09 10,39 1,655 15,9 10 0 0 10

Napht pg/mI S1 (• - i•• 10,5 10,17 I7 1,456 T f5• 15• •• T
Pherian mglkg Ml -T - T7 • 3,155 3,21 3T 0,3381 T • T iY ••

igfm Si 0.200 yes 10 20 10,2 10,25 10,15 1,334 13,1 10 0 0 10
Pyrene mg/kg Ml 6,5 6,1 3T 1,57 9 • • §

iJg/ml Si 0,400 yes 10 20 10,4 10,25 10,55 1,138 10,7 10 0 Ö 10
tot-PAH mg/kg Ml 0E• 37,9 37,8 7,426 TT •• i5• 5• W

pglml Si 0,375 yes 160 166 164 165,5 14,94 9 10 0 0 10
Laboratory 4

A-naphthy mg/kg Ml i”• i5•” • 0,274 0.274 t5T 0,04969 1 7•• T •“ •

pglml Si 0,549 yes 10 20 10,549 9,74 10 1,237 12,3 10 0 0 10
Acenaph mg/kg Ml L5T • 0,150 0,164 i5T7 0,02178 4• T r• —

pglml Si .— 1,011 yes 10 20 11,011 10,4 10,32 1,058 10,2 9 1 0 10
Anthrac mg/kg Ml -3• t53• • 0,518 0,56 i5i 0,1259

7O O•O• r — w—
pg!ml Si - 1.165 yes 10 20 11,165 10,55 10,5 1,223 11,6 10 0 0 10

Benzo-A-P mglkg Ml -E T’ 2,75 2,96 ‘T7 0,7478 i• iT• i5• •
pglml Si 1,666 yes 10 20 11,666 10,5 10,42 1,908 18,3 10 0 0 10

Benzo-ant mg/kg Ml -T 5 • • 2,64 3,52 • 0,5658 •

•O•• ••• •••

ijglml Si ‘, 1,029 yes 10 20 11,029 10,37 10,45 0,9689 9,3 9 0 0 9
Benzo-B-F mg/kg Ml 0.217 W 3,81 3,81 37 0,7778

•O•

5•••
OOO•• ••

pglml Si ‘, 1,261 yes 10 20 11,261 10,65 10,76 0,8792 8,2 8 1 0 9
Benzo-K-F mglkg Ml -2,043

O ‘7W • 1,35 3,01 1,275 4• r•• ö••• l•O•

pg/ml SI 0,680 yes 10 20 10,680 9,855 10,13 0,9105 9 8 1 0 9
Benzo-per mglkg Mi -0,638 2’ • 1,89 2,18 77 0,3113 • •• • w••

pglml Si 1,709 yes 10 20 11,709 10,68 10,7 0,7994 7,5 10 0 0 10
Chrysene mg/kg Ml -0,166 T 3,13 t3.l7 0,5583 r•iOOO

•
rO•O•

5OOO•• •••

pglml Si 0,941 yes 10 20 10,941 10,2 10,22 1,134 11,0 9 1 0 10
Dibenz-ah mg/kg Ml -1,133 5 (• • 0,461 0.635 0,1565

•O• ••• •O••

•••
pglml Si ‘, 1,357 yes 10 20 11,357 10,21 10,47 1,297 12,3 10 0 0 10

Fluoran r mg/kg Ml -0.333 5 t 6,44 6,55 1,331 T
pglrnl Si ‘, 1,026 yes 10 20 11,026 10,35 10,62 1.183 11,1 10 0 0 10

Fluorene mg/kg Ml -0,674 0T 0,186 0,24 Ör 007809 2’T T ••• ••• ••

ig/mI Si 0,867 yes 10 20 10,867 10.25 10.16 1,077 10.6 10 0 0 10
Indeno mg/kg Ml -0,925 5 1,85 2,2 ZT 0,5064 T ••

lOO•

OOO••

W
jglml S1 1.992 yes 10 20 11,992 10,09 10,39 1,655 15,9 10 0 0 10

Napht mg/kg Ml -2.078 0,0466 0.1 0,05186
fO 7•O••

pg/ml Si 0,694 yes 10 20 10,694 10,17 9,798 1,456 14,8 10 0 0 10
Phenan mglkg MI -0.463 2,95 3,21 0,3381 W ö

Jg/m Sl 0,829 yes 10 20 10,829 10,25 10,15 1,334 13,1 10 0 0 10
Pyrene mg/kg , Ml -0,507 5,34 6,1 &T 1,57

OO•

••

igImt Sl 0,978 yes 10 20 10,978 10,25 10,55 1,138 10,7 10 0 0 10
tot-PAH mg/kg Ml -0.690 j 5 33,8 37,8

