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1 INTRODUCTION 

Analyses for oil in soil are used for decision-making in soil remediation activities: where 
to remove soil and what type of deposit to use for the contaminated soil. A large num-
ber of samples are analysed, and the results of analyses have considerable impact on 
contractors' use of machines and vehicles to remove the soil and for the cost of han-
dling and depositing the contaminated soil.  

Analyses for oil in soil also give response for hydrocarbons from humus and other natu-
rally occurring organic substances in soil. Most methods do not give clear guidance on 
interpretation of results when hydrocarbons of natural origin are present. The level of 
co-determination of naturally occurring hydrocarbons in such samples therefore de-
pends on an interpretation performed at each laboratory. 

In many cases of oil contamination in soil, decision-makers will also need to know the 
concentration of polycyclic aromatic hydrocarbons (PAH). The method in use until now 
in Denmark /1/ as well as ISO/DIS 16703:2003 /3/ do not include PAH. The Danish 
method is furthermore limited to hydrocarbons up to 35 carbon atoms. This means that 
heavy oils such as lubricating oils are not fully recovered by the method. 

Based on these considerations, the Danish Environmental Protection Agency funded a 
project to develop an improved method for oil and oil components in soil. AnalyCen 
A/S, Denmark carried out the project in 2002 - 2003. A modification of ISO/DIS 
16703:2003 was developed and tested in AnalyCen's laboratory /2/.  

The present report describes a test of the method in an interlaboratory study. The 
original interlaboratory study performed in 2004 showed the need for supplementary 
studies. The supplementary study was performed in 2005. The present report includes 
results from both studies. 
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2 BACKGROUND 

The project financed by the Danish Environmental Protection Agency for improvement 
of a method for analysis of mineral oils in soil /2/ had as its objective to find a method 
suitable for analysis of n-alkanes ranging up to C40. This included development of stan-
dardised quantification of markers for hydrocarbons of petrogen and natural origin. 

The method used till now in Denmark for analysis of oil in soil is a method from the En-
vironmental Protection Agency's Reference Laboratory /1/. The principle of this method 
is addition of a 0.05 M sodium pyrophosphate solution, extraction by pentane by shak-
ing for 16 hours, followed by gaschromatographic (GC) determination of benzene, tolu-
ene, ethylbenzene, and xylenes (BTEX), total hydrocarbons and hydrocarbon fractions 
in the range from C6H6 to C35. Quantification of hydrocarbons uses selected specific 
hydrocarbons as calibrants. 

The project for improvement of a method for mineral oils in soil identified the draft stan-
dard, ISO/DIS 16703 /3/ as the best option to form the basis for the improved method. 
ISO/DIS 16703 uses acetone and heptane (with other non-polar solvents as option) for 
extraction, extraction for 1 hour, cleaning of the extract and GC determination of hydro-
carbons from C10 to C40. The calibrant is a mixture of two different types of mineral oil. 

2.1 Present quality of analysis 

The present Danish method /1/ for analysis of oil in soil has been used in proficiency 
tests since 1999. Most participants used this method. The general quality of analysis as 
shown in these proficiency tests therefore can be assumed to reflect the performance 
that can be obtained using this method. The samples for the proficiency tests were 
dried, crushed and sieved. The samples were tested for homogeneity and found to be 
homogeneous. Sample-to-sample variability therefore contributes insignificantly to the 
quality of analyses. The quality of analyses obtained in the proficiency tests is shown in 
Table 1. 

The data are collected into one measure of precision for each parameter. This can be 
done because the relative standard deviation (CV) shows no connection to the concen-
tration of the samples. This is clearly the case for total hydrocarbons (C6H6 - C35) and 
hydrocarbon fractions and for relative repeatability standard deviation (CVr) for BTEX. 
The relative reproducibility standard deviation (CVR) for BTEX har a tendency for higher 
values at lower concentrations. However, there are only 4 samples analysed for these 
parameters and the tendency is not pronounced. Therefore it is chosen to show the 
overall standard deviations for all parameters. 

Table 1 Quality of analyses in recent proficiency tests /4/, /5/, /6/. 

Parameter Concentration 
mg/kg 

No of  
laboratories

Recovery, 
% 

No. of 
samples

CVr, 
% 

CVR, 
% 

No. of 
samples

Period 

Benzene 0,1 - 0,4 13 - 18 90 4 5 27 4 1999 - 2003
Toluene 0,2 - 0,9 13 - 24 98 4 5 23 4 1999 - 2003
Ethylbenzene 0,1 - 0,4 13 - 16 93 3 4 15 3 2001 - 2003
Xylenes 0,08 - 1,5 12 - 17 100 4 5 21 4 1999 - 2003
>C10 - C25 30 - 530 10 - 24 101 1 8 39 9 1999 - 2003
>C25 - C35 20 - 2100 11 - 24 115 1 5 37 9 1999 - 2003
C6H6 - C35 50 - 2300 13 - 24 113 1 5 37 9 1999 - 2003
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For comparison, the results of an intercomparison exercise for ISO 16703:2001 are 
shown in Table 1. 

Table 2 Results of a validation interlaboratory intercomparison for ISO 16703:2001 /3/ 

Parameter Concentration 
mg/kg 

No of  
laboratories 

CVr, 
% 

CVR, 
% 

No of 
samples 

Period 

C10 - C40 1983 25 7.2 35.8 1 2002 
 

The quality of analyses obtained using ISO 16703:2001 /3/ and the Danish method /1/ 
are very similar as seen in Table 1 and Table 2. 

2.2 Procedure for mineral oil and oil components in soil 

The project undertaken by AnalyCen A/S /2/ gave rise to a procedure for analysis of to-
tal hydrocarbons, hydrocarbon fractions, BTEX, PAH, and markers for content of min-
eral oil (Annex A). The procedure is based on ISO/DIS 16703:2001. It will hereafter be 
named ISO 16703mod.   

The developments performed in the project modified ISO/DIS 16703 and added quanti-
fication of a number of parameters. The main modifications are: 

• Pentane is substituted for heptane to allow co-determination of BTEX in the same 
extract as total hydrocarbons. ISO/DIS 16703 includes the use of non-polar sol-
vents other than heptane as an option. This modification is therefore covered by the 
present ISO/DIS. 

• The amount of sample is increased from 20 g to 60 g and the amount of pentane is 
doubled.  It should be noted that the project took place in 2002 and the beginning of 
2003. A new version ISO/DIS 16703 was published after finishing the project. In the 
new (2003) version both acetone and heptane volumes are doubled compared to 
the previous version (2001). The present version of the Danish method therefore 
uses a larger amount of sample and a smaller volume of acetone compared to the 
version of ISO/DIS 16703 published in August 2003. The Danish project showed 
that the precision was improved and the recovery unchanged when using the larger 
amount of sample. 

• The time for extraction was increased from 1 hour (½ hour in ISO/DIS 16703:2001) 
to 12 - 16 hours to improve recovery. 

• The clean-up procedure was made more simple: The Danish method removes ace-
tone by shaking once with water in the extraction vessel used during ace-
tone/pentane extraction. The soil is still present during this procedure. ISO/DIS 
16703 removes acetone by shaking the organic phase twice with water in a separa-
tory funnel. In ISO/DIS the polar compounds (including some PAH) are removed on 
a Florisil column, whereas no column clean-up is used in the Danish method. Delet-
ing the column clean-up and making water extraction more simple improved recov-
ery of hydrocarbons, and quantification of PAH in the same extract is possible. 

• Quantification of hydrocarbons is done using a mixture of two mineral oils as the 
calibrant (ISO/DIS 16703) or selected specific compounds (Danish modified 
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method). The change of calibrants is done because Danish experience shows re-
producibility to be improved. 

• ISO/DIS 16703 covers analysis of all hydrocarbons in the boiling point range from 
175°C to 525°C, between n-alkanes C10 and C40, provided that they are not ad-
sorbed on the Florisil column during the clean-up procedure. Quantification of min-
eral oil is described. The modified method specifies quantification of total hydrocar-
bons, hydrocarbon fractions and BTEX by GC with flame ionisation detection (FID). 
Furthermore the method includes quantification of PAH and BTEX using GC with 
mass spectrometric detection (MS) and single ion monitoring (SIM) as well as 
quantification of alkyl naphthalenes, alkyl phenanthrenes, hopanes, specific n-
alkanes, pristane and phytane by GC-MS in Scan-mode. 

2.3 Validation ISO 16703mod - mineral oil in soil 

The improved method for analysis of mineral oil in soil was validated in the laboratories 
of AnalyCen A/S.  The validation study included one sample at low concentration, i.e. 
less than 5 times the limit of detection, and 3 samples at higher concentration levels. 

Table 3 Results of validation of ISO 16703mod - mineral oil in soil /2/. 

Parameter Range of ap-
plication mg/kg

Recovery, 
% 

CVr,  
% 

CVR*,  
% 

   low** high** low** high** 
C6H6 - C40 20 - 5000 105 12 8 19 12 
Benzene 0,01 - 3,33 112 3 5 9 9 
Toluene 0,01 - 3,33 111 7 5 24 9 
Ethylbenzene 0,01 - 3,33 110 4 6 17 12 
m+p-Xylene 0,01 - 3,33 114 6 5 10 7 
o-Xylene 0,01 - 3,33 114 5 5 12 9 
BTEX, average  112 5 5 14 9 
Fluoranthene 0,005 - 3,33 105 10 13 12 20 
Benzo(b+j+k)fluoranthene 0,005 - 3,33 97 7 6 10 18 
Benzo(a)pyrene 0,005 - 3,33 99 6 12 9 19 
Indeno(1,2,2-cd)pyrene 0,005 - 3,33 104 12 14 18 21 
Dibenz(a,h)anthracene 0,005 - 3,33 108 33 16 50 24 
PAH average  100 12 10 19 17 
* Intermediate measure of reproducibility (laboratory reproducibility). 
** concentration in samples. 
 

Comparing the precision in this validation study to that obtained using the present Dan-
ish method and ISO 16703:2001 as shown in Table 1 and Table 2 it seems that the re-
peatability relative standard deviation is higher in the validation study than in the two in-
tercomparison studies. The reason is probably that the validations study was 
performed on wet samples that were homogenised whereas the proficiency tests giving 
the results in Table 1 were performed on dried, crushed and sieved samples. It is prob-
able that this is reflected in the repeatability standard deviation obtained in the valida-
tion study. This standard deviation is probably more realistic for normal analyses than 
that from previous proficiency tests since it includes sub-sampling uncertainty. 

Reproducibility standard deviations are smaller than those from the intercomparison 
exercises shown in Table 1 and Table 2 as would be expected since it includes only 
within laboratory variability. 
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3 PREPARATIONS FOR METHOD EVALUATION STUDY 

An invitation to participate in the method evaluation study for ISO16703mod was sent to 
24 laboratories in Denmark, Finland, Norway and Sweden. The invitation was distrib-
uted on 30 January 2004, requesting laboratories to respond by 13 February 2004. The 
invitation included an overview of the plans for the method evaluation study and a ref-
erence to the Reference Laboratory's home page, where the ISO 16703mod procedure 
could be found. Twelve laboratories agreed to participate. However, one later cancelled 
its participation and one received the samples but did not send results. The method 
evaluation study therefore had 10 participants. Names of the participating laboratories 
are shown in Annex B. The laboratories are from Denmark, Finland, Norway and Swe-
den. 

Samples were sent to the laboratories on 20 April 2004. Accompanying the samples 
were: details of the method evaluation study, result forms, list of method identification 
numbers and a table showing the empty weight of sample glasses to allow calculation 
of sample weight. The information distributed is shown in Annex C. 

The samples were distributed in the glass vessels to be used for extraction as de-
scribed in the method (Annex A). 

Participants sent the result forms to KPMG, an independent firm of accountants, who 
added identification code numbers to result forms and cut off participant identification 
before handing over the results to the Reference Laboratory. The deadline for submis-
sion of results was 10 May 2004. All data were received by 14 May. 

3.1 Preparatory investigations 

The Reference Laboratory has held a number of interlaboratory studies for hydrocar-
bons in soil and therefore only limited investigations were needed before the method 
evaluation study. All previous interlaboratory studies had been made using dried, 
crushed and sieved materials. In the present method the sampling is done in the ves-
sels to be used for extraction. Furthermore, experience from previous interlaboratory 
studies showed that wetting of the dried, fine-grain materials could be difficult. It was 
therefore decided to distribute samples without drying, except for one sample, which 
was re-use of a sample from an earlier proficiency test. 

One preparatory investigation was therefore to test a method for preparation of homo-
geneous samples from field-moist soil. 

It was planned to spike mineral oil directly into the extraction vessels before distributing 
the samples. The spiking techniques was tested. 

In previous interlaboratory studies, the participants themselves have spiked volatile 
substances to the weighed sample immediately before analysis. Distributing the sam-
ples in the extractions vessels gave the opportunity for spiking the samples before dis-
tribution, thereby removing the possible effect of differences in spiking technique but 
adding the risk of loss of volatile compounds in the period from preparation to analysis. 
The recovery and variability of BTEX from spikes into the extraction vessels was there-
fore tested.  
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3.1.1 Preparation of field-moist samples 
The preparation of samples in field-moist condition was tested using soil later to be dis-
tributed in the method evaluation study as sample G. 

The procedure for preparation of field-moist samples distributed in extraction vessels is 
described in Annex E. The analyses were done using the method used in Denmark un-
til now to because of the Reference Laboratory's long experience with this method and 
therefore expected optimal quality of analyses. 

Since samples are prepared in the extraction vessels it is not possible to perform re-
peated analysis of each sample container to obtain the repeatability standard deviation 
for comparison to the between vessel standard deviation. The relative repeatability 
standard deviation is therefore assumed to be in the order of 5% as shown in section 
2.1 above. 

Results of analysis of 12 out of 24 samples prepared to test the procedure for prepara-
tion of field-moist samples containing mineral oil contamination are shown in Annex D. 

An overview of the average and standard deviation for total hydrocarbons and hydro-
carbon fractions are shown in Table 4. 

Table 4 Results of test for preparation of field-moist sample with mineral oil contamination. 

Parameter Average, mg/kg ww CV 
C6H6 - C10 < 2,5  
>C10 - C25 428 5% 
>C25 - C35 58 10% 
C6H6 - C35 488 5% 

 

Table 4 shows that for total hydrocarbons (C6H6 - C35) and the major fraction, the rela-
tive standard deviation (CV) is 5% and thus the same as the expected repeatability 
standard deviation. For the fraction >C25 - C35 the standard deviation is higher but not 
unreasonably so and since the other parameters show a low standard deviation, it is 
concluded that the samples are homogeneous.  

The procedure for preparation of field-moist samples was therefore adopted in the 
interlaboratory comparison. 

3.1.2 Spiking with mineral oil 
In previous interlaboratory comparisons bulk sample were spiked with mineral oil and 
mixed before filling the sample into containers for distribution to participants. This was 
not considered feasible using field-moist samples and it was decided to spike a mineral 
oil solution individually into each sample container.  

This procedure was tested by spiking a sample with no detectable hydrocarbon content 
with a mixture of diesel and heavy fuel oil to a concentration of 236 mg/kg. The results 
of analysis of 10 samples prepared are shown in Annex D. 

A summary of the results is shown in Table 5, which also shows the result of a control 
sample prepared for the same spiking solution as the soil samples but with no soil in 
the extraction vessel. The results in Annex D show that one sample has a considerably 
higher result for the fraction >C25 - C35 and thus for total hydrocarbons than the remain-
ing samples. Since the very high result is for one fraction only which is not probable, 



 

 

 3-3 
 

were the spiking different from the rest, it is concluded that this result is an analytical 
outlier. Table 5 therefore shows results when this sample is excluded from calculations.  

Table 5 Results from spiking with mineral oil (237 mg/kg). 

Parameter Average, mg/kg ww Recovery CV 
C6H6 - C10 6  34% 
>C10 - C25 95  5% 
>C25 - C35 75  5% 
C6H6 - C35 175 74% 5% 
Control sample:    
C6H6 - C35 178 78%  

 

It appears that the sample is homogeneous since the relative standard deviations are 
not higher than the expected relative repeatability standard deviation (5%). The high 
standard deviation for the fraction C6H6 - C10 is taken only as a result of the low con-
centration. Limit of detection for this fraction is 2,5 mg/kg. 

3.1.3 Spiking with volatile components 
The procedure for spiking of BTEX to the samples was tested in two steps. The first 
samples were spiked and the lid closed immediately after spiking. When the test 
showed unsatisfactory results (Table 6) the procedure was changed to spiking through 
the membrane in the lid of the sample container, stabilisation of the spike overnight fol-
lowed by changing of the membrane.  

Table 6 Results of spiking with BTEX (0,25 mg/kg per component) directly into sample con-
tainer. 

 Average result ± 95% confidence interval 
 17 March 23 March 26 March 
Benzene 0,16 ± 0,01 0,15 ± 0,07 0,12 ± 0,03 
Toluene 0,18 ± 0,003 0,17 ± 0,08 0,15 ± 0,03 
Ethylbenzene 0,19 ± 0,003 0,18 ± 0,08 0,16 ± 0,03 
m+p-Xylene 0,19 ± 0,003 0,18 ± 0,07 0,16 ± 0,03 
o-Xylene 0,20 ± 0,006 0,20 ± 0,06 0,18 ± 0,03 

 

Table 6 shows that the recovery of all BTEX is low, ranging from 64% - 48% for ben-
zene to 80% - 72% for o-xylene. As would be expected, the recovery is lower for the 
more volatile components. The spiking procedure was therefore changed as described 
above. The results of the improved spiking procedures are shown in Table 7. 

Table 7 Results of spiking with BTEX (0,25 mg/kg per component) through the membrane 
in the lid of the sample container. 

 Average result ± 
95% confidence 
interval 

Recovery CV 

 26 March   
Benzene 0,20 ± 0,03 80% 9% 
Toluene 0,22 ± 0,02 88% 6% 
Ethylbenzene 0,22 ± 0,02 88% 5% 
m+p-Xylene 0,22 ± 0,02 88% 5% 
o-Xylene 0,24 ± 0,002 96% 0,6% 
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The recovery using this procedure is much improved and the relative standard devia-
tion between sample containers is at the level expected. This procedure was therefore 
adopted for preparation of samples for the method evaluation study. 

3.2 Sample preparation 

The samples for the method evaluation study were prepared in the period from 14 to 19 
April 2004.  

The basis for spiked samples was a sandy clay soil collected from a cliff on the shore 
of Lillebælt where erosion from the sea lays bare the subsoil and keeps plants from 
growing. Thereby the soil is expected to contain no or next to no humic substances. A 
check of the soil prior to sample preparation showed that all hydrocarbon fractions 
were below the limit of detection. It Table 8 below this sample is named blank soil. 

The sample preparation is described in detail in Annex E. Sample preparation for the 
supplementary study is described in the report from the proficiency test that was con-
ducted in parallel to the method evaluation study /10/. An overview of samples from 
both studies is shown in Table 8.  Samples with the suffix “2” are from the supplemen-
tary study. 

Table 8 Samples for the method evaluation study. 

Sample Description 
A Blank soil spiked with individual compounds: alkanes, BTEX, PAH, naphthalenes, 

phenanthrenes, pristane, phytane, 17α(H),21β(H)-hopane. 
B Blank soil spiked with a mixture of diesel and heavy fuel oil 
C Blank soil mixed with compost (1+3) 
D Contaminated soil, previously used in a proficiency test, spiked with BTEX 
E Blank soil mixed with compost (1+3) spiked with heavy fuel oil 
F Contaminated soil from road sweeping 
G Contaminated soil 
H Blank soil mixed with compost (1+3) spiked with diesel oil 
A2 Blank soil spiked with heavy fuel oil. BTEX added to the sample by spiking imme-

diately before analysis. 
B2 Blank soil spiked with heavy fuel oil. BTEX added to the sample by spiking imme-

diately before analysis. 
C2 Heavy fuel oil dissolved in pentane. 

 

3.3 Sample homogeneity and stability 

Homogeneity was tested for all samples using the determinands total hydrocarbons 
(C6H6 - C35) as representing the non-volatile determinands. Samples A1, B, D and H 
were tested for stability and homogeneity in a combined test over four days using the 
determinands benzene and o-xylene as representative of the volatile determinands. 
The results of the stability and homogeneity tests are shown in Annex F. The homoge-
neity test for sample G was performed during the preparatory investigations and the re-
sults appear in Annex D. 

Stability and homogeneity tests were carried out from 20 to 28 April 2004. 
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The results of the homogeneity tests were that all samples samples were homogene-
ous with respect to non-volatile determinands. However, sample F was found homoge-
nous at the 99% confidence level and not at the 95% confidence level. This possible 
inhomogeneity may have increased the repeatability and between laboratory standard 
deviations. The possible impact will be evaluated further in Chapter 5. 

For the volatile components the evidence is conflicting: 

• For sample A2, the homogeneity and stability tests show no signs of either inho-
mogeneity or instability when testing with benzene. Testing with o-xylene show in-
homogeneity by no instability. 

• Sample B had very low content of BTEX, and only the concentrations for o-xylene 
(measured by GC-MS) were sufficiently high to allow statistical analysis. Even 
these data are uncertain since two samples, one analysed on 26 April and one on 
28 April, showed extremely low results compared to all other samples. Total hydro-
carbons measured in the same extracts were comparable to those in all other sam-
ples. BTEX originates from diesel oil spiked to the samples and errors in spiking 
should therefore have effect on both BTEX and total hydrocarbons. If the two low 
results are excluded from calculations, the statistical analysis indicates that sample 
B is stable and homogeneous. 

• Tests for day-to-day variation and homogeneity for sample D show significance at 
the 95% confidence level but not at the 99% confidence level when testing with 
benzene and no significance when testing with o-xylene. There is no downward 
trend over time and the apparent instability for benzene can be attributed to an un-
usually high average on the second day of the stability test. It is therefore con-
cluded that the samples are not unstable but there may be inhomogeneity. 

• Sample H shows significance in the tests for both stability and homogeneity when 
benzene is the determinand whereas there is no significance with o-xylene as the 
determinand. 

These signs of apparent inhomogeneity and for sample H also apparent instability will 
be discussed further and their possible impact evaluated in Chapter 5. 

Homogeneity and stability for samples in the supplementary study is described in /10/. 
The conclusion was that the samples were homogeneous for all parameters. 
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4 DATA ANALYSIS 

4.1 Statistical data analysis 

The method evaluation study was performed using a uniform-level design. This means 
that participating laboratories are requested to analyse two or more sub-samples per 
sample. In the present study each laboratory received two sub-samples for analysis for 
every sample. Data analysis is performed according to ISO 5725: "Accuracy (trueness 
and precision) of measurement methods and results" /8/. Symbols and abbreviations 
used are shown in Annex G. 

The data was subjected to at test for Gaussianity. Where possible this was done by a 
goodness-of-fit test and where the number of data was insufficient by inspection of a 
plot of residuals. In many cases the data sets included extreme values to a degree that 
Gaussianity could not be assumed. It was therefore decided to perform the final statis-
tical analyses using robust statistics as described in ISO 5725, part 5 /9/.   

Statistical analysis in the preliminary feed-back to participants was done by standard 
statistical methods and for this reason there are differences between statistics in the 
preliminary and final reports. 

The preliminary report was sent to participants on 24 May 2004 /7/. The participants 
were requested to send comments and information on errors to the Reference labora-
tory before 2 June 2004. Comments received appear from Annex J. All corrections re-
quested in the comments were made. 

4.2 Assigned values 

The values assigned to each parameter in each sample in the original method evalua-
tion study (2004) were decided as follows: 

Benzene, toluene and ethylbenzene: Assigned values are the median value for all 
data taking values reported as <DL into account. 

m+p-Xylene and o-xylene: The assigned value for sample D is the value calculated 
from sample preparation. Other assigned values are the median value for all data. 

C6H6 – C10: Assigned values are the median value for all data taking values reported as 
<DL into account. No value is assigned for samples where results from participants are 
very scattered. 

Total hydrocarbons and other hydrocarbon fractions: The assigned value for sam-
ple A is the value calculated from sample preparation. Other assigned values are the 
median value for all data. 

PAH: The assigned value for sample A is the value calculated from sample prepara-
tion. Other assigned values are the median value for all data. 

Sum of naphthalenes and phenanthrenes: Assigned values are the median value for 
all data taking values reported as <DL into account. 
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17α(H),21β(H)-Hopane: The assigned value for sample A is the value calculated from 
sample preparation. Other assigned values are the median value for all data. 

Pristane: The assigned value is the value calculated from sample preparation. 

Pristane/phytane, n-C17/pristane, n-C18/phytane, CPI(15-21), CPI(25-33): Assigned 
values are the median value for all data taking values reported as <DL into account. No 
value is assigned for samples where results from participants are very scattered. 

Table 9 Assigned values (mg/kg, mg/L for sample C2). 

Sample A B C D E F G H A2 B2 C2 
Parameter            
Benzene 0,06 <0,01 - 0,15 - - - 0,17 0,73 - - 
Toluene 0,06 0,03 - 0,2 - - - 2,6 0,73 - - 
Ethylbenzene 0,05 0,02 - 0,2 - - - 1,8 0,87 - - 
m+p-Xylene 0,1 0,1 - 0,5 - - - 8,0 0,85 - - 
o-Xylene 0,07 0,05 - 0,25 - - - 3,7 0,44 - - 
C6H6 - C10 - * < 2,5 * < 2,5 * < 2,5 190 4 4 - 
>C10 - C25 24 79 25 280 130 110 290 3700 56 110 250 
>C25 - C40 21 63 110 140 410 760 90 170 130 270 590 
Total hydrocar-
bons 

44 140 120 430 520 880 430 4100 190 380 850 

Fluoranthene 0,027 - - 0,34 - 0,26 0,02 0,05 - - - 
Benzo(b+j+k)-
fluoranthene 

0,053 - - 0,37 - 0,58 0,026 0,059 - - - 

Benzo(a)pyrene 0,027 - - 0,18 - 0,27 0,016 0,020 - - - 
-Indeno(1,2,3-
cd)-pyrene 

0,027 - - 0,19 - 0,26 0,012 0,022 - - - 

Dibenzo(a,h)-
anthracene 

0,027 - - 0,042 - 0,065 <0,00
5 

0,005 - - - 

Sum naphthale-
nes 

0,94 1 <0,02 0,5 0,5 0,1 0,2 90 - - - 

Sum phenan-
threnes 

0,4 0,6 <0,02 0,5 1 0,3 0,2 8 - - - 

17α(H),21β(H)-
Hopane 

0,07 0,07 0,06 0,2 0,34 1,2 0,14 0,09 - - - 

Pristane 0,83 - - - - - - - - - - 
n-C17/pristane - 1,4 ** 0,2 3,3 2 0,1 1,2 - - - 
n-C18/phytane 3,0 1,8 ** 0,24 * 1,1 0,05 1,5 - - - 
Pristane/phytane 1,0 1,7 ** 1,2 0,8 0,9 1,4 1,6 - - - 
CPI(15 - 21) - 1,2 * * 1,0 1,2 * 1,0 - - - 
CPI(25 - 33) 0,13 1,0 * 3,5 1,0 * * 1,0 - - - 

- parameter not included in method evaluation study for the sample in question 
* no assigned value due to very high scatter of data 
** no assigned value (parameter not detectable) 
 

In the supplementary study values were assigned as follows: 

Benzene, toluene, ethylbenzene, m/p-xylene and o-xylene: Assigned values are the 
values calculated from sample preparation. 

C6H6 – C10: Assigned values are the median value for all data. 
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>C10 – C25: The assigned value in sample C2 is the median value for all data. Assigned 
values in sample A2 and B2 are calculated from the assigned value in sample C2. 

>C25 – C40: The assigned value in sample C2 is calculated from assigned values for to-
tal hydrocarbons and other hydrocarbon fractions. Assigned values in sample A2 and 
B2 are calculated from the assigned value in sample C2. 

C6H6 – C40: The assigned value in sample C2 is estimated from the median of com-
bined data from sample C2, B2 and A2, including information from sample preparation. 
Assigned values in sample A2 and B2 are calculated from the assigned value in sam-
ple C2. 

The assigned values are shown in Table 9.  

The ranges of application specified in the method under study /2/ are: 

C6H6: C10: 2,5 – 5000 mg/kg 
>C10 – C25: 5 – 5000 mg/kg 
>C25 – C35: 10 – 5000 mg/kg 
>C35 – C40: 15 – 5000 mg/kg 
C6H6 – C40: 20 – 5000 mg/kg 
BTEX: 0,01 – 3,3 mg/kg 
PAH: 0,005 – 3,3 mg/kg 

It appears from Table 9 that the samples cover the range of application quite well for 
hydrocarbon fractions, except for C6H6 – C10 where it was only possible to set an as-
signed value higher than the limit of detection for one sample. For BTEX the range of 
application is covered, except that benzene is only investigated at the low end of the 
range. PAH is only investigated in the low end of the range of application. 

Sample E and G were also analysed by the participants' own methods. The assigned 
values are in general set identical to those in the method evaluation study. The excep-
tion is total hydrocarbons, >C10 - C25 and >C25 - C35. Since these parameters are 
method-dependent, the assigned values are the median of all participants' data. 

The participants' average results were compared to the assigned values as a check of 
the suitability of the assigned values. The results of the comparison are shown in An-
nex H. 

Most assigned values are based on participant consensus values and therefore no dif-
ferences would be expected. However, significant difference was found in the following 
cases: 

Method evaluation study:    

Toluene Sample B 0,03 0,027 

m+p-Xylene Sample D 0,50 0,485 

o-Xylene Sample A 0,07 0,0564 
 Sample D 0,25 0,227 

Dibenz(a,h)anthracene Sample G <0,005 0,0022 

Pristane/phytane Sample A 1,0 0,965 

Participants' own method:    

Indeno(1,2,3-cd)pyrene Sample G 0,012 0,0158 



 

 

 4-4 
 

 

The difference for toluene can be attributed to rounding and is therefore not considered 
significant. The xylenes have assigned values based on sample preparation. For m+p-
xylene, the difference between the average and the assigned value is only 3% of the 
assigned value and therefore of no consequence. The difference is larger for o-xylene. 
However, the control measurements performed by the Reference Laboratory shows 
considerably better recovery that indicated by participant results, and loss of xylenes 
would be expected to happen for m+p-xylene rather than for o-xylene. The assigned 
values are therefore kept unchanged. 

The statistical test shows significant difference between the assigned and average val-
ues for dibenz(a,h)anthracene. This is an artefact resulting from the test being per-
formed as if the assigned value was exactly 0,005 mg/kg and not the actual value of 
<0,005 mg/kg. 