7O•

7,426 , W
pglml Si 1,109 yesIl6O 20 177.75 164 165,5 14.94 9 10 0 0 10

luther test failed: C - Cohcran, Gi - Grubbs(1 -outhier atgorithm), G2 - Grubbs(2-outtiers algonthm), H - Hampel, M - manual

SYKE - lnterlaboratory compar,son test 7/2005



41 APPENDIX 9/3

Analyte Unit Sample z-Graphics Z- value Outi Assig- 2 Lab’s •E Mean SD% Pas- . ij
-3 -2 -1 0 +1 +2 +3 test ned Targ resuit sed fai- sing of

1
OK value SD% led labs

Laboratory__5
A-naphthy i.iglml Si 1,900 “ •• • 11.9 7• 10 T7• • • • !
Acenaph pglml Si 2,400 1’ • 12,4 W 10,32 TY T :T•’• i•• tY• •
Anthrac mglkg Ml 0,036 ‘j 33T • 0,565 tW 0,5531 •i• 7 O••

jO••
1OO•

•OO••

pglml Si 2,400 yes 10 20 12,4 10,55 10,5 1,223 11,6 10 0 0 10
Benzo-A-P mglkg Ml -0,318 4• 2,95 3197 3 • Y• cT— W•

jg/mI Si 0.400 yes 10 20 10,4 10,5 10,42 1,908 18,3 10 0 0 10
Benzo-ant mglkg Ml -0,595 ‘j • • 3,06 T 3,403 ÖF W ••

OO• ••• •••

pglml 51 1,200 yes 10 20 11,2 10,37 10,45 0,9689 9,3 9 0 0 9
Benzo-B-F mg/kg Ml 0,235 • T 3,817 I5777 l c5••

pg?mI Si 0,600 yes 10 20 10,6 10,65 10,76 0,8792 8,2 8 1 0 9
Benzo-K-F mglkg Ml -1,746 • 2,76 Zi• i’• 3’T 2,996 i’• • ir t5•• g

jg/mI S1 -0,580 yes 10 20 9,42 9,855 10,13 0,9105 9 8 1 0 9
Benzo-per mg/kg Ml 0,941 2,09 • 2,077 I5TT T • • 3••• O•••

.igImI 51 0,600 yes 10 20 10,6 10,68 10,7 0,7994 7,5 10 0 0 10
Chrysene mglkg Ml -0,467 3,21 • 3,17 3,349 03T T • T L W

pglml SI 1,500 yes 10 20 11,5 10,2 10,22 1,134 11,0 9 1 0 10
Dibenz-ah mg)kg Ml 1,418 0,596 I 0,635 0,6049 JT 2 W Y•

pg/mI Si 0,520 yes 10 20 10,52 10,21 10,47 1,297 12,3 10 0 0 10
Fluoran mg/kg Ml -0,250 6,9 4• 6,55 7,039 fT • L

iigImI Sl 2,200 yes 10 20 12,2 10,35 10,62 1,183 11,1 10 0 0 10
Fluorene ig/mI 51 1,800 j 10 2 ITW 10,25 1T 177 T T

O•

5O••

jO•

Indeno mg/kg Ml 1.553 2,27 4 7• 2,2 2T 2T W •

pg/mI S1 1,400 yes 10 20 11,4 10,09 10,39 1,655 15,9 10 0 0 10
Napht pg/mI Si 1,900 10 2 1T 10,17

OOOO• jO• •• OO•• ••• jO•

Phenan mg/kg MI 3,17 äW • 3,21 7 tT f W f • •

pglm Si 2,400 yes 10 20 12,4 10,25 10,15 1,334 13,1 10 0 0 10
Pyrene mg/kg Ml 5,78 W tT 6,1 1 25.0 W ö• • •

pg/mI S1 2,200 yes 10 20 12,2 10,25 10,55 1,138 10,7 10 0 0 10
tot-PAH mglkg Ml -W 37,7 75 37,8 W 7W TT W

i.jgImI S1 : 1,438 yes 160 20 183 164 165,5 14,94 9 10 0 0 10

Laboratory 6
A-naphthy mglkg Ml -‘r 0.266 4 0,25 0,274 1r i’’ T T “‘ •‘“

pglml Si -1,180 yes 10 20 8,82 9,74 10 1,237 12,3 10 0 0 10
Acenaph mg/kg Ml -T 0,166 3 0,16 0,164 IYTT oT7 TYS 4• •• T• 7