The average value for pristane/phytane in sample A is 97% of the assigned value, 
which is based on sample preparation. This difference is small and considered of no 
consequence in the context. The assigned value is kept unchanged. 

The assigned value for indeno(1,2,3-cd)pyrene analysed by the participants' own 
methods is identical to that set for results in the method evaluation study. The same 
principle is used for the other four PAH where no significant difference is seen. There is 
no reason to believe that indeno(1,2,3-cd)pyrene should behave differently from the 
other PAH and the apparent difference is attributed to the low number of data and the 
fact that the concentration is close to the limit of detection (0,005 mg/kg). The assigned 
value is therefore kept unchanged. Differences in PAH measurements are also com-
mented on in section 5.3.1. 
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5 RESULTS 

Ten laboratories participated in the original method evaluation study and four laborato-
ries also participated in the supplementary study. Some laboratories did not have the 
resources to analyse all parameters, and two laboratories submitted two sets of data 
for all or most parameters. Furthermore, in some cases values were below the limit of 
detection for some or most laboratories. Each combination of sample and parameter 
therefore had between 4 and 11 duplicate results. The results from all participants are 
shown in Annex I in tables and in Annex L as plots. In the tables a code number identi-
fies the methods used by the participants. Method codes are explained in Annex K.  

Sample E and G in the original method evaluation study and sample A2 and B2 in the 
supplementary study were analysed by the participants by the method under study and 
by the method used as routine by the participants. Sample D had been used in a profi-
ciency test in 2003 /6/. Most participants in the proficiency test and this method evalua-
tion study are the same. For sample D the number of participants is 12 - 13. For sam-
ple A2 and B2 the number of participants using their own method was between six and 
ten. 

The performance of the method under study shown by this method evaluation study is 
shown below. The description is divided into groups of parameters: BTEX, total hydro-
carbons and hydrocarbon fractions, PAH and indicators of hydrocarbon source. 

5.1 BTEX 

The performance characteristics estimated from the method evaluation study are 
shown in Table 10 (benzene), Table 11 (toluene), Table 12 (ethylbenzene), Table 13 
(m+p-xylene), Table 14 (o-xylene). 

Table 10 General quality of analyses for benzene (mg/kg) measured by ISO 16703mod. 

Sample A B D H A2 B2 
p, no. of laboratories  9  3  7  10  4  4 
no. of data <DL  1  5  2  0  0  0 
n, no. of replicates  2  2  2  2  2  2 
µ, assigned value  0,06  <0,01  0,15  0,17  0,73  - 
m, average value  0,0800  0,176  0,211  0,218  0,488  0,246 
M, median  0,0609  0,0305  0,154  0,167  0,472  0,240 
sr  0,0085  0,0021  0,0404  0,0168  0,018  0,079 
sL  0,0252  0,297  0,0642  0,118  0,143  0,004 
sR  0,0266  0,297  0,0758  0,119  0,144  0,079 
CVr, %  14,2  1,2*  26,9  9,9  2,5  32* 
CVL, %  42,0 169*  42,8  69,1  19,6  1,6* 
CVR, %  44,3 169*  50,6  69,8  19,7  32* 

* CV calculated as percentage of average value. 
 

The test for stability and homogeneity show possible problems for benzene in samples 
D and H. Concentrations in sample B were too low to allow statistical analysis. Both re-
peatability and reproducibility relative standard deviations are quite high compared to 
experience from previous proficiency tests (Table 1). This may be explained by sample 
inhomogeneity with respect to benzene. 
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Table 11 General quality of analyses for toluene (mg/kg) measured by ISO 16703mod. 

Sample A B D H A2 B2 
p, no. of laboratories  11  10  11  12   
n, no. of replicates  2  2  2  2  0  0 
µ, assigned value  0,06  0,03  0,2  2,6  0,73  - 
m, average value  0,0504  0,0296  0,179  2,26  0,612  0,256 
M, median  0,0515  0,0292  0,175  2,61  0,635  0,263 
sr  0,0070  0,0089  0,0257  0,094  0,026  0,0365 
sL  0,0228  -  0,0265  0,982  0,134  0,0357 
sR  0,0238  0,0089  0,0369  0,987  0,136  0,0511 
CVr, %  11,7  29,7  12,8  3,6  3,5 14,3* 
CVL, %  38,0  -  13,3  37,8  18,4 14,0* 
CVR, %  39,7  29,7  18,4  38,0  18,6 20,0* 

* CV calculated as percentage of average value. 

Table 12 General quality of analyses for ethylbenzene (mg/kg) measured by ISO 16703mod. 

Sample A B D H A2 B2 
p, no. of laboratories  11  10  11  12  5  5 
n, no. of replicates  2  2  2  2  0  0 
µ, assigned value  0,05  0,02  0,2  1,8  0,87  - 
m, average value  0,0447  0,0225  0,205  1,54  0,731  0,275 
M, median  0,0430  0,0210  0,201  1,77  0,700  0,270 
sr  0,0052  0,0066  0,0225  0,030  0,061  0,0201 
sL  0,0093  0,0049  -  0,445  0,113  0,0439 
sR  0,0107  0,0082  0,0225  0,446  0,128  0,0483 
CVr, % 10,5 32,8 11,3  1,7  7,0  7,4* 
CVL, % 18,6 24,5  -  24,7  13,0 16,0* 
CVR, % 21,3 40,9 11,3  24,8  14,7 17,6* 

* CV calculated as percentage of average value. 

Table 13 General quality of analyses for m+p-xylene (mg/kg) measured by ISO 16703mod. 

Sample A B D H A2 B2 
p, no. of laboratories  11  11  11  11  5  5 
n, no. of replicates  2  2  2  2  0  0 
µ, assigned value  0,1  0,1  0,50  8,0  0,85  - 
m, average value  0,0890  0,105  0,466  7,31  0,797  0,338 
M, median  0,0940  0,0990  0,468  7,96  0,760  0,368 
sr  0,0084  0,0315  0,0241  0,105  0,028  0,0186 
sL  0,0170  0,0078  0,0224  1,06  0,146  0,0633 
sR  0,0190  0,0324  0,0329  1,06  0,148  0,0660 
CVr, %  8,4 31,5  4,8  1,3  3,3  5,5* 
CVL, % 17,0  7,8  4,5  13,2  17,2 18,7* 
CVR, % 19,0 32,4  6,6  13,3  17,5 19,5* 

* CV calculated as percentage of average value. 
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Table 14 General quality of analyses for o-xylene (mg/kg) measured by ISO 16703mod. 

Sample A B D H A2 B2 
p, no. of laboratories  11  12  12  12 5 5 
n, no. of replicates  2  2  2  2  0  0 
µ, assigned value  0,07  0,05  0,25  3,7  0,44  - 
m, average value  0,0575  0,0565  0,234  3,40  0,412  0,167 
M, median  0,0615  0,0500  0,230  3,73  0,389  0,164 
sr  0,0042  0,0126  0,0052  0,040  0,010  0,0242 
sL  0,0124  0,0093  0,0224  0,680  0,068  0,0249 
sR  0,0130  0,0157  0,0230  0,682  0,069  0,0347 
CVr, %  6,0 25,2  2,1  1,1  2,2 14,5 
CVL, % 17,7 18,6  9,0  18,4  15,5 14,9 
CVR, % 18,6 31,3  9,2  18,4  15,6 20,7 

* CV calculated as percentage of average value. 

Testing of homogeneity by analysis of o-xylene showed inhomogeneity for sample A, 
and possible inhomogeneity for sample B. The standard deviation in Table 14 are not 
unusually high for these two samples, and it is therefore concluded that the significance 
in the statistical tests are probably artefacts. As discussed above the samples in the 
original method evaluation study were probably unstable with respect to benzene. Re-
producibility for m+p-xylene and ethylbenzene are in the same order of magnitude as 
for o-xylene, whereas reproducibility for toluene is somewhat higher. The reproducibility 
for toluene is in the same order of magnitude as was seen at previous proficiency tests 
(Table 1). Based on the combined evidence it is concluded that all samples are suffi-
ciently homogeneous for volatile compounds from toluene and up, and that only sam-
ples A2 and B2 are sufficiently homogeneous for benzene. 

The method evaluation study did not include measurement of BTEX by methods of the 
participants' own choice. However, the supplementary study did include results using 
participants’ own methods. The data are shown in the report for the proficiency test run 
in parallel with the supplementary study /10/ and they are included in the discussions of 
trueness and precision below. 

5.1.1 Trueness 
Samples A and D were spiked with known concentrations of BTEX. Unfortunately the 
Reference Laboratory's control measurements did not show full recovery (54 - 81%) for 
benzene. The average recoveries measured over a period from 20 to 28 April 2004 for 
the remaining volatile aromatic compounds are: 

toluene 95% 

ethylbenzene 85% 

m+p-xylene 82% 

o-xylene 99%. 

The recoveries in the original method evaluation study were low and therefore as-
signed values were set from participant data rather than calculated concentrations ex-
cept for o-xylene and m+p-xylene in sample D. In the supplementary study the partici-
pants themselves spiked with BTEX immediately before analysis. The assigned values 
for sample A2 are therefore based on sample preparation. No values were assigned to 
sample B2. 
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Recoveries compared to calculated concentrations are shown below in Table 16, Table 
17, Table 18, and Table 19. No data are given for benzene since the samples are not 
stable and homogeneous with respect to benzene. 

Table 15 Recovery of spiked benzene 

ISO 16703mod Participants’ own method 

Prøve 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Recovery 
% 

A2  0,73  0,488 67 0,558 76 
 

Table 16 Recovery of spiked toluene. 

ISO 16703mod Participants’ own method 

Prøve 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Recovery 
% 

A  0,075  0,0504 67   
D  0,25  0,179 71   
A2  0,73  0,612 84 0,629 86 
Average recovery, %  74   

 

Table 17 Recovery of spiked ethylbenzene. 

ISO 16703mod Participants’ own method 

Prøve 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Recovery 
% 

A  0,075  0,0447 60   
D  0,25  0,205 82   
A2  0,87  0,731 84 0,756 87 
Average recovery, %  75   

 

Table 18 Recovery of spiked m+p-xylene. 

ISO 16703mod Participants’ own method 

Prøve 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Recovery 
% 

A  0,15  0,089 59   
D  0,50  0,466 93   
A2  0,85  0,797 94 0,787 93 
Average recovery, %  82   
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Table 19 Recovery of spiked o-xylene. 

ISO 16703mod Participants’ own method 

Prøve 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Recovery 
% 

A  0,075  0,0575 77   
D  0,25  0,234 94   
A2  0,44  0,412 94 0,406 92 
Average recovery, %  88   

 

The combined evidence from control measurements and participants results indicate 
that the recovery for toluene, ethylbenzene, m+p-xylene and o-xylene is in the order of 
70% - 90%. This recovery is low compared to evidence from previous proficiency tests 
(Table 1) where recoveries ranged from 90% (toluene) to 100% (xylenes). Several 
laboratories commented on difficulty in avoiding leaks from sample vessels (Annex J), 
and it can not be ruled out that the low recoveries are connected to these problems. 
Recoveries from participants’ own methods are comparable to those from ISO 
16703mod. 

5.1.2 Precision 
Precision measures for BTEX are included in tables Table 10, Table 11, Table 12, 
Table 13, and Table 14 and the data are summarised below. 

Precision data are are only available for two samples for benzene. Therefore no overall 
precision measures are given. 

Table 20 Precision obtained by ISO 16703mod for benzene. 

Sample Concentra-
tion level 

sr  CVr % CVR % 

 mg/kg mg/kg   
B2 approx 0,2  0,079  31  32 
A2 0,73  0,018  2,5  19,7 

 

Table 21 Precision obtained by ISO 16703mod for toluene. 

Sample Concentra-
tion level 

sr  CVr % CVR % 

 mg/kg mg/kg   
B 0,03  0,0089  29,7  29,7 
A 0,06  0,007   11,7  39,7 
D 0,2  0,0257  12,8  18,4 
B2 approx 0,2  0,0365  14,3  20,0 
A2 0,73  0,026  3,5  18,6 
H 2,6  0,094   3,6  38,0 

Overall precision  0,02*  4  29 
*: for concentrations up to approximately 0,2 mg/kg 
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Table 22 Precision obtained by ISO 16703mod for ethylbenzene. 

Sample Concentra-
tion level 

sr  CVr % CVR % 

 mg/kg mg/kg   
B 0,02  0,0066  32,8  40,9 
A 0,05  0,0052  10,5  21,3 
D 0,2  0,0225  11,3  11,3 
B2 approx 0,3  0,0201  7,4  17,6 
A2 0,87  0,061  7,0  14,7 
H 1,8  0,030   1,7  24,8 

Overall precision  0,01*  5  24 
*: for concentrations up to approximately 0,2 mg/kg 

 

Table 23 Precision obtained by ISO 16703mod for m+p-xylene. 

Sample Concentra-
tion level 

sr  CVr % CVR % 

 mg/kg mg/kg   
A 0,1  0,0084  8,4  19,0 
B 0,1  0,0315  31,5  32,4 

B2 approx 0,3  0,0186  5,5  19,5 
D 0,5  0,0241  4,8  6,6 
A2 0,85  0,028  3,3  17,5 
H 8,0  0,105   1,3  13,3 

Overall precision  0,02*  3  19 
* for concentrations up to approximately 0,2 mg/kg 
 

Table 24 Precision obtained by ISO 16703mod for o-xylene. 

Sample Concentra-
tion level 

sr  CVr % CVR % 

 mg/kg mg/kg   
B 0,05  0,0126  25,2  31,3 
A 0,07  0,0042  6,0  18,6 

B2 approx 0,2  0,0242  14,5  20,7 
D 0,25  0,0052  2,1  9,2 
A2 0,44  0,010  2,2  15,6 
H 3,7  0,040   1,1  18,4 

Overall precision  0,01*  1  20 
* for concentrations up to approximately 0,2 mg/kg 

 

The repeatability standard deviation for toluene, ethylbenzene, m+p-xylene and o-
xylene is in the order of 0,01 mg/kg - 0,02 mg/kg for low concentration samples and 1% 
- 4% relative standard deviation at higher concentrations. The relative reproducibility 
standard deviations show no trend following concentration in the samples, the relative 
standard deviation seeming to follow the complexity of the sample in the low boiling 
point range rather than concentration. Overall the reproducibility relative standard de-
viation is in the order of 20% to 30%. No overall precision is estimated for benzene 
since data for only two samples is available. However, the results for these samples in-
dicate that precision is in the same range as for other volatile compounds. The preci-
sion seen in this study is at least as good as found in previous proficiency tests (Table 
1) and at the validation study done at the end of development of ISO 16703mod (Table 
3). 
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5.1.3 Limit of detection 
The limit of detection indicated in ISO 16703mod is 0,01 mg/kg using MS detection for all 
BTEX. For FID the limit of detection is given as 0,1 mg/kg. The majority of participants 
used MS detection for analysis of BTEX and there is no indication in the data that the 
two laboratories using FID have larger variability than the rest. The data are therefore 
evaluated with MS detection in mind. 

Sample B and for ethylbenzene also sample A have concentrations sufficiently close to 
the expected limit of detection to be suitable for evaluation of the limit of detection. The 
standard deviations for all BTEX (benzene excluded due to probable inhomogeneity of 
the samples) are in the range 0,005 mg/kg to 0,01 mg/kg. These standard deviation are 
not consistent with a limit of detection of 0,01 mg/kg. It is more probable that the limit of 
detection is in the order of 0,02 - 0,05 mg/kg. 