pglml S1 -1,180 yes 10 20 8,82 10,4 10,32 1,058 10,2 9 1 0 10
Anthrac mglkg Ml 0,565 0,56 Ö3T• öTW 2Y • • • •

pglml Si 0,170 yes 10 20 10,17 10,55 10,5 1,223 11,6 10 0 0 10
Benzo-A-P mg/kg M1 • 4 2,535 2,96 TT 0’7W 2 • 0 • •

pg/mI S1 -0,860 yes 10 20 9,14 10,5 10,42 1,908 18,3 10 0 0 10
Benzo-ant mg/kg MI V 2,925 3,52

jO•O •••

O•

O•OO• O•O•

pglml Si -0,680 yes 10 20 9,32 10,37 10,45 0,9689 9,3 9 0 0 9
Benzo-K-F mg/kg Ml 3YT 27• 5 5,355 3,01 2W Y• 4 r— • •• w•

pg!mI Si 8,000 H 10 20 18,00 9,855 10,13 0,9105 9 8 1 0 9
Benzo-per mg/kg Ml -T W 1,79 2,18 ff I5TW R

pglml S1 -0,730 yes 10 20 9,27 10,68 10,7 0,7994 7,5 10 0 0 10
Chrysene mglkg Ml -TW 3,13 3,17 :3• T • • • •

pglml Si -0,770 yes 10 20 9,23 10,2 10,22 1,134 11,0 9 1 0 10
Dibenz-ah mglkg Ml -7Y 4W 0,51 0,635 ÖT 7•• •• •• ••• •

pg/mI S1 -1,490 yes 10 20 8,51 1021 10,47 1,297 12,3 10 0 0 10
Fluoran mglkg Ml -7T 4 5,905 6,55 ? 18,9

pglml Si -0,770 yes 10 20 9,23 10,35 10,62 1,183 11,1 10 0 0 10
Iuorene mglkg Ml OT 4 0,24 0,24 L2W ö709 7 7

pg/ml Si -1,490 yes 10 20 8,51 10,25 10,16 1,077 10,6 10 0 0 10
Indeno mg/kg Ml ZY 4 1,62 2,2 2T

jg/ml Si -0,590 yes 10 20 9,41 10,09 10,39 1,655 15,9 10 0 0 10
Napht mg/kg Ml ? 0,035 0,1 JTiT 586

•O ••• •OO•

r•• r
pg/ml Si -1.950 yes 10 20 8,05 10,17 9,798 1,456 14,8 10 0 0 10

Phenan mglkg Ml 7 3 3,19 3,21 7 L5T 1 W
g/m Si -1,670 yes 10 20 8,33 10,25 10,15 1,334 13,1 10 0 0 10

Pyrene mglkg Ml -1,003 yes 5,78 .30 491 6,1 6,261 1,57 25,0 9 0 0 9
pg/ml Sl -0,730 yes 10 20 9,27 10,25 10,55 1,138 10,7 10 0 0 10

tot-PAH mg/kg Ml -T 33,12 37,8 1T W
iJgImI S1 -0,993 yes 160 20 144,11 164 165,5 14,94 9 10 0 0 10

luther test failed: C - Cohcran, Gi - Grubbs(1-outlier algorithrn), G2 - Grubbs(2-outhiers algorithm), H - Hampel, M - manual
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Outher test fatIed: C - Cohcran, G1 - Grubbs(1-outlier aigorithm), G2 - Grubbs(2-outiiers aigorithm), H - Harnpel, M - manual

Analyte tinit SampIe fl z-Graphics Z- value Outi Assig- 2* Lab’s Md. SD SD% Pas- ii
-3 -2 -1 0 +1 +2 +3 test ned Targ resuit sed fai- sing of

OK value SD% cd Iabs

Laboratory 7
A-naphthy mglkg MI -0T 5 0,266 ÖT77 0,274 3T 0,04969 18,8

7•
T 5

pglmi Si -0,340 yes 10 20 9,66 9,74 10 1,237 12,3 10 0 0 10
Acenaph mglkg Ml -T •j 0, 166 JOT7 0,164 i5]7T 0,02178 T ‘ •• T