5.2 Hydrocarbons and hydrocarbon fractions 

The performance characteristics estimated from the data of the method evaluation 
study are shown in Table 25 (C6H6 – C10), Table 26 (>C10 – C25), Table 27 (>C25 – C40), 
and Table 28 (total hydrocarbons, C6H6 – C40). 

Table 25 General quality of analyses for C6H6 – C10 (mg/kg) measured by ISO 16703mod. 

Sample A B C D E F G H A2 B2 
p, no. of laboratories   9  5  10  4  7  4  11  5  5 
No. of data < DL   2  6  1  7  4  7  0  0  0 
n, no. of replicates   2  2  2  2  2  2  2  2  2 
µ, assigned value  - < 2,5 -  < 2,5 - < 2,5 190  4  4 
m, average value   6,14  6,27  12,3  6,90  10,1  4,08 188  3,83  3,92
M, median   5,16  3,30  7,49  3,42  9,39  3,53 209  4,02  3,47
sr   0,430  0,524  1,15  0,607  0,629  0,235  7,34  0,318  0,296
sL   2,56  2,72  4,45  8,89  6,62  4,87  63,4  0,976  1,45
sR   2,59  2,77  4,60  8,91  6,65  4,88  63,8  1,03  1,48
CVr, %   7,0*  8,3*  9,3*  8,8*  6,2*  5,6*  3,9  8,0  7,4 
CVL, %   41,6*  43,3*  36,3* 129*  65,4* 120*  33,3  24,4  36,4 
CVR, %   42,2*  44,2*  37,5* 129*  65,6* 120*  33,6  25,7  37,1 

*: CV calclulated as percentage of average value. 

Table 26 General quality of analyses for >C10 – C25 (mg/kg; mg/L for sample C2) measured 
by ISO 16703mod. 

Sample A B C D E F G H A2 B2 C2 
p, no. of laboratories  11  11  11  11  11  11  11  11  5  5  8 
n, no. of replicates  2  2  2  2  2  2  2  2  2  2  2 
µ, assigned value  24  79  25 280 130 110 290 3700  56 110 250 
m, average value  22,1  76,4  22,9 270 124 121 279 3494  76,1 126 244 
M, median  23,2  78,6  24,6 276 126 114 287 3746  74,7 122 246 
sr  1,05  1,89  1,89  6,81  8,39  10,5  18,2  41,9  16,0  15,2  7,6 
sL  4,01  15,7  8,50  34,4  20,7  14,7  67,2 655  13,2  16,9  24,0 
sR  4,14  15,9  8,70  35,0  22,4  18,0  69,6 657  20,7  22,7  25,3 
CVr, %  4,4  2,4  7,5  2,4  6,5  9,5  6,3  1,1  28,6  13,8  3,0 
CVL, %  16,7  19,9  34,0  12,3  15,9  13,3  23,2  17,7  23,5  15,4  9,6 
CVR, %  17,3  20,1  34,8  12,5  17,2  16,4  24,0  17,7  37,0  20,6  10,1 
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Table 27 General quality of analyses for >C25 – C40 (mg/kg; mg/L for sample C2) measured 
by ISO 16703mod. 

Sample A B C D E F G H A2 B2 C2 
p, no. of laboratories  8  11  11  11  11  11  11 11   5  5  5 
n, no. of replicates  2  2  2  2  2  2  2  2  2  2  2 
µ, assigned value  21  63 110 140 410 760 90  170 130 270 590 
m, average value  19,0  63,5 100 150 413 845 122 220 154 250 550 
M, median  17,7  62,5 109 145 408 760  90,2 174 156 255 551 
sr  0,78  3,88  4,19  7,34  46,1  71,3  16,0  28,3  19,0  36,0  20,8 
sL  3,21  24,3  34,3  25,7  76,4 158  85,9 105  17,7  53,8 127 
sR  3,31  24,6  34,5  26,8  89,3 173  87,4 109  26,0  64,8 129 
CVr, %  3,7  6,2  3,8  5,2  11,3  9,4  17,8  16,7  14,6  13,3  3,5 
CVL, %  15,3  38,5  31,2  18,4  18,6  20,8  95,4  61,9  13,6  20,0  21,5 
CVR, %  15,7  39,0  31,4  19,1  21,8  22,8  97,1  64,1  20,0  24,0  21,8 

 

Table 28 General quality of analyses for total hydrocarbons (C6H6 – C40) (mg/kg; mg/L for 
sample C2) measured by ISO 16703mod. 

Sample A B C D E F G H A2 B2 C2 
p, no. of laboratories  10  11  11  11  11  11  11  11  5  5  5 
n, no. of replicates  2  2  2  2  2  2  2  2  2  2  2 
µ, assigned value  44 140 120 430 520 880 430 4100 190 380 850 
m, average value  36,7 145 123 430 535 967 406 3904 234 380 815 
M, median  42,0 142 124 429 525 879 432 4099 237 370 818 
sr  1,16  10,5  4,40  6,60  39,8  78,6  41,6  62,9  32,0  50,7  51,2 
sL  11,8  46,2  40,9  61,6  95,6 178 138 791  0  58,7 133 
sR  11,9  47,4  41,1  62,0 104 195 144 793  32,0  77,6 142 
CVr, %  2,6  7,5  3,7  1,5  7,7  8,9  9,7  1,5  16,8  13,3  6,0 
CVL, %  26,8  33,0  34,1  14,3  18,4  20,2  32,1  19,3  0  15,4  15,6 
CVR, %  27,0  33,8  34,3  14,4  19,9  22,1  33,6  19,3  16,8  20,4  16,7 

 

Table 29 (>C10 - C25), Table 30 (>C25 - C35), and Table 31 (total hydrocarbons, C6H6 - 
C35) show the performance characteristics for sample D, E and G measured by the par-
ticipants' own methods. All data for C6H6 - C10 using the participants' own methods 
were below the limit of detection. The data for sample D are from Proficiency Test 
SOLID-9 in 2003 /6/ and those for sample E and G from the present study. 

Table 29 General quality of analyses for >C10 – C25 (mg/kg) measured by the participants' 
own methods. 

Sample D E G A2 B2 
p, no. of laboratories  13  7  7  9  8 
n, no. of replicates  2  2  2  2  2 
µ, assigned value 250 110 370  56 110 
m, average value 250 105 367  63,1 113 
M, median 245 107 372  61,2 112 
sr  8,1  16,6  65,1  6,85  4,47 
sL  74,4  20,2  22,1  15,9  27,0 
sR  74,8  26,1  68,8  17,3  27,3 
CVr, %  3,3  15,1  17,6  12,2  4,1 
CVL, %  29,8  18,4  6,0  28,4  24,5 
CVR, %  29,9  23,7  18,6  30,9  24,8 
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Table 30 General quality of analyses for >C25 – C35 (mg/kg) measured by the participants' 
own methods. 

Sample D E G A2 B2 
p, no. of laboratories  12  7  7  9  8 
n, no. of replicates  2  2  2  2  2 
µ, assigned value  72 230  54  84 170 
m, average value  70,8 241  53,7  83,5 145 
M, median  72,7 234  54,4  89,5 167 
sr  2,33  29,9  6,29  3,37  3,96 
sL  14,5  49,9  13,0  16,4  44,8 
sR  14,7  58,1  17,2  16,7  44,9 
CVr, %  3,2  13,0  11,6  4,0  2,3 
CVL, %  20,1  21,7  24,1  19,5  26,3 
CVR, %  20,4  25,3  31,9  19,9  26,4 

 

Table 31 General quality of analyses for total hydrocarbons (C6H6 – C35) (mg/kg) measured 
by the participants' own methods. 

Sample D E G A2 B2 
p, no. of laboratories  13  7  7  9  8 
n, no. of replicates  2  2  2  2  2 
µ, assigned value 320 330 430 140 280 
m, average value 326 347 421 150 265 
M, median 319 330 428 158 282 
sr  12,5  33,8  66,0  18,2  8,0 
sL 107  57,4  48,5  23,1  63,7 
sR 108  66,6  81,9  29,4  64,2 
CVr, %  3,9  10,3  15,3  13,0  2,9 
CVL, %  33,4  17,4  11,3  16,5  22,8 
CVR, %  33,8  20,2  19,1  21,0  22,9 

 

5.2.1 Trueness 
Trueness of total hydrocarbon measurements may be tested using sample A and B 
where specific hydrocarbon compounds and mineral oil, respectively, were spiked to a 
sample with no measurable hydrocarbon content. The same is true for sample A2 and 
B2 in the supplementary study. Sample E and H consist of mineral oil spiked to sample 
C and thus the difference should reflect the amount of oil spiked to the samples. How-
ever, the results for sample E from participants were considerably lower than expected. 
Controls performed by the Reference Laboratory indicated that the concentration in the 
solution used for spiking was less than expected. Sample E is for this reason not used 
to estimate trueness except as comparison between ISO 16703mod and participants’ 
present methods. 

For the hydrocarbon fractions sample A in the original study and sample A2 and B2 in 
the supplementary study give an indication of trueness. 

In addition to the comparison to known added concentrations, the results obtained by 
ISO16703mod and the laboratories' own methods indicate if recovery is improved by the 
new method. The results are shown in Table 34, Table 32 and Table 33. 
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Comparison of the recoveries for hydrocarbon fractions between ISO 16703mod and the 
participants' present methods is shown in Table 32 (>C10 - C25) and Table 33 (>C25 - 
C40 / >C25 - C35) below. 

Table 32 Recovery of >C10 - C25 and comparison to present methods. 

ISO 16703mod Participants' present methods 

Sample 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Percent of re-
sult using ISO 

16703mod 
% 

A  24  22,1 92   
D  -  270   250 93 
E  -  124   105 85 
G  -  279   367 132 
A2  56  76,1 136  63,1 84 
B2  110  126 115  113 93 
Average recovery, %  114 97 

 

Table 33 Recovery of >C25 - C40 / >C25 - C35 and comparison to present methods. 

ISO 16703mod Participants' present methods 

Sample 

Added 
concen-
tration 
mg/kg 

Average 
>C25 - C40 

mg/kg 

Recovery 
% 

Average 
>C25 - C35 

mg/kg 

Percent of re-
sult using ISO 

16703mod 
% 

A  21  19,0 91   
D  -  150   70,8 47 
E  -  414   241 58 
G  -  122   53,7 44 
A2  130  154 118  83,5 56 
B2  270  250 92  145 61 
Average recovery, %  100 53 

 

Recovery is acceptable for both fractions. The results for sample D, E and G show 
good agreement between ISO 16703mod and participants’ present method for the lighter 
fraction of hydrocarbons, >C10 - C25, but poor recovery of the participants' present 
methods compared to ISO 16703mod for the heavier fraction. The low recovery is ex-
plained by the fact that present methods include only hydrocarbon up to C35 but also 
lower extraction efficiency is expected to contribute.  
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Table 34 Recovery of spiked mineral oil and specific hydrocarbons and comparison to pre-
sent methods. 

ISO 16703mod Participants' present methods 

Sample 

Added con-
centration 

mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Percent of re-
sult using ISO 

16703 mod 
% 

A  44  36,7 83   
B  140  145 104    
H-C 4850 3781 78   
D  -  430   326 76 
E  -  535   347 65 
G  -  406   421 104 
A2  190  234 123  150 66 
B2  380  380 100  265 73 
Average recovery, %  98 77 

 
The average recovery of 89% is less than found in the validation study performed at 
the end of method development /2/. This validation study found an average recovery of 
105% using motor oil for spiking.  

For sample A (spiked with specific alkanes) the low recovery can be explained by the 
results from a few participants: three laboratories found approximately half the added 
concentration whereas the remaining seven participants found values close to the 
added concentration. This is not the case for samples B and H.  

For sample H (spiked with diesel oil) three participants found values close to the added 
concentration and the rest were well below that. One participant sent a correction for 
the data for sample H after receiving the preliminary results. The participant had found 
that the GC, which had been used for the analyses, apparently was not linear till 5000 
mg/kg as was expected. Re-analysis increased the results by approximately 50%. After 
receiving participant data, the Reference Laboratory checked the concentration of the 
spiking solution for sample H and re-analysed extracts from sample H both as they 
were and 10 times diluted. The spiking solution had the expected concentration and di-
lution caused no difference to the result of quantification. The low recovery is therefore 
probably caused by insufficient extraction. The experience for a participant indicates 
that gas chromatography may also play a role in some cases. 

5.2.2 Precision 
Precision measures for ISO 16703mod and the participants' present methods are in-
cluded in Table 25 (C6H6 - C10), Table 26 and Table 29 (>C10 - C25), Table 27 and Table 
30 (>C25 - C40 / >C25 - C35), and in Table 28 and Table 31 ( total hydrocarbons). The 
data are summarised below. 
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Table 35 Precision obtained by ISO 16703mod compared to precision obtained by the partici-
pants' present methods for C6H6 - C10. 

Sample Concentra-
tion level 

sr mg/kg sR mg/kg 

 mg/kg ISO 16703mod Participants'  
present method 

ISO 16703mod Participants'  
present method 

A         
C < 2.5  0,524    2,77   
E < 2.5  0,607  -  8,91  - 
G < 2.5  0,235  -  4,88  - 
A2 4  0,318  0,554  1,03  2,74 
B2 4  0,296  0,697  1,48  2,47 
B approx. 6  0,430   2,59  
F approx. 10  0,629   6,65  
D approx 10  1,15  -  4,60  - 
H 190  7,34   63,8  

Overall precision*  0,5   5  
*for concentration ≤ 10 mg/kg 
 
Most of the samples have concentration for C6H6 - C10 close to or below the limit of de-
tection, and a value has been assigned only for sample H. Therefore the precision 
measures are given as standard deviations.  At concentrations in the sample up to ap-
proximately 10 mg/kg the standard deviation is relatively constant and then starts to in-
crease. The relative standard deviations for repeatability and reproducibility in sample 
H are 3.9% and 33,6%, respectively. As will be seen below the relative standard devia-
tions are in the same order of magnitude as for the other hydrocarbon fractions, that is 
repeatability relative standard deviation (CVr) in the order of 5% and reproducibility 
relative standard deviation (CVR) around 30%. The precision for participants’ present 
methods is in the same order of magnitude as for ISO 16703mod. 

Table 36 Precision obtained by ISO 16703mod compared to precision obtained by the partici-
pants' present methods for >C10 - C25. 

Sample Concentra-
tion level 

CVr % CVR % 

 mg/kg ISO 16703mod Participants'  
present method 

ISO 16703mod Participants'  
present method 

A 24  4,4    17,3   
C 25  7,5    34,8   
A2 56  18,6  12,2  37,0  30,9 
B 79  2,4   20,1  
F 110  9,5   16,4  

B2 110  13,8  4,1  20,6  24,8 
E 130  6,5  15,1  17,2  23,7 
D 280  2,4  3,3  12,5  29,9 
G 290  6,3  17,6  24,0  18,6 
H 3700  1,1   17,7  

Overall precision  9  12  23  26 
 

Repeatability and reproducibility for >C10 - C25 by ISO 16703mod are comparable to 
those obtained with the participants' present methods. The data indicate that the rela-
tive standard deviation does not change with concentration. Reproducibility is better 
than obtained in proficiency tests conducted recently (Table 1) and repeatability is simi-
lar. 
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Table 37 Precision obtained by ISO 16703mod compared to precision obtained by the partici-
pants' present methods for >C25 - C40 / >C25 - C35. 