.ig/mI Si 0,500 yes 10 20 10,5 10,4 10,32 1,058 10,2 9 1 0 10
Anthrac mg/kg Ml ö. ö• Ö3W 0,1259 Y 1 0 •

pglml Si 0,300 yes 10 20 10,3 10,55 10,5 1,223 11,6 10 0 0 10
Benzo-A-P mglkg Ml -9T 4 2,405 • 3T7 0,7478 2 • •

ig/mi Si 0,300 yes 10 20 10,3 10,5 10,42 1,908 18,3 10 0 0 10
Benzo-ant mg/kg Ml •T •‘ EW ‘• 2,745 Y 3,403 0,5658 !‘E W• W•• 5OO••

pg)mi Si -0,060 yes 10 20 9,94 10,37 10,45 0,9689 9,3 9 0 0 9
Benzo-B-F mg/kg Ml -T7T 2,82 3,817 0,7778 •• •••• ••••

pg/mI S1 0,200 yes 10 20 10,2 10,65 10,76 0,8792 8,2 8 1 0 9
Benzo-K-F mgfkg Ml •TW ‘W • 1,925 ‘T 2,996 1,275 • W 5

pg/mI Si -0,130 yes 10 20 9,87 9,855 10,13 0,9105 9 8 1 0 9
Benzo-per mglkg Ml -TW .W • 1,57 TW 2,077 0,3113 I•

OO• O•• •O••

WO

pg/mi S1 0,100 yes 10 20 10,1 10,68 10,7 0,7994 7,5 10 0 0 10
Chrysene mglkg Ml • 3,21

•

7••O

3.349 0,5583 fT - r— Y•
pg/mI S1 0,300 yes 10 20 10,3 10,2 10,22 1,134 11,0 9 1 0 10

Dibenz-ah mg/kg Ml -• 0,596 • 0,6049 0,1565 2T •• ‘•

5OOO- O••

ig/mI S1 0,000 yes 10 20 10,0 10,21 10,47 1,297 12,3 10 0 0 10
Fluoran mglkg Ml •W 6,9 V t3• 7,039 iW 1 i• t5• W•

ig/mi Si 0,100 yes 10 20 10,1 10,35 10,62 1,183 11,1 10 0 0 10
Fluorene mg/kg Ml -‘TT 0,215 • Ö• 5 0,2387 Ö79 S7 7• 5••• ••• r••

pg/mI Si 0,200 yes 10 20 10,2 10,25 10,16 1,077 10,6 10 0 0 10
Indeno mglkg Ml -0,705 ‘ 2,27 • i• •• 2,291

OO

JOO- 5••
OOO- •••

pg/mI S1 -0,130 yes 10 20 9,87 10,09 10,39 1,655 15,9 10 0 0 10
Napht mg/kg Ml -0,709 0,097 5• Ö7 0,1 0,1017 ÖS

•••

ÖOO••
j•O••

7O•••

pg/mi Si -0,160 yes 10 20 9,84 10,17 9,798 1,456 14,8 10 0 0 10
Phenan mgIk9 Ml -0,578 3,17

• 3,21 3,287 tT T •• i•• i

pg/m S1 0,300 yes 10 20 10,3 10,25 10,15 1,334 13,1 10 0 0 10
Pyrene mglkg Ml -0,727 5,78 i5• 6,1 6,261 TT t• Ö •••

pg/mI S1 0,100 yes 10 20 10,1 10,25 10,55 1,138 10,7 10 0 0 10
tot-PAH mg/kg Ml , -1,043 37.7 • 37,8 38,79 TT JO• • Ö• •••

pg/mi S1 0,125 yes 160 20 162 164 165,5 14,94 9 10 0 0 10
Laboratory__8

A-riaphthy mg/kg Ml 0.479 0,266 • öT’ 0,274 0,2637 J’ T r’• r S’ ••

pgfml S1 -0,660 yes 10 20 9,34 9.74 10 1,237 12,3 10 0 0 10
Acenaph mg/kg Ml 1,546 5 0,166 0,164 0,1737 L5T T3 4•• — 7•

tJg/mi Si 0,400 yes 10 20 10,4 10,4 10,32 1,058 10,2 9 1 0 10
Anthrac mg/kg Ml 1,993 0,562 57• 0,56 0,5531 iT9 t’• T• ö•• •

pglmi Si 1,900 yes 10 20 11,9 10,55 10,5 1,223 11,6 10 0 0 10
Benzo-A-P mg/kg Ml 0,564 3.15 4 2,96 3,197 ö77’ 3 JO• J• (5•• •

pg/mi Si 2,400 yes 10 20 12,4 10,5 10,42 1,908 18,3 10 0 0 10
Benzo-ant mglkg Ml 0,347 ‘ 3,36 ‘• ‘•• 3,52 3,403 tW T t• tY L