Sample Concentra-
tion level 

CVr % CVR % 

 mg/kg ISO 16703mod Participants'  
present method 

ISO 16703mod Participants'  
present method 

A 21  3,7    15,7   
B 63  6,2   39,0  
G 90  17,8  11,6  97,1  31,9 
C 110  3,8    31,4   
A2 130  14,6  4,0  20,0  19,9 
D 140  5,2  3,2  19,1  20,4 
H 170  16,7   64,1  
B2 270  13,3  2,3  24,0  26,4 
E 410  11,3  13,0  21,8  25,3 
F 760  9,4   22,8  

Overall precision  11  8  32 (43 including 
sample G) 

 25 

 

For one sample (Sample G) the reproducibility for >C25 - C40 is considerably worse for 
ISO 16703mod than for the participants' present method. The relative standard devia-
tions are independent of concentration. The remaining precision measures are compa-
rable and this one result is taken as an artefact caused by the relatively low number of 
participants. Repeatability is worse than seen in previous proficiency tests (Table 1) but 
reproducibility is similar. 

Table 38 Precision for total hydrocarbons obtained by ISO 16703mod (C6H6 - C40) compared 
to precision obtained by the participants' present methods (C6H6 - C35). 

Sample Concentra-
tion level 

CVr % CVR % 

 mg/kg ISO 16703mod Participants'  
present method 

ISO 16703mod Participants'  
present method 

A 44  2,6    27,0   
C 120  3,7    34,3   
B 140  7,5   33,8  

A2 190  16,8  13,0  16,8  21,0 
B2 380  13,3  2,9  20,4  22,9 
D 430  1,5  3,9  14,4  33,8 
G 430  9,7  15,3  33,6  19,1 
E 520  7,7  10,3  19,9  20,2 
F 880  8,9   22,1  
H 4100  1,5   19,3  

Overall precision  9  10  25  24 
 

For total hydrocarbons (C6H6 – C40precision is similar for ISO 16703mod and partici-
pants’ present methods. There is no trend in the data indicating that relative standard 
deviation does not depend on concentration but possibly on the complexity of the sam-
ple. The overall repeatability and reproducibility compare well with those obtained in 
the validation study, see Table 3. The precision is also similar to that seen using the 
present method, Table 1, as well as that published for ISO/DIS 16703 Table 2. It is 
worth noting that the repeatability is comparable to that seen in previous proficiency 
tests since the present study is conducted using wet samples and therefore repeatabil-
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ity includes sub-sampling uncertainty to a higher degree that when using dried, crushed 
samples. 

5.2.3 Limit of detection 
The limits of detection indicated in ISO 16703mod are: 

• C6H6 - C10: 2,5 mg/kg 

• >C10 - C25: 5 mg/kg 

• >C25 - C40: 25 mg/kg 

• Total hydrocarbons (C6H6 - C40): 32,5 mg/kg. 

There is no universally agreed definition for limit of detection. Most sources define the 
limit of detection as between 3 and 5 times the repeatability standard deviation at low 
sample concentrations. 

The repeatability standard deviation for C6H6 - C10 is in the order of 0,5 mg/kg. A limit of 
detection of 2,5 mg/kg can therefore be achieved. It should be noted that the repro-
ducibility standard deviation is around 5 mg/kg, which is approximately 200% relative 
standard deviation at the limit of detection. 

For >C10 - C25 two samples (sample A and C) are sufficiently close to the expected limit 
of detection to allow estimation of a relevant repeatability standard deviation. The stan-
dard deviation is in the order of 1,5 mg/kg. A limit of detection of 5 may therefore be 
achieved. The reproducibility standard deviation at low concentration is in the order of 4 
- 8 mg/kg. 

Samples A and B have concentrations sufficiently close to the expected limit of detec-
tion for >C25 - C40 to allow estimation of a repeatability standard deviation for calcula-
tion of the limit of detection. The repeatability standard deviation for these samples is in 
the order of 1 to 3 mg/kg. A limit of detection of 25 mg/kg should therefore easily be 
achieved. It is probable that the limit of detection can be as low as 10 - 15 mg/kg. 

For total hydrocarbons only sample A is at sufficiently low concentration to be useful for 
estimation of the limit of detection. Repeatability standard deviation for sample A is 1 
mg/kg. The limit of detection indicated in ISO 16703mod can easily be achieved. 

5.3 PAH 

The performance characteristics estimated from the data of the method evaluation 
study are shown in Table 39 (fluoranthene), Table 40 (benzo(b+j+k)fluoranthene), 
Table 41 (benz(a)pyrene), Table 42 (indeno(1,2,3-cd)pyrene), and Table 43 (di-
benz(a,h)anthracene). 
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Table 39 General quality of analyses for fluoranthene (mg/kg) measured by ISO 16703mod. 

Sample A D F G H 
p, no. of laboratories  9  8  9  9  8 
n, no. of replicates  2  2  2  2  2 
µ, assigned value  0,027  0,34  0,26  0,02  0,05 
m, average value  0,0244  0,319  0,332  0,0217  0,0474 
M, median  0,0250  0,337  0,262  0,0202  0,0450 
sr  0,0007  0,0482  0,0451  0,0042  0,0090 
sL  0,0031  0,0029  0,0398  0,0067  0,0128 
sR  0,0032  0,0483  0,0602  0,0079  0,0156 
CVr, %  2,7 14,2 17,3 21,0 18,0 
CVL, % 11,5  0,9 15,3 33,5 25,6 
CVR, % 12,0 14,2 23,1 39,4 31,3 

 

Table 40 General quality of analyses for benzo(b+j+k)fluoranthene (mg/kg) measured by 
ISO 16703mod. 

Sample A D F G H 
p, no. of laboratories  9  8  9  9  8 
n, no. of replicates  2  2  2  2  2 
µ, assigned value  0,053  0,37  0,58  0,026  0,059 
m, average value  0,0492  0,350  0,601  0,0343  0,0598 
M, median  0,0506  0,374  0,580  0,0259  0,0585 
sr  0,0018  0,0650  0,105  0,0035  0,0079 
sL  0,0063  -  0,0708  0,0122  - 
sR  0,0065  0,0650  0,127  0,0127  0,0079 
CVr, %  3,4 17,6 18,1 13,3 13,3 
CVL, % 11,9  - 12,2 46,9  - 
CVR, % 12,3 17,6 21,8 48,7 13,3 

 

Table 41 General quality of analyses for benz(a)pyrene (mg/kg) measured by ISO 16703mod. 

Sample A D F G H 
p, no. of laboratories  9  8  10  9  8 
n, no. of replicates  2  2  2  2  2 
µ, assigned value  0,027  0,18  0,27  0,016  0,020 
m, average value  0,0227  0,175  0,284  0,0203  0,0202 
M, median  0,0250  0,180  0,267  0,0160  0,020 
sr  0,0009  0,0377  0,0467  0,0027  0,0032 
sL  0,0050  -  0,0338  0,0061  - 
sR  0,0051  0,0377  0,0576  0,0067  0,0032 
CVr, %  3,5 21,0 17,3 17,0 16,0 
CVL, % 18,5  - 12,5 36,1  - 
CVR, % 18,7 21,0 21,3 42,0 16,0 
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Table 42 General quality of analyses for indeno(1,2,3-cd)pyrene (mg/kg) measured by ISO 
16703mod. 

Sample A D F G H 
p, no. of laboratories  9  8  9  8  8 
n, no. of replicates  2  2  2  2  2 
µ, assigned value  0,027  0,19  0,26  0,012  0,022 
m, average value  0,0249  0,180  0,267  0,0144  0,0208 
M, median  0,025  0,190  0,260  0,0116  0,0215 
sr  0,0010  0,0189  0,0524  0,0034  0,0016 
sL  0,0066  0,0454  0,0604  0,0049  0,0016 
sR  0,0067  0,0492  0,0800  0,0059  0,0023 
CVr, %  3,9  9,9 20,2 28,0  7,1 
CVL, % 24,4 23,9 23,2 40,8  7,3 
CVR, % 24,7 25,9 30,8 49,4 10,4 

 

Table 43 General quality of analyses for dibenz(a,h)anthracene (mg/kg) measured by ISO 
16703mod. 

Sample A D F G H 
p, no. of laboratories  9  8  9  5  6 
n, no. of replicates  2  2  2  2  2 
µ, assigned value  0,027  0,042  0,065  0,005  0,005 
m, average value  0,0244  0,0401  0,0682  0,0035  0,0052 
M, median  0,0250  0,0418  0,0650  0,0027  0,0050 
sr  0,0005  0,0064  0,0136  0,0005  0,0006 
sL  0,0052  0,0059  0,0137  0,0006  - 
sR  0,0052  0,0087  0,0193  0,0008  0,0006 
CVr, %  1,9 15,2 21,0 10,5 12,1 
CVL, % 15,3 14,0 21,1 12,0  - 
CVR, % 19,2 20,7 29,7 15,2 12,1 

 

Table 44 shows the performance characteristics for PAH in sample G, the only sample 
that was analysed for PAH by the participants' own methods. The table does not in-
clude dibenz(a,h)anthracene because five out of seven participants reported the con-
centration as below the limit of detection. 

Table 44 General quality of analyses for PAH in sample G measured by the participants' 
own methods. 

Parameter Fluoranthene Benzo(b+j+k)-
fluoranthene 

Benz(a)pyrene Indeno(1,2,3-cd)-
pyrene 

p, no. of laboratories 6 5 7 5 
n, no. of replicates 2 2 2 2 
µ, assigned value 0,02 0,026 0,016 0,012 
m, average value 0,0306 0,035 0,0210 0,0206 
M, median 0,0227 0,0332 0,0190 0,0155 
sr 0,0094 0,0107 0,0042 0,0064 
sL 0,0037 0,0074 0,0054 - 
sR 0,0101 0,0130 0,0069 0,0064 
CVr, % 47,2 41,1 23,2 53,5 
CVL, % 18,5 28,5 33,8 - 
CVR, % 50,6 49,9 43,0 53,3 
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5.3.1 Trueness 
Sample A was prepared by spiking of a known concentration of PAH and it can there-
fore be used to evaluate trueness. Furthermore, the results for ISO 16703mod can be 
compared to results generated by the participants' present methods in sample G. 

Table 45 Recovery of spiked fluoranthene and comparison to present methods. 

ISO 16703mod Participants' own methods 

Sample 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Percent of re-
sult using ISO 

16703mod 
% 

A  0,027  0,0244 90   
G    0,0217   0,0306 141 

 
Table 46 Recovery of spiked benzo(b+j+k)fluoranthene and comparison to present methods. 

ISO 16703mod Participants' own methods 

Sample 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Percent of re-
sult using ISO 

16703mod 
% 

A  0,053  0,0492 93   
G    0,0343   0,035 102 

 
Table 47 Recovery of spiked benz(a)pyrene and comparison to present methods. 

ISO 16703mod Participants' own methods 

Sample 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Percent of re-
sult using ISO 

16703mod 
% 

A  0,027  0,0227 84   
G    0,0203   0,0210 103 

 
Table 48 Recovery of spiked indeno(1,2,3-cd)pyrene and comparison to present methods. 

ISO 16703mod Participants' own methods 

Sample 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

Average 
mg/kg 

Percent of re-
sult using ISO 

16703mod 
% 

A  0,027  0,0249 92   
G    0,0144   0,0206 143 

 
Table 49 Recovery of spiked dibenz(a,h)anthracene. 

ISO 16703mod 

Sample 

Added 
concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

A  0,027  0,0244 90 
 
The recovery of the spike added to sample A is around 90% for all PAH and the con-
centration found by the participants' present method is higher than for ISO 16703mod. 
However, the difference is small for benzo(b+j+k)fluoranthene and benz(a)pyrene. Both 
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observations indicate a slightly low recovery for PAH, but concentrations in both sam-
ples are close to the limit of detection and the uncertainty consequently high. 

5.3.2 Precision 
Precision measures for ISO 16703mod are included in tables in the beginning of section 
5.3 (Table 39, Table 40, Table 41, Table 42, and Table 43). Data for the participants' 
present methods are shown in Table 44. The data are summarised below. 

Table 50 Precision obtained by ISO 16703mod compared to precision obtained by the partici-
pants' present methods for fluoranthene. 

Sample Concentra-
tion level 

CVr % CVR % 

 mg/kg ISO 16703mod Participants'  
present method 

ISO 16703mod Participants'  
present method 

G 0,02  21,0  47,2  39,4  50,6 
A 0,027  2,7    12,0   
H 0,05  18,0   31,3  
D 0,34  14,2    14,2   
F 0,26  17,3   23,1  

Overall precision  16   26  
 

The precision is clearly better for ISO 16703mod than for the participants' present meth-
ods. The relative standard deviation shows no indication of correspondence to sample 
concentration. The precision obtained is comparable to that found during validation at 
the end of method development Table 3. 

Table 51 Precision obtained by ISO 16703mod compared to precision obtained by the partici-
pants' present methods for benzo(b+j+k)fluoranthene. 

Sample Concentra-
tion level 

CVr % CVR % 

 mg/kg ISO 16703mod Participants'  
present method 

ISO 16703mod Participants'  
present method 

G 0,026  13,3  41,1  48,7  49,9 
A 0,053  3,4    12,3   
H 0,059  13,3   13,3  
D 0,37  17,6    17,6   
F 0,58  18,1   21,8  

Overall precision  14   27  
 

The repeatability standard deviation is better for ISO 16703mod than for participants' 
present methods and reproducibilities are similar. Relative standard deviations seem 
not to depend on sample concentration. Precision measures are similar to those found 
for fluoranthene and comparable to those found in the validation study (Table 3). 
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Table 52 Precision obtained by ISO 16703mod compared to precision obtained by the partici-
pants' present methods for benz(a)pyrene. 

Sample Concentra-
tion level 

CVr % CVR % 

 mg/kg ISO 16703mod Participants'  
present method 

ISO 16703mod Participants'  
present method 

G 0,016  17,0  23,2  42,0  43,0 
H 0,020  16,0   16,0  
A 0,027  3,5    18,7   
D 0,18  21,0    21,0   
F 0,27  17,3   21,3  

Overall precision  16   26  
 

The repeatability standard deviation is slightly better for ISO 16703mod than for the par-
ticipants' present methods, but there is no difference in reproducibility. Precision for 
benz(a)pyrene is in other respects similar to what was seen for fluoranthene and 
benzo(b+j+k)fluoranthene. 

Table 53 Precision obtained by ISO 16703mod compared to precision obtained by the partici-
pants' present methods for indeno(1,2,3-cd)pyrene. 

Sample Concentra-
tion level 

CVr % CVR % 

 mg/kg ISO 16703mod Participants'  
present method 

ISO 16703mod Participants'  
present method 

G 0,012  28,0  53,3  49,4  53,3 
H 0,022  7,1   10,4  
A 0,027  3,9    24,7   
D 0,19  9,9    25,9   
F 0,26  20,2   30,8  

Overall precision  16   31  
 

Precision for indeno(1,2,3-cd)pyrene is in all respects similar to what was seen for 
benzo(b+j+k)fluoranthene. 

Table 54 Precision obtained by ISO 16703mod for dibenz(a,h)anthracene. 