OOO

pg/mi Si 2,000 yes 10 20 12,0 10,37 10,45 0,9689 9,3 9 0 0 9
Benzo-B-F mg/kg Ml 0,425 3,69 3 3,81 3,817 5TT7W t• tY• t5• A

pg/mI S1 2,500 yes 10 20 12,5 10,65 10,76 0,8792 8.2 8 1 0 9
Benzo-K-F mg/kg Ml 0,464 2,76 3,01 2,996

jOO7OO•O

;O••

5•O• (5•OOO O••

igImi S1 2.000 yes 10 20 12.0 9,855 10,13 0,9105 9 8 1 0 9
Benzo-per mg/kg Ml 2,09 2,18 2,077 03TT JO• tY Ö• •

Jg/mI Si 0.400 yes 10 20 10,4 10,68 10,7 0.7994 7,5 10 0 0 10
Chrysene mg/kg Ml T• 3.21 4T 3,17 3,349 i5 T J• jO•

yO• •O•

pglml SI 2,200 yes 10 20 12,2 10,2 10,22 1,134 11,0 9 1 0 10
Dibenz-ah mg/kg Ml 0,596 4 7’T 0,635 0,6049 5’ • t5•• 5•••

O•••

pg/mI Si 1,800 yes 10 20 11,8 10,21 10,47 1,297 12,3 10 0 0 10
Fluoran mg/kg Ml j 6,9 Y 6,55 7,039 i3 T t f tY ‘

pg/mI Sl 2,200 yes 10 20 12,2 10,35 10,62 1,183 11,1 10 0 0 10
Fluorene mg/kg Ml j 0,215 4 0,24 0,2387 c579 7 f

pgImi S1 0,900 yes 10 20 10,9 10,25 10,16 1,077 10,6 10 0 0 10
Indeno mglkg Ml 2,27 4 2,2 2,291 ‘T JO

Jg/mI 51 2,100 yes 10 20 12,1 10,09 10,39 1,655 15,9 10 0 0 10
Napht mg/kg , Ml Z7 0,097 0,1 0,1017 T86 5 1

pg!mI Si -0,650 yes 10 20 9,35 10,17 9,798 1,456 14,8 10 0 0 10
Phenan mglkg Ml i’ j 3,17 W 3T 3,21 3,287 ö’T T

•

O•

5OO••• OO••

pg/m S1 1,800 yes 10 20 11,8 10,25 10,15 1,334 13,1 10 0 0 10
ryrene mg,g Mi ,U4( yes 5,(Ö U 7,555 ,1 5,251 1,51 25,0 9 0 0 9

pglml Si 2,200 yes 10 20 12,2 10,25 10,55 1,138 10,7 10 0 0 10
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yes 5-:78 iu 4,4D b,i O,O1 1( Z,U U
yes 10 20 9,20 1025 10,55 1,138 10,7 10 0

Outlier test failed: C - Cohcran, Gi - Grubbs(1-outlier algorithm). G2 - Grubbs(2-outliers atgorithm), H - Hampel, M - manual

Analyte Unit Sample z-Graphics Z- value Outi Assig- 2* Lab’s Md. Mean SD 50% Pas- Ö.
-3 -2 -1 0 ÷1 +2 ÷3 test ned Targ result sed fai- sing of

OK value SD% Ied Iabs

tot-PAH mg/kg Ml 0,973 37,7 5 43,2 37,8 38,79 6 WT OO OOOO OO

Laboratory 8
tot-PAH pg/ml Si 1 1,438 160 3 4 55 [iT r

Laboratory 9
A-naphthy mglkg Ml 0,92 1 0,266 4 0,315 0,274 5’7 7•” T • t•

pg/ml Si 2,100 yes 10 20 12,1 9,74 10 1,237 12,3 10 0 0 10
Acenaph nig/kg Ml 0,763 0,166 • 0,185 o]7T d’7 T’ ‘ T• T 7••

pg/ml Si 3,200 H 10 20 13,2 10,4 10,32 1,058 10,2 9 1 0 10
Anthrac mg/kg Ml 0,645 W’ W

iJgfml Si 0,800 yes 10 20 10,8 10,55 10,5 1,223 11,6 10 0 0 10
Benzo-A-P mglkg Ml U 4 4,04 • TT-• d7• 0 0 •

pg/ml Si 0,600 yes 10 20 10,6 10,5 10,42 1,908 18,3 10 0 0 10
Benzo-ant mg/kg Ml t’— • 3 3,895 0,5658 iT’ W ö•• ‘• W

pg/ml S1 1,000 yes 10 20 11,0 10,37 10,45 0,9689 9,3 9 0 0 9
Benzo-B-F mg/kg Ml -‘ W• ‘• 3,525 3,817 0,7778 W ••

••• OOO••

pglml Si 1,000 yes 10 20 11,0 1065 10,76 0,8792 8,2 8 1 0 9
Benzo-K-F mg?kg Ml Ö• • 3,08 2.996 1,275 • ö• •

pg/ml S1 -0,160 yes 10 20 9,84 9,855 10,13 0,9105 9 8 1 0 9
Benzo-per mg/kg Ml L5 5 ‘ 2,265 2,077 0,3113 ‘•• •

jjg/mI Si 1,800 yes 10 20 11,8 10,68 10,7 0,7994 7,5 10 0 0 10
Chrysene mg/kg Ml i5’T •j T 3•5• 3,23 17 3,349 0,5583 W ‘• T

OO• •O••

pg/ml Si -0.550 yes 10 20 9,45 10,2 10,22 1,134 11,0 9 1 0 10
Dibenz-ah mg/kg Ml Ö3W • 0,76 t5’• 0,6049 0,1565

•O OO••

5•• ••• r•
pg/ml Si 3,000 yes 10 20 13,0 10,21 10,47 1,297 12,3 10 0 0 10

Fluoran mg/kg Ml tT LW 4• 8,405 t• 7,039 1,331 W’ T • ••

pg/ml 51 2,000 yes 10 20 12,0 10,35 10,62 1,183 11,1 10 0 0 10
Fluorene mg/kg Ml t5• 5 ÖT 4• 0,255 c5•• 0,2387 0,07809 Y 7•

• O•• r
pg/ml Sl ‘, 1,100 yes 10 20 11,1 10,25 10,16 1,077 10,6 10 0 0 10

Indeno mg/kg Ml Ö’• •j T’ 4• 2,66 T•• 2,291 0,5064 T •‘• ••

O•

W
pg/ml Si 2,400 yes 10 20 12,4 10,09 10.39 1,655 15,9 10 0 0 10

Napht mg/kg Ml 03 “ t7 0,105 ÖT 0,1017 0,05186 ••

O•• •O•• 7O•••

.JgIml Si 0,800 yes 10 20 10,8 10,17 9,798 1,456 14,8 10 0 0 10
Phenan mg/kg Ml -• i7• • 3,145 T 3,287 0,3381

OO• O•• ••• O•••

pglm Si 0,600 yes 10 20 10,6 10,25 10,15 1,334 13,1 10 0 0 10
Pyrene mg/kg Ml o7 - • 6,48 ti•• 6.261 1,57 W• IY• •• W

igIml S1 1,600 yes 10 20 11,6 10,25 10,55 1,138 10,7 10 0 0 10
tot-PAH mg/kg Ml t5• • 7• • 42,98 38,79 7,426 fT •• • IY• W

pg/mI Si 1,331 yes 160 20 181,3 164 165,5 14,94 9 10 0 0 10

LaboratorylO
A-naphthy mg/kg Ml -77 G• 0,23 i5’7 0,2637 0,04969 f’ •‘• i• Y• ‘•

pg/ml 51 -1,800 yes 10 20 8,20 9,74 10 1,237 12,3 10 0 0 10
Acenaph mg/kg Ml — •W i5•’ • <0,1 0,1737 0,02178

O•O

4•O• T•• f
ig!m! Si -1,000 yes 10 20 9,00 10,4 10,32 1,058 10,2 9 1 0 10

Anthrac mg/kg Ml 0’’ ÖY— • 0,595 c5’ 0,5531 0,1259 T • ••• •• •••

pg/ml S1 -0,170 yes 10 20 9,83 10,55 10,5 1,223 11,6 10 0 0 10
Benzo-A-P mg/kg Ml G7• 4 3,545 3,197 0,7478 • 5••

O•O• •O••

pgfml S1 3,200 yes 10 20 13,2 10,5 10,42 1,908 18,3 10 0 0 10
Benzo-B-F mg/kg Ml •‘• • 5,125 T 3,817 0,7778 • ‘• ö• r••

JgIml S1 10,500 H 10 20 20,5 10,65 10,76 0,8792 8,2 8 1 0 9
Benzo-per mg/kg Ml I5T •• • 2,2 ZTW’• 2,077 0,3113 1’

•O•

••

•OO• OO••

iig/ml S1 1,300 yes 10 20 11.3 10,68 10,7 0,7994 7,5 10 0 0 10
Chrysene mglkg Ml 4• •W T • 5,585 T 3,349 0,5583

•O• r•• JOO••

WO••

pg/ml S1 9,700 H 10 20 19,7 10,2 10,22 1,134 11,0 9 1 0 10
Dibenz-ah mg/kg Ml Ö’ 0,625 0,6049 0,1565 ‘ 5 ••• •••

pg/mI Si 0,200 yes 10 20 10,2 10,21 10,47 1,297 12,3 10 0 0 10
Fluoran mglkg Ml -T 5,385