Sample Concentra-
tion level 

CVr % CVR % 

 mg/kg ISO 16703mod ISO 16703mod 
G <0,005  10,5  15,2 
H 0,005  12,1  12,1 
A 0,027  1,9  19,2 
D 0,042  15,2  20,7 
F 0,065  21  29,7 

Overall precision  14  21 
 

There are no precision data available for the participants' present methods for di-
benz(a,h)anthracene due to lack of data. The precision measures in the present study 
compare well to those from validation at the end of method development (Table 3) and 
are similar to the precision data for all other PAH. 

In summary, the precision for all PAH is: 
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repeatability relative standard deviation (CVr) 15% 

reproducibility relative standard deviation (CVR) 26%. 

5.3.3 Limit of detection 
The limit of detection for PAH is indicated in ISO 16703mod as 0,005 mg/kg. Sample A, 
G, and for most PAH also sample H are suitable for estimation of the standard devia-
tion needed to calculate limit of detection. The standard deviation range from 0,0005 to 
0,0042 mg/kg. In unfavourable samples, such as for example sample G, the present 
data indicate that a limit of detection of 0,005 mg/kg can not obtained; instead it is in 
the order of 0,01 - 0,02 mg/kg. For other samples the limit of detection of 0,005 mg/kg 
may be achieved. 

5.4 Indicators for source of hydrocarbons 

The performance characteristics estimated from the data of the method evaluation 
study are shown in Table 55 (sum of naphthalenes), Table 56 (sum of phenanthrenes), 
Table 57 (17α(H),21β(H)-hopane), Table 58 (n-C17/pristane), Table 59 (pristane), Table 
60 (n-C18/phytane), Table 61 (pristane/phytane), Table 62 (CPI(15-21)), and Table 63 
(CPI(25-33)). Only one laboratory measured these parameters by their own method. 
Therefore no data for general performance can be estimated. 

Table 55 General quality of analyses for sum of naphthalenes (mg/kg) measured by ISO 
16703mod. 

Sample A B C D E F G H 
p, no. of laboratories 7 7 3 6 7 6 6 7 
n, no. of replicates 2 2 2 2 2 2 2 2 
µ, assigned value 0,94 1 <0,02 0,5 0,5 0,1 0,2 90 
m, average value 1,11 1,58 0,112 1,08 0,656 0,192 0,295 93,0 
M, median 1,05 1,37 0,024 0,540 0,541 0,148 0,188 87,6 
sr 0,0210 0,0194 0,023 0,0168 0,0356 0,0398 0,0514 4,51 
sL 0,350 1,01 0,183 0,599 0,399 0,112 0,0577 48,6 
sR 0,351 1,01 0,184 0,599 0,400 0,118 0,0773 48,9 
CVr, % 2,2 1,9 20,5* 3,4 7,1 39,8 25,7 5,0 
CVL, % 37,2 101 163* 120 79,7 111 28,9 54,1 
CVR, % 37,3 101 164* 120 80,0 118 38,6 54,3 

*: CV calculated as percentage of average value. 
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Table 56 General quality of analyses for sum of phenanthrenes (mg/kg) measured by ISO 
16703mod. 

Sample A B C D E F G H 
p, no. of laboratories 7 7 5 6 7 7 7 7 
n, no. of replicates 2 2 2 2 2 2 2 2 
µ, assigned value 0,44 0,6 <0,02 0,5 1 0,3 0,2 8 
m, average value 0,380 0,550 0,0192 0,464 1,406 0,563 0,227 7,90 
M, median 0,375 0,550 0,021 0,460 1,205 0,337 0,215 8,11 
sr 0,0189 0,0294 0,0105 0,0535 0,0577 0,0398 0,0891 0,315 
sL 0,0562 0,228 0,0086 0,170 0,884 0,261 0,0940 2,37 
sR 0,0593 0,230 0,0136 0,179 0,887 0,264 0,130 2,39 
CVr, % 4,7 4,9 54,7* 10,7 5,8 13,3 44,6 3,9 
CVL, % 12,8 38,1 44,8* 34,1 88,5 86,9 47,0 29,6 
CVR, % 14,8 38,4 70,8* 35,7 88,7 87,9 64,7 29,9 

*: CV calculated as percentage of average value. 
 

Table 57 General quality of analyses for 17α(H),21β(H)-hopane (mg/kg) measured by ISO 
16703mod. 

Sample A B C D E F G H 
p, no. of laboratories 4 3 3 4 4 4 4 3 
n, no. of replicates 2 2 2 2 2 2 2 2 
µ, assigned value 0,07 0,07 0,06 0,20 0,34 1,2 0,14 0,09 
m, average value 0,083 0,083 0,087 0,225 0,394 1,38 0,139 0,091 
M, median 0,076 0,070 0,057 0,196 0,338 1,22 0,138 0,089 
sr 0,002 0,004 0,014 0,021 0,042 0,034 0,013 0,021 
sL 0,036 0,037 0,076 0,109 0,202 0,814 0,049 0,028 
sR 0,036 0,038 0,077 0,111 0,206 0,815 0,051 0,035 
CVr, % 3,0 6,0 22,7 10,5 12,3 2,8 9,0 23,3 
CVL, % 52,1 52,9 127 54,5 59,4 67,8 35,0 31,1 
CVR, % 52,1 53,7 128 55,4 60,7 67,9 36,3 39,0 

 

Table 58 General quality of analyses for n-C17/pristane measured by ISO 16703mod. 

Sample B C D E F G H 
p, no. of laboratories 7 2 7 7 6 5 7 
n, no. of replicates 2 2 2 2 2 2 2 
µ, assigned value 1,4 - 0,2 3,3 2 0,1 1,2 
m, average value 1,47 4,26 0,243 3,57 1,93 0,238 1,43 
M, median 1,40 2,51 0,240 3,38 1,88 0,130 1,20 
sr 0,094 0,84 0,0315 0,702 0,695 0,031 0,073 
sL 0,341 2,17 0,0982 1,41 - 0,074 0,473 
sR 0,354 2,33 0,1031 1,58 0,695 0,081 0,479 
CVr, % 6,7 19,7* 15,7 21,3 34,7 31,5 6,1 
CVL, % 24,4 50,9* 49,1 42,8 - 74,0 39,4 
CVR, % 25,3 70,4* 51,5 47,8 34,7 80,5 39,9 
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Table 59 General quality of analyses for pristane (mg/kg) measured by ISO 16703mod. 

Sample A 
p, no. of laboratories 7 
n, no. of replicates 2 
µ, assigned value 0,83 
m, average value 0,766 
M, median 0,865 
sr 0,028 
sL 0,313 
sR 0,314 
CVr, % 3,4 
CVL, % 37,7 
CVR, % 37,9 

 

Table 60 General quality of analyses for n-C18/phytane measured by ISO 16703mod. 

Sample A B C D E F G H 
p, no. of laboratories 7 7 3 7 6 6 5 7 
n, no. of replicates 2 2 2 2 2 2 2 2 
µ, assigned value 3,0 1,8 - 0,24 - 1,1 0,05 1,5 
m, average value 3,18 1,87 4,44 0,265 3,47 1,17 0,096 1,44 
M, median 3,15 1,82 3,70 0,242 3,29 1,14 0,054 1,46 
sr 0,117 0,115 1,65 0,0446 0,524 0,281 0,021 0,042 
sL 0,390 0,319 2,65 0,0786 1,14 0,377 0,017 0,208 
sR 0,408 0,339 3,13 0,0904 1,25 0,470 0,027 0,212 
CVr, % 3,9 6,4 37,2* 18,6 15,1* 25,5 41,9 2,8 
CVL, % 13,0 17,7 59,7* 32,8 32,8* 34,3 34,0 13,9 
CVR, % 13,6 18,8 70,5* 37,6 36,1* 42,7 54,6 14,2 

*: CV calculated as percentage of average value. 
 

Table 61 General quality of analyses for pristane/phytane measured by ISO 16703mod. 

Sample A B C D E F G H 
p, no. of laboratories 7 7 2 7 6 6 7 7 
n, no. of replicates 2 2 2 2 2 2 2 2 
µ, assigned value 1,0 1,7 - 1,2 0,78 0,86 1,4 1,6 
m, average value 0,965 1,66 1,23 1,23 0,746 0,921 1,43 1,46 
M, median 0,970 1,69 1,67 1,20 0,781 0,863 1,37 1,56 
sr 0,057 0,104 0,62 0,091 0,072 0,238 0,058 0,083 
sL - 0,095 0,30 0,093 0,029 0,115 0,141 0,340 
sR 0,057 0,141 0,69 0,130 0,078 0,265 0,152 0,350 
CVr, % 5,7 6,1 50,4* 7,6 9,3 27,7 4,1 5,2 
CVL, % - 5,6 24,4* 7,8 3,7 13,4 10,1 21,3 
CVR, % 5,7 8,3 56,1* 10,8 10,0 30,8 10,9 21,9 

*: CV calculated as percentage of average value. 
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Table 62 General quality of analyses for CPI(15-21) measured by ISO 16703mod. 

Sample B C D E F G H 
p, no. of laboratories 6 4 6 6 5 5 6 
n, no. of replicates 2 2 2 2 2 2 2 
µ, assigned value 1,2 - - 1,0 1,2 - 1,0 
m, average value 1,08 0,990 2,16 0,929 1,20 2,25 1,03 
M, median 1,16 0,930 1,90 0,993 1,17 2,00 1,02 
sr 0,052 0,180 0,241 0,021 0,238 0,304 0,079 
sL 0,130 0,475 1,38 0,090 - 2,29 0,175 
sR 0,140 0,508 1,40 0,092 0,238 2,31 0,192 
CVr, % 4,4 18,2* 11,2* 2,1 19,8 13,5* 7,9 
CVL, % 10,8 48,0* 63,7* 9,0 - 101* 17,5 
CVR, % 11,7 51,3* 64,7* 9,2 19,8 102* 19,2 

*: CV calculated as percentage of average value. 
 

Table 63 General quality of analyses for CPI(25-33) measured by ISO 16703mod. 

Sample A B C D E F G H 
p, no. of laboratories 6 6 4 5 6 5 5 5 
n, no. of replicates 2 2 2 2 2 2 2 2 
µ, assigned value 0,13 1,0 - 3,5 1,0 - - 1,0 
m, average value 0,134 0,908 2,61 3,55 1,02 5,55 2,63 0,981 
M, median 0,122 0,990 1,93 3,50 1,02 5,64 2,21 0,972 
sr 0,005 0,060 0,044 0,767 0,076 0,786 0,482 0,174 
sL 0,032 0,044 2,49 - 0,079 1,50 1,00 - 
sR 0,032 0,074 2,49 0,767 0,109 1,69 1,11 0,174 
CVr, % 3,6 6,0 1,7* 21,9 7,6 14,2* 18,3* 17,4 
CVL, % 24,6 4,4 95,3* - 7,9 27,0* 38,1* - 
CVR, % 24,9 7,4 95,3* 21,9 10,9 30,5* 42,3* 17,4 

*: CV calculated as percentage of average value. 
 

5.4.1 Trueness 
Sample A was prepared by spiking of known concentrations of naphthalene, methyl, 
dimethyl and trimethyl naphthalenes, phenanthrene, methyl and dimethyl phenanthre-
nes, 17α(H),21β(H)-hopane, n-alkanes, pristane and phytane to a soil with no measur-
able content of hydrocarbons. Sample A can therefore be used to evaluate trueness of 
measurements.  

The parameters covered in this section are markers for source of hydrocarbons and for 
most samples there is therefore a pre-conceived idea of the expected level for each pa-
rameter. These expected levels are also evaluated, giving information of the suitability 
of the markers for their intended purposes. Evaluation of the markers is described in 
the report /2/ forming the basis for ISO 16703mod but not in the method itself. A sum-
mary of the information in the report is given below. 

Parameter Indicator for 
Sum of  
naphthalenes 

Hydrocarbons of petrogen origin from a petroleum product with boiling 
point interval below n-C25. Naphthalenes disappear early in the weather-
ing process. 

Sum of  
phenanthrenes 

Hydrocarbons of petrogen origin. Phenanthrenes degrade slower than 
naphthalenes. 
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17α(H),21β(H)-
Hopane 

Hydrocarbons of petrogen origin from a petroleum product with relatively 
high boiling point interval, from 300°C. 17α(H),21β(H)-Hopane is very 
resistant to degradation. 

n-C17/pristane n-Alkane C17 and pristane indicate hydrocarbons of petrogen origin. Em-
pirical values for n-C17/pristane: 
non-degraded oil e.g. diesel: approx. 1 (from 1 - 3) 
degraded oil: less than 1 
heavily degraded oil: not detected (no C17 present). 

n-C18/phytane n-Alkane C18 and phytane indicate hydrocarbons of petrogen origin. Em-
pirical values for n-C18/phytane: 
non-degraded oil e.g. diesel: approx. 1 (from 1 – 4) 
degraded oil: less than 1 
heavily degraded oil: not detected (no C18 present). 

Pristane/phytane Hydrocarbons of petrogen origin from a petroleum product with medium 
to medium-high high boiling point interval, approximately 200°C - 300°C. 
The pristane/phytane index is unique for each source of crude oil. Many 
crude oils from the North Sea and Middle East have pristane/phytane 
indices in the range 2,4 - 2,9 but much lower values can also occur.  

CPI(15-21) and 
CPI(25-33) 

CPI ≈ 1 indicates presence of a petroleum product (from the Middle East 
or North Sea). 
High values indicate presence of hydrocarbons from plants. 
CPI shall only be determined for the boiling point interval of the petro-
leum product present in the sample. 

 

Overviews of trueness and of results compared to the expected levels are shown in the 
tables below. There are no data from previous proficiency tests nor data from validation 
of ISO 16703mod following method development /2/ available for comparison. 

Table 64 Recovery of spiked sum of naphthalenes and comparison to expected concentra-
tion levels. 

ISO 16703mod 

Sample 

Added  
concentration 

mg/kg 
Average 
mg/kg 

Recovery 
% 

A 0,94 1,11 118 
 Expected con-

centration level 
  

B present 1,58 as expected 
C <DL (0,112) - 
D low? 1,08 somewhat 

high 
E present 0,66 as expected 
F low 0,19 as expected 
G low? 0,29 as expected 
H present 93 as expected 

 

In sample A, the added naphthalenes are recovered by 118%, which is within what 
would be expected given the reproducibility of the analyses. 

Sample C consists of soil with no hydrocarbons mixed with compost. No naphthalenes 
would be expected. The average is much higher than would be expected but the repro-
ducibility standard deviation is also high (Table 55) and only three laboratories have 
reported data over their limit of detection. Four other laboratories have reported zero or 
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below the limit of detection. The average is therefore not a true indication of results 
from the majority of laboratories. 

Sample B and H are spiked with diesel and would therefore be expected to contain 
naphthalenes. Sample H is spiked to 77 times higher diesel concentration than sample 
B. Sample B also contains heavy fuel oil and therefore contains naphthalenes from the 
heavy fuel oil in addition to those from diesel. The average concentrations in samples B 
and H fit fairly well. 

Sample E is spiked with heavy fuel oil and is expected also to contain naphthalenes but 
in much smaller relative concentrations that from diesel. The data also fit this expecta-
tion. 

Samples D, F and G are contaminated samples, D and G from soil remediation and 
sample F from road sweeping. Sample D and G contain hydrocarbons with the major 
fraction in the >C10 - C25 range (Table 9). The original contamination is therefore in the 
range with high relative concentration of naphthalenes but weathering will have re-
moved naphthalenes to an unknown extent. The concentration in sample D seems 
fairly high in this context. Sample F from road sweeping is expected to be contami-
nated mainly from motor oil, meaning high boiling point range and relatively low con-
centration of naphthalenes. Also weathering will have removed naphthalenes to an un-
known extent. The result from sample F is consistent with this expectation.  