•O

7.039 1,331
O•O •••

TOO••

•O••

ig/mI Si -0,730 yes 10 20 9,27 10,35 10,62 1,183 11,1 10 0 0 10
Fluorene mg/kg Ml -‘ ‘j T’ 4 0,125 ö 0,2387 0,07809 T ‘

.ig/ml S1 -1,390 yes 10 20 8,61 10,25 10,16 1,077 10,6 10 0 0 10
Indeno mg/kg Ml -T 1,805 T 2,291 0,5064 2T •• 5••

••• •OO••

pg/ml Sl -0,380 yes 10 20 9,62 10,09 10,39 1,655 15,9 10 0 0 10
Napht mglkg Ml — o7 5 <0,1 5T 0,1017 0,05186 5

••

T•• 7
jjglml S1 -1,510 yes 10 20 8,49 10,17 9,798 1,456 14,8 10 0 0 10

Phenan mg/kg Ml ‘ir T’ 2,18 T 3,287 0,3381 r ö
igIm Si -1,510 yes 10 20 8,49 10,25 10,15 1,334 13,1 10 0 0 10

ryrene mg/kg
pg/ml

Ml
Si

-1,563
-0,800

u
0 10
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Analyte Unit Sample z-Graphics Z- value Outi Assig- 2 Labs Md. Mean SD SD% Pas- 1 Outi. Mis- Num
-3 -2 -1 0 +1 +2 +3 test ned Targ resuit sed tai- sing of

OK value SD% led Iabs

tot-PAH mg/kg [ Ml 11-1030 j yes 37,7 30 3188 137.8 13879 17426 19.1 9 0 0 9
Laboratory 10

tot-PAH J9/ml Si 1-0275 yes1l6O 120 155,6 164 l655 l° 0 0 10

Outlier test failed: C - Cohcran, Gl - Grubbs(1-outlier algorithm), G2 - Grubbs(2-outliers algorithm), H - Hampel, M - manual
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APPENDIX 10. SUMMARY OF z SCORES

aiek. 4:. 6 :89 1O%: L’t

A-naphthy Ml P A A A A A A A 88
Sl A A A A A A A A p A 90

Acenaph Ml P A A A A A 83
Si A A A A p A A A P A 80

Anthrac Ml P n A A A A A A A 78
Si A A A A p A A A A A 90

Benzo-A-P Ml A A A A A A A A A 100
Si A N A A A A A p A P 70

Benzo-ant Ml A A A A A A A A 100
S1 A A A A A A A A A 100

Benzo-B-F Ml A A A A A A A p 88
Si A A A A A A p A P 78

Benzo-K-F Ml A A n A P A A A 75
Si A A A A A P A A A 89

Benzo-per Ml A A A A A A A A A 100
Si A A A A A A A A A AlOO

Chrysene Ml A A A A A A p A P 78
Si A A A A A A A p A P 80

Dibenz-ah Ml A A A A ri A A A 88
Si A A A A A A A A p A 90

Fluoran Ml P A A A A A A A A 89
51 A A A A p A A p A A 80

Fluorene Ml P A A A A A n 71
S1 A A A A A A A A A A 100

Indeno Ml A A A A A A A A A 100
S1 A N A A A A A p p A 70

Napht Ml p n n A p A 33
51 A n A A A A A A A A 90

Phenan Ml A A A A A A A A n 89
Si A A A A p A A A A A 90

Pyrene Ml P A A A A A p A A 78
51 A A A A p A A p A A 80

tot-PAH Ml p A A A A A A A A 89
S1 A A A A A A A A A A 100

% 76 82 97 94 83 91 97 74 88 75

Accredited yes yes yes

A - accepted (-2 Z 2), p - questionable (2 <Z 3), n - questionable (-3 Z < -2), P - non-accepted (Z> 3), N - non-accepted (Z < -3),

%*
- percentage of accepted results

Totally accepted, % In ali: 86 in accredited: 81
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Abstract The Finnish Environment Institute carried out the proficiency test for the determination of

PAHs from polluted soil in November 2005. In total 1 1 laboratories participated in the profi
ciency test. Two laboratories did not report the results.

One synthetic sample and one soil sample were delivered to the participating laboratories.

The method published by Nordtest (Report TR 329), the draft standard ISOiDIS 18287 or their
modifications were rather comrnonly used m analysis of PAHs. The robust standard deviation
varied from 7.8% to 17.5% in analysis of the synthetic sample and from 8.7% to 62% in analy
sis of the soil sample. It was highest in analysis of naphthalene (62%) and
benzo(k)fluoranthene (35%) in the soil sample. The use of different methods or method varia
tions might have had some effect on variation of the results. There was a variation e.g in extrac
tion solvents and in intemal standards. The use of a sufficiently effective polar solvent is cru
cial in analysis ofPAHs from polluted soil.

In this proficiency test, the robust mean value was used as the assigned value. When the target
value of the total deviation was 20% for synthetic sample and from 30% to 50% for the soil
sample in calculating of z scores at the 95% confidence interval, 87% of the participatmg labo
ratories reported satisfied results. Performance in analysis of naphthalene had not been evalua
ted. The SYKE proficiency test for analysis of PCB compounds from polluted soils was carried
out for the second time. The results were fairly satisfactory in analysis of most PCB congeners,
when_compared_with_some_international_comparisons

Keywords PAH-compounds, polluted soils, environniental laboratories, proficiency test, interlaboratory
comparisons
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PAH-yhdisteet maasta
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Tiivistelmä Suomen ympäristökeskus järjesti marraskuussa 2005 pätevyyskokeen 16 PAH -yhdisteen määrit

tä-miseksi maasta. Pätevyyskokeeseen osallistui kaikkiaan 11 laboratoriota. Pätevyyskokeeseen
il-moittautuneista laboratorioista kaksi ei palauttanut tuloksia.

Pätevyyskokeen näytteenä oli yksi synteettinen näyte ja yksi maanäyte.

Analysoinnissa käytettiin useita menetelmiä, yleisimmin Nordtestin raportin TR 329 mukaista
menetelmää tai standardiehdotuksen ISO/DIS 18287 mukaista menetelmää. Mm. määritykseen
käytetty näytemäärä, uuttoliuottimet ja kalibrointiliuokset vaihtelivat eri laboratorioissa. Riittä
vän polaarisen liuottimen käyttö on ensisijaisen tärkeää PAH -yhdisteiden uutossa maanäytteistä.
Tulosten hajonta oli 7,8 % — 17,5 % eri PAH -yhdisteille synteettisen näytteen analysoinnissa ja
8,7 % - 62 % maanäytteen analysoinnissa. Tulosten hajonta oli suurin naftaleenin ja bentso(k)
fluoranteenin määrityksessä. Tulosten hajontaa oli todettavissa myös synteettisen näytteen mää
ri-tyksessä. Tulosten hajonta maanäytteen määrityksessä oli kuitenlcin samaa suuruusluokkaa
kuin kansainvälisissä pätevyyskokeissa.

Vertailuarvona käytettiin robusti-keskiarvoa. Tässä pätevyyskokeessa 87 % tuloksista oli tyydyt
tä-viä, kun kokonaiskeskihajonnan tavoitearvona käytettiin synteettiselle näytteelle 20 % ja maa
näyt-teelle 30 % tai 40 % lukuun ottamatta bentso(k)fluoranteenia, jolle tavoitearvoksi asetettiin
50 % (95 % merkitsevyystaso). Suoriutumiskykyä naftaleenin määrityksessä maanäytteestä ei
arvioitu.

Asiasanat PAH -yhdisteet, saastuneet maat, ympäristölaboratoriot, pätevyyskoe, laboratorioiden välinen
vertailukoe
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PAH-fbreningar av jord
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Sammandrag Under november 2005 genomf&de Finlands Miljöcentral en provningsjämförelse, som

omfattade bestämningen av 16 PAI-I föreningar av jord.

Ett syntetisk prov och efl jord prov hade sent till laboratorier.

Olika analysmetoder hade användts för PAH analys. Huvudsakligen de var baserade sig på
Nordtest metod (Rapport 329) eller standardförslaget ISO/DIS 18287. 1 särskildt, extraktion
lösningar och kalibreringlösningar varierade i olika labortorier.

Som referensvärde (the assigned value) användes det teoretiska värdet (syntetiska provet) eller
robust-medelvärdet (jordproven). Resultaten värderades med hjälp av z-värden. Beräkningen av
z-värdena baserade sig pä totalavvikelser, som sattes till 20 % (syntetiska provet) och till
30 % - 50 % (jordprovet) på 95 % sannolikhetsnivå.

1 denna provningsjämförelse, 87 % av resultatena var tillfredsställande 1 analys av PCB 101,105,
1 18 och 138 i jordprovena resultatena var mest tillfredsställande. Bestämningen av PCB 28 och
52 såg ut att vara mest kritisk. Kompetens i bestämningen av naftalen av jordprovet hade inte
evaluerats.

Nyckelord PAH, jord proven, provningsjämförelse, miljölaboratorier
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