In summary, the sum of naphthalenes found by the majority of laboratories is consis-
tent with knowledge of the origin of samples. 

Table 65 Recovery of spiked sum of phenanthrenes and comparison to expected concentra-
tion levels. 

ISO 16703mod 

Sample 

Added  
concentration 

mg/kg 
Average 
mg/kg 

Recovery 
% 

A 0,44 0,38 86 
 Expected con-

centration level 
  

B present 0,55 as expected 
C <DL 0,02 as expected 
D low 0,46 as expected 
E present 1,41 as expected 
F low 0,56 as expected 
G low 0,23 as expected 
H present 7,90 as expected 

 

In sample A, the added phenanthrenes are recovered by 86%, which is within what 
would be expected given the reproducibility of the analyses. 

In sample C, which is expected to be a blank sample, the participants agree to a con-
centration around 0,02 mg/kg. However, both repeatability and reproducibility standard 
deviations are high and the average concentration is at the same concentration level as 
the limit of detection. It is therefore considered consistent with expectations. 

Sample B, E, and H are spiked with diesel and heavy fuel oil as explained in the text for 
naphthalenes. As would be expected, sample E is relatively higher in phenanthrenes 
than naphthalenes, and sample H higher in naphthalenes than phenanthrenes. The 
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concentration of phenanthrenes in sample B is consistent with the concentrations seen 
in sample E and H. 

Concentrations in sample D, and G are consistent with their origin as weathered diesel-
type products. Sample F contains higher concentrations of phenanthrenes than naph-
thalenes. This is also consistent with the origin of the sample from sweeping of roads. 

Only 4 or 5 laboratories (see Table 57) have reported data for 17α(H),21β(H)-hopane 
(in the following called hopane) and the performance of the method is therefore not 
properly demonstrated by the data. Furthermore one laboratory finds consistently 10 - 
20 times higher concentrations than the remaining participants, further weakening the 
database. The results below are therefore only indicative. 

Table 66 Recovery of spiked 17α(H),21β(H)-hopane and comparison to expected concentra-
tion levels. 

ISO 16703mod 

Sample 

Added concen-
tration 
mg/kg 

Average 
mg/kg 

Recovery 
% 

A 0,07 0,083 119     
 Expected con-

centration level 
  

B present 0,083 as expected 
C <DL (0,087) higher than 

expected 
D present 0,225 as expected 
E present 0,394 as expected 
F present 1,38 as expected 
G present 0,139 as expected 
H low 0,091 as expected 

 

Hopane is associated with high boiling point petroleum products. It is therefore ex-
pected to be relatively high in samples contaminated with motor oil (sample F), less 
high for samples containing heavy fuel oil (sample E and B), low for samples contami-
nated with diesel-type products (sample H, D and G) and absent from un-contaminated 
samples (sample C). Hopane is resistant to degradation and concentrations are ex-
pected to increase relative to total hydrocarbons as weathering proceeds. 

This fits well for sample F. The content in sample B is consistent with that in sample E 
and sample H is low in hopane as would be expected.  

That sample C seems to have approximately the same concentration as sample B and 
H is surprising. However, the number of results is small for all samples and the concen-
trations close to the expected limit of detection (0,05 mg/kg). 
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Table 67 Recovery of spiked pristane and comparison of n-C17/pristane to expected levels. 

ISO 16703mod 

Sample 

Added concen-
tration 

pristane, mg/kg 
Average 

 
Recovery 

% 
A 0,83 0,77 mg/kg 92 
 Expected level, 

n-C17/pristane 
  

B ≈1 1,47 as expected 
C - 4,26 - 
D <1 0,24 as expected 
E - 3,57 as expected 
F <1 1,93 - 
G <1 0,24 as expected 
H ≈1 1,43 as expected 

 

Table 68 Recovery of spiked n-C18/phytane and comparison to expected levels. 

ISO 16703mod 

Sample Added value 
Average 

 
Recovery 

% 
A 3,0 3,18 106 
 Expected level   
B ≈2 1,87 as expected 
C - 4,44 - 
D <2 0,27 as expected 
E - 3,47 - 
F <2 1,17 as expected 
G <2 0,096 as expected 
H ≈2 1,44 slightly low 

 

Pristane is recovered 92% and the ratio n-C18/phytane 106% in sample A, which is ac-
ceptable. 

The ratios n-C17/pristane and n-C18/phytane are indicative of weathering of petroleum 
products because n-alkanes degrade faster than branched alkanes such as pristane 
and phytane. In fresh diesel oil the ratio n-C17/pristane is normally a little over 1 and n-
C18/phytane around 2. This fits with the results for sample B and H, though sample H is 
slightly low in n-C18/phytane. Sample E, which is spiked with heavy fuel oil, has a much 
higher value but no empirical value is available for comparison.  

Sample D, F and G are all weathered. Sample D and G have the low ratios expected. 
Sample F has a ratio n-C17/pristane higher than 1. The origin of the petroleum product 
in sample F is probably motor oil since the sample is road dust. It is therefore clear that 
the ratio can only be interpreted in the context of the origin of the petroleum product. 

The ratios n-C17/pristane and n-C18/phytane in sample C are high but inspection of An-
nex I shows that the data from participants range from 0 to 5,6 (n-C17/pristane) and 
from 0 to 7,5 (n-C18/phytane). In samples such as sample C that contain only hydrocar-
bons of non-petroleum origin care should be taken to ensure that the ratio may rea-
sonably be calculated, i.e. that the concentrations of n-C17, n-C18, pristane and phytane 
are higher than the limit of detection. Results should be interpreted with caution. 
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Table 69 Recovery of spiked pristane/phytane and comparison to expected levels. 

ISO 16703mod 

Sample Added value 
Average 

 
Recovery 

% 
A 1,0 0,97 97 
 Expected level   
B present 1,66 as expected 
C - 1,23 - 
D present 1,23 as expected 
E present 0,75 as expected 
F present 0,92 as expected 
G present 1,43 as expected 
H present 1,46 as expected 

 

The presence of pristane and phytane is an indication of hydrocarbons of petrogen ori-
gin and the level of pristane/phytane depends on the origin of the petroleum product. 
Since pristane and phytane are associated with the medium boiling point range, their 
concentrations are expected to be lower in high boiling point petroleum products such 
as heavy fuel oil and motor oil. Pristane is expected to decrease more than phytane, 
and the index pristane/phytane therefore to be lower in high boiling point products than 
in low or medium boiling point products. This fits the data from the method evaluation 
study, since the lowest indices are seen in sample E (heavy fuel oil) and F (road dust, 
mainly motor oil). 

Table 70 Comparison of CPI(15-21) to expected levels. 

ISO 16703mod 

Sample Expected level 
Average 

 
Recovery 

% 
B ≈1 1,08 as expected 
C - 0,99  
D >1? 2,16 as expected 
E - 0,93  
F - 1,20  
G >1? 2,25 as expected 
H >1? 1,03 - 

 

Table 71 Recovery of spiked CPI(25-33) and comparison to expected levels. 

ISO 16703mod 

Sample 

Added 
concentration

mg/L O2 
Average 
mg/kg 

Recovery 
% 

A 0,13 0,134 103 
 Expected level   
B ≈1 0,91 as expected 
C >1 2,61 - 
D - 3,55  
E >1 1,02 as expected 
F >1 5,55 as expected 
G - 2,63  
H - 0,98  
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CPI (Carbon Preference Index) is intended to indicate if the source of hydrocarbons is 
mainly from a petroleum product (CPI close to 1 for petroleum products from the Middle 
East or North Sea) or from plants (CPI higher than 1). CPI should be calculated for the 
boiling point interval of the petroleum product present. For diesel type product, CPI(15-
21) would be most informative and for heavier oils CPI(25-33) would be relevant. 

Sample D, G and H have their main fraction from C10 to C25, whereas sample C, E and 
F are mainly in the fraction >C25 - C40 (compare Table 26 and Table 27). Sample B con-
tains a mixture of two products and has approximately equal amounts in each fraction.  
Samples D, G and H are therefore evaluated with respect to CPI(15-21), samples C, E 
and F with respect to CPI(25-33) and sample B for both indices. 

Samples D and G are contaminated soils that are loamy to an unknown extent. Both 
samples have CPI(15-21) higher than 2, indicating that plant materials contribute to the 
hydrocarbons in the samples. Sample H is a high concentration of diesel oil spiked into 
a mixture of sub-soil and compost. CPI(15-21) is close to 1 indicating that the plant ma-
terials in the compost give negligible contribution to the total hydrocarbons. Sample B 
is spiked into a sub-soil sample and no contribution from plant materials is expected. 
Both CPI(15-21) and CPI(25-33) are close to 1 as expected. 

Sample C is a mixture of a sub-soil sample and compost with no petroleum products 
added. The main fraction of sample C is in the range >C25 - C40. CPI(25-33) is higher 
than 1 as would be expected. In the compost, the hydrocarbons are heavily degraded 
and the concentrations of alkanes close to the limit of detection. The values for CPI in-
dices are therefore very uncertain. 

Sample E contains heavy fuel oil spiked into the same mixture of soil and compost that 
constitutes sample C. CPI(25-33) is close to 1 where a higher value would be expected 
if plant materials from the compost contributed significantly to the hydrocarbons in the 
sample. As described for sample C, the concentration of n-alkanes in samples C is low 
and the result for sample E is therefore as expected. 

Sample F is from road dust and the value for CPI(25-33) indicates that plant materials 
contribute appreciably to the hydrocarbons of the sample. This is not unexpected. 

Sample A is a synthetic sample. The spiking performed does not allow calculation of 
CPI(15-21). The recovery for CPI(25-33) is 103%, which is acceptable. 

5.4.2 Precision 
The precision for sum of naphthalenes (Table 72) and sum of phenanthrenes (Table 
73) is shown below. 
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Table 72 Precision for sum of naphthalenes obtained by ISO 16703mod. 

Sample Concentration 
level 

sr  CVr % sR  CVR % 

 mg/kg mg/kg  mg/kg  
C <0,02  0,023  20,5  1,01  164 
F 0,1  0,0398  39,8  0,118  118 
G 0,2  0,0514  25,7  0,0773  38,6 
D 0,5  0,0168  3,4  0,599  120 
E 0,5  0,0356  7,1  0,400  80 
A 0,94  0,0210  2,2  0,351  37,3 
B 1  0,0194  1,9  1,01  101 
H 90  4,51  5,0  48,9  54,3 

Overall precision  0,03*  5**   90 
* low concentrations, up to approximately 1 mg/kg 
** higher concentrations, over approximately 1 mg/kg 
 

Table 73 Precision for sum of phenanthrenes obtained by ISO 16703mod. 

Sample Concentration 
level 

sr  CVr % sR  CVR % 

 mg/kg mg/kg  mg/kg  
C <0,02  0,0105  52,4  0,0136  37,8 
G 0,2  0,0891  44,6  0,130  64,7 
F 0,3  0,0398  13,3  0,264  87,9 
A 0,44  0,0189  4,7  0,0593  14,8 
D 0,5  0,0535  10,7  0,179  35,7 
B 0,6  0,0294  4,9  0,230  38,4 
E 1  0,0577  5,8  0,887  88,7 
H 8  0,315  3,9  2,39  29,9 

Overall precision  0,05*  4**    57 
* low concentrations, up to approximately 1 mg/kg  
** higher concentrations, over approximately 1 mg/kg 
 

For concentrations up to approximately 0,2 - 0,3 mg/kg the repeatability relative stan-
dard deviations (CVr) are very high compared to higher concentrations. This indicates 
that the repeatability has reached a level where the standard deviation is constant. The 
overall repeatability measures are therefore divided into an absolute value valid at low 
concentrations and a relative value valid at higher concentrations. The relative repro-
ducibility standard deviations vary with no relation to the concentration in the samples. 
Reproducibility standard deviations therefore depend more on the complexity of the 
sample than on concentration. The standard deviations for naphthalenes and phenan-
threnes are similar as would be expected. 

The high relative reproducibility standard deviations mean that data from different labo-
ratories are not necessarily comparable. The parameters sum of naphthalenes and 
sum of phenanthrenes are therefore not useful as quantitative measures at present but 
they may nevertheless be useful as indicators as described in section 5.4.1 above. 
Also, these parameters are new to most participants, and reproducibility may improve 
over time. 

17α(H),21β(H)-Hopane is only analysed by three or four laboratories for each sample. 
The precision measures are therefore uncertain.  
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Table 74 Precision for 17α(H),21β(H)-hopane obtained by ISO 16703mod. 

Sample Concentration 
level 

sr  CVr % sR  CVR % 

 mg/kg mg/kg  mg/kg  
C 0,06  0,014  22,7  0,077  128 
A 0,07  0,002  3,0  0,036  52,1 
B 0,07  0,004  6,0  0,038  53,7 
H 0,09  0,021  23,3  0,035  39,0 
G 0,14  0,013  9,0  0,051  36,3 
D 0,20  0,021  10,5  0,111  55,4 
E 0,34  0,042  12,3  0,206  60,7 
F 1,2  0,034  2,8  0,815  67,9 

Overall precision   13   67 
 

Standard deviations seem to increase with concentration, and therefore relative stan-
dard deviations are fairly constant for all samples. The overall measures of precision 
are therefore estimated for relative standard deviations for all samples. 

As was the case for sum of naphthalenes and sum of phenanthrenes, the reproducibil-
ity is not very good and quantitative comparison between laboratories will be difficult. 
The concentration of 17α(H),21β(H)-hopane is therefore useful as an indicator as 
shown in section 5.4.1 above, but quantitative comparison between data from different 
laboratories is uncertain at present.  

Table 75 Precision for pristane (sample A) and n-C17/pristane (sample B - H) obtained by 
ISO 16703mod. 

Sample Level CVr % CVR % 
A 0,83 mg/kg pristane  3,4  37,9 
C -  (19,7)  (54,7) 
G 0,1 n-C17/pristane  31,5  80,5 
D 0,2 n-C17/pristane  15,7  51,5 
H 1,2 n-C17/pristane  6,1  39,9 
B 1,4 n-C17/pristane  6,7  25,3 
F 2 n-C17/pristane  34,7  34,7 
E 3,3 n-C17/pristane  21,3  47,8 

Overall precision  21  48
 

Table 76 Precision for n-C18/phytane obtained by ISO 16703mod. 

Sample Level CVr % CVR % 
C -  (37,2)  70,5) 
G 0,05  41,9  54,6 
D 0,24  18,6  37,6 
F 1,1  25,5  42,7 
H 1,5  2,8  14,2 
B 1,8  6,4  18,8 
A 3,0  3,9  13,6 
E -  15,1  36,1 

Overall precision  20  32
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The precision measures for the indices n-C17/pristane and n-C18/phytane show a ten-
dency for better precision measured as relative standard deviation at higher values for 
n-C18/phytane. The same tendency is not seen for n-C17/pristane and until more data 
are available (for example from future proficiency tests) it is assumed that the tendency 
is a chance phenomenon. 

In estimating the overall precision measures, the data for sample C are not included 
since this sample is expected to have non-detectable values for the two indices. 

The reproducibility for the two indices n-C17/pristane and n-C18/phytane is slightly better 
than for the three indicators mentioned first (sum of naphthalenes, sum of phenanthre-
nes, 17α(H),21β(H)-hopane). However, the reproducibility is still not sufficient to allow 
quantitative comparisons between data from different laboratories. The usefulness of 
the two indices as indicators is described above in section 5.4.1. 

Table 77 Precision for pristane/phytane obtained by ISO 16703mod. 

Sample Level CVr % CVR % 
C -  (50,4)  (56,1) 
E 0,8  9,3  10,0 
F 0,9  27,7  30,8 
A 1,0  5,7  5,7 
D 1,2  7,6  10,8 
G 1,4  4,1  10,9 
H 1,6  5,2  21,9 
B 1,7  6,1  8,3 

Overall precision  6 (11 including 
sample F) 

 16

 

The precision for pristane/phytane seems independent on the level for the index in the 
samples. Overall repeatability and reproducibility are much better than for the indica-
tors and indices mentioned earlier in this section. 

Table 78 Precision for CPI(15-21) obtained by ISO 16703mod. 

Sample Level CVr % CVR % 
C -  (18,2)  (51,3) 
E 1,0  2,1  9,2 
H 1,0  7,9  19,2 
B 1,2  4,4  11,7 
F 1,2  19,8  19,8 
D -  (11,2)  (64,7) 
G -  (13,5)  (102) 

Overall precision  10  15
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Table 79 Precision for CPI(25-33) obtained by ISO 16703mod. 

Sample Level CVr % CVR % 
A 0,13  3,6  24,9 
C -  (1,7)  (95,3) 
B 1,0  6,0  7,4 
E 1,0  7,6  10,9 
H 1,0  17,4  17,4 
G -  (18,3)  (42,3) 
D 3,5  21,9  21,9 
F -  (14,2)  (30,5) 

Overall precision  13  18 
 

For the Carbon Preference Indices (CPI) the variability between laboratories have in 
several cases been too large to allow estimation of an assigned value. These samples 
are shown with no indication of level and relative standard deviations in brackets. They 
are shown in the tables in the position indicated by their probable level. 

Both CPI(15-21) and CPI(25-33) show no dependence of standard deviation with level 
of the CPI. Therefore relative standard deviations vary randomly with concentration. 
Overall, the reproducibility is good and the repeatability acceptable. 

5.4.3 Limit of detection 
The concept "limit of detection" is not valid for the parameters that are indices. For the 
parameters that are a sum of a number of specific measurements, the limit of detection 
will depend on how many parameters enter into the sum. Strictly speaking, a limit of 
detection can only be estimated for 17α(H),21β(H)-hopane. However, it is also at-
tempted to estimate the level of detection for sum of naphthalenes and sum of phen-
anthrenes. 

In Table 72 and Table 73 the overall repeatability standard deviation at low concentra-
tion is estimated at 0,03 - 0,05 for sum of naphthalenes and sum of phenanthrenes. 
From these values a level for the limit of detection can be estimated as approximately 
0,2 mg/kg for each parameter.  

The procedure ISO 16703mod does not include a measure for limit of detection for the 
two sums. A direct comparison can therefore not be made. A comparison to the limit of 
detection for PAH indicated in ISO 16703mod can show if the order of magnitude is rea-
sonable. The level of detection for each individual PAH is given as 0,005 mg/kg.  A 
number of C1-, C2- and C3-naphthalenes and -phenanthrenes can contribute to the sum 
of naphthalenes and sum of phenanthrenes. If the limit of detection were the same as 
that for PAH and estimating that from 5 to 20 individual C1-, C2- and C3- substances en-
ter into each sum, the limit of detection will be in the order of 0,03 – 0,1 mg/kg. PAH 
are measured by GC/MS-SIM, whereas naphthalenes and phenanthrenes are meas-
ured by GC/MS-Scan. The limit of detection for naphthalenes and phenanthrenes is 
therefore expected to be higher than for PAH. The order of magnitude of the estimate 
0,2 mg/kg is therefore reasonable. 

17(H),21(H)-Hopane is only measured by few laboratories, and the standard deviations 
vary much between different samples. It is therefore only possible to arrive at the order 
of magnitude for the limit of detection from the present data. Four samples have low 
and very similar concentrations, from 0,06 mg/kg to 0,09 mg/kg. The standard devia-
tions range from 0,002 mg/kg to 0,021 mg/kg. Pooling these standard deviations gives 
an overall measure for repeatability standard deviation at low concentration of 0,01 
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mg/kg with 9 degrees of freedom. This gives an estimate for the order of magnitude for 
the limit of detection of 0,03 - 0,05 mg/kg. 

5.5 Qualitative evaluation 

The laboratories were asked to give a qualitative evaluation of the composition of the 
samples. Four laboratories submitted the evaluation and their individual evaluations are 
shown in Annex I. The laboratories agreed fairly well in their evaluation, and a sum-
mary is shown in Table 80. 

Table 80 Summary of qualitative evaluation of hydrocarbon content. 

  Qualitative evaluation  
Sample "Assigned value" ISO 16703mod Participants' present method 
B Soil with no natural hydro-

carbon content, spiked with a 
mixture of diesel and heavy 
fuel oil. 

Mixture of fresh diesel oil and 
a heavy oil (lubricating oil, 
motor oil, heavy fuel oil, or 
bunker oil were mentioned). 

- 

C Mixture of soil with no hydro-
carbons and compost (1+3). 

Natural components. Two 
laboratories detected traces 
of petrogen hydrocarbons. 

- 

D Sample from soil remediation 
spiked with BTEX. 

Weathered diesel oil. Two 
laboratories detected natural 
components. 

- 

E Sample C spiked with heavy 
fuel oil. 

Heavy fuel oil. Two laborato-
ries detected natural compo-
nents. 

Heavy fuel oil. 

F Soil from road sweeping. Heavy oil (lubricating oil, mo-
tor oil). Two laboratories de-
tected natural components. 

- 

G Sample from soil remedia-
tion. 

Weathered diesel oil. One 
laboratory detected natural 
components, and one labora-
tory detected a heavier oil 
mixed with the gas oil. 

Weathered gas oil. 

H Sample C spiked with diesel 
oil. 

Diesel oil. - 

 

At the qualitative level, the participants have described the samples well. A summary of 
the indicators for the source of hydrocarbons is shown below for comparison (Table 
81). 
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Table 81 Summary of average results for indicators for sources of hydrocarbons. 

Sample 
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B  1,58  0,55  0,083  1,47  1,87  1,66  1,08  0,91  79  63 
C  0,112  0,02  0,087  (4,26)  (4,44)  (1,23)  (0,99)  (2,61)  25  110 
D  1,08  0,46  0,225  0,24  0,27  1,23  2,16  3,55  280  140 
E  0,66  1,41  0,394  3,57  3,47  0,75  0,93  1,02  130  410 
F  0,19  0,56  1,38  1,93  1,17  0,92  1,20  5,55  110  760 
G  0,29  0,23  0,139  0,24  0,096  1,43  2,25  2,63  290  90 
H  93  7,9  0,091  1,43  1,44  1,46  1,03  0,98 3700  170 

 

The results of sum of naphthalenes and sum of phenanthrenes indicate that all sam-
ples except sample C contain petroleum hydrocarbons. 

The results for 17α(H),21β(H)-hopane indicate that sample F, and possibly also sample 
D, E and G contain a heavy petroleum hydrocarbon product. 

Results for n-C17/pristane and n-C18/phytane indicate that petroleum hydrocarbons in 
sample D and G are weathered. 

The pristane/phytane index gives no additional help in interpretation of the results. 

CPI indices indicate that sample D, F and G contain hydrocarbons of plant origin. 

Results for the hydrocarbon fractions >C10 - C25 and >C25 - C40 show that sample D, G 
and H contain mainly diesel-type hydrocarbons, sample E and F mainly heavier hydro-
carbons, and sample B is a mixture of diesel-type and heavier hydrocarbons. 

Rearranging this information to show the qualitative information sample by sample 
gives: 

Sample B Mixture of diesel-type and heavier petroleum product with no sign of 
weathering. 

Sample C Natural components. 

Sample D Weathered diesel-type petroleum product, possibly with content of a 
heavier product. Indication of natural components. 

Sample E Heavy petroleum product. 

Sample F Heavy petroleum product. Indication of natural components. 

Sample G Weathered diesel type oil, possibly with content of a heavier product. 
Indication of natural components. 

Sample H Diesel-type petroleum product with no sign of weathering. 

Comparison of this information to the overview of participants' evaluations in Table 80 
shows that the indicators included in ISO 16703mod in combination give a qualitative 
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description similar to the evaluation based on participant experience. The indicators in 
themselves are quantitative measures and therefore it is to be expected that the quali-
tative information based on interpretation of the indices will be more uniform than has 
been possible until now. The evaluation is based on all indices in combination except 
pristane/phytane. 

ISO 16703mod thus allows an improved qualitative description of the content of a sam-
ple with possible contamination by petroleum products. The method does not include 
directions for quantitative separation of hydrocarbons of natural origin from hydrocar-
bons of petrogen origin. Total hydrocarbons in samples containing humus, plant mate-
rial etc. will therefore be a sum of petrogen and natural hydrocarbons, as is the case for 
present methods. 
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6 CONCLUSIONS AND RECOMMENDATIONS 

The method evaluation study shows that the developed method, ISO 16703mod, is suit-
able for analysis of mineral oil in soil. The performance characteristics obtained are de-
scribed below. 

The performance characteristics for benzene are estimated from only two samples due 
to inhomogeneity of some samples with respect to this parameter. Since the perform-
ance is acceptable for remaining volatile aromatics and the results for benzene are 
similar, it is recommended to accept the method also for benzene. 

Trueness 
The recovery for total hydrocarbons and hydrocarbon fractions was found to be in the 
order of 98 to 114%. The recovery for ISO 16703mod is better than that obtained by par-
ticipants' present methods for the heavy fraction of hydrocarbons from C25. Recoveries 
for ISO 16703mod and participants’ present methods are similar for the lighter fractions.  
This is expected since present methods determine hydrocarbons up to C35 whereas 
ISO 16703mod includes hydrocarbons up to C40. 

The study indicates recoveries for toluene, ethylbenzene, m+p-xylene and o-xylene in 
the order of 70% - 90%. Recovery for benzene is slightly lower (67%). The recoveries 
are lowest in low concentration samples. Previously held proficiency tests have shown 
slightly better recoveries, from 90% to 100%. However, those proficiency tests were 
based on samples spiked by participants immediately before analysis, and the recover-
ies seen in the method evaluation study are deemed sufficient. 

The study shows recoveries for PAH from 90% and up.  

Recoveries for indices for source of hydrocarbons (sum of naphthalenes, sum of phe-
nanthrenes, 17α(H),21β(H)-hopane, n-C17/pristane, n-C18/phytane, pristane/phytane, 
CPI(15-21) and CPI(25-33)) are investigated in one sample. Recoveries are from 86% 
to 119%. In a qualitative evaluation, all indices were at the level to be expected from 
prior knowledge of sample composition. 

Repeatability standard deviation:  

Benzene, toluene, ethyl-
benzene, m+p-xylene, o-
xylene 

0,01 - 0,02 mg/kg (concentration < 0,2 mg/kg). Repeat-
ability standard deviation for benzene (one sample) is 
0,08 mg/kg. 
1 - 5% (concentration > 0,2 mg/kg) 

C6H6 - C10 0,5 mg/kg (low concentration) 

>C10 - C25 9% 

>C25 - C40 11% 

Total hydrocarbons 9 % 

PAH 15% 
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Sum of naphthalenes, sum 
of phenanthrenes 

0,03 - 0,05 mg/kg (concentrations <approx. 1 mg/kg) 
4 - 5 % (concentrations > approx. 1 mg/kg) 

17α(H),21β(H)-Hopane 13% 

n-C17/pristane,  
n-C18/phytane 

20% 

Pristane/phytane 6% 

CPI(15-21), CPI(25-33) 10 - 13% 

Reproducibility standard deviation:  

Benzene, toluene, ethyl-
benzene, m+p-xylene, o-
xylene 

20 - 30%  

C6H6 - C10 5 mg/kg (low concentration) 

>C10 - C25 23% 

>C25 - C40 32% 

Total hydrocarbons 25% 

PAH 30% 

Sum of naphthalenes, sum 
of phenanthrenes 

57 - 90 % 

17α(H),21β(H)-Hopane 67% 

n-C17/pristane,  
n-C18/phytane 

32 - 48% 

Pristane/phytane 16% 

CPI(15-21), CPI(25-33) 15 - 18% 

Repeatability and reproducibility standard deviations are similar to what was seen in 
proficiency tests using other methods and in the validation study performed at the end 
of method development. It is worth noting that previous investigations were performed 
using dried and crushed soils, whereas the present study was performed on field-moist 
soils, except for one sample. Sub-sampling uncertainty is therefore included in the pre-
sent precision measures to a larger extent than was previously the case. 

Limit of detection: 

Limit of detection was estimated from repeatability standard deviations at low concen-
tration. The primary aim was to check that the limit of detection described in the draft 
method sent to participants could be obtained. For the purpose of this check it was es-
timated that the limit of detection was 3 - 5 times the repeatability standard deviation. 
No limit of detection is estimated for benzene due to insufficient data. This means that 
the individual laboratory must determine the practical LOD for benzene. 
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Toluene, ethylbenzene, 
m+p-xylene, o-xylene 

0,02 - 0,05 mg/kg (uncertain) with MS detection. The 
draft method’s estimate of 0,01 mg/kg can probably not 
be achieved. 

C6H6 - C10 2,5 mg/kg 

>C10 - C25 5 mg/kg 

>C25 - C40 10 - 15 mg/kg 

Total hydrocarbons 30 mg/kg or better 

PAH 0,005 mg/kg. This limit of detection can not be 
achieved in complex samples. 

Sum of naphthalenes, sum 
of phenanthrenes 

0,2 mg/kg 

17α(H),21β(H)-Hopane 0,03 - 0,05 mg/kg 

The concept "limit of detection" is not valid for parameters that are indices. This study 
shows that it will be important to define limit of detection for the analytical parameters 
entering into calculation of the indices to avoid misleading indices being generated for 
samples that are in reality below the limit of detection for some or all parameters enter-
ing into the calculations. It is recommended to publish the method based on present in-
formation with a cautionary note on this problem, and to seek possibility for a supple-
mentary study to provide more specific guidance in a future revision of the method. 

Summary 

It is recommended to publish ISO 16703mod as a method from the Reference Labora-
tory and to withdraw the present Reference Laboratory method for oil in soil /1/. ISO 
16703mod improves present methods as follows: 

• Extraction efficiency is improved for the heavier fraction of hydrocarbons and the 
heavy fraction covers hydrocarbons up to C40 compared to present C35. 

• Results for lighter hydrocarbon fractions, up to C25, are comparable to those ob-
tained using participants’ present methods. 

• The method includes PAH. 

• Precision is at least as good as present methods. Precision in this study includes 
sub-sampling uncertainty to a higher degree than previous studies since field-moist 
samples are used. 

• The method includes indicator parameters aiding the qualitative interpretation of the 
source for hydrocarbons. 

The method distributed to participants is revised as a result of this method evaluation 
study. Major revisions are: adaptation of the format to that used for methods from the 
Reference Laboratory (which is similar to that used by ISO), addition of guidance on in-
terpretation of data for indicators for source of hydrocarbons and revision of data on 
method performance based on results from the present study. The final method is 
shown in Annex M. 
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