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Foreword 

This document (CEN/TR 15522-2:2006) has been prepared by CEN/BT/TF 120 “Oil spill identification”, the 
secretariat of which is held by SN. 
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Introduction 

This Technical Report gives a recommendation on a forensic methodology for identifying waterborne oils. The 
methodology may be a support to the legal process as evidence for prosecuting offenders ("potential 
responsible party" – PRP). This methodology is a technical revision of the Nordtest Method NT CHEM 001 
(1991) "Oil spill identification".  

This methodology is described by the following CEN documents: 

Part 1 – Sampling: describes sampling techniques and the handling of oil samples prior to their arrival at the 
forensic laboratory; 

Part 2 – Methodology: covers the general concepts and laboratory procedures of oil spill identification 
methodology, analytical techniques, data processing, data treatment, and interpretation/evaluation of results. 

Oil spill identification and oil comparison is a complex methodology due to the large variation in samples and 
oil spill situations, which can be encountered. Part 1 is a compilation of instructions and experiences from 
experts all over the world and will guide the user in sampling, storing and delivering oil samples. Part 2 will 
guide the reader through the process by dividing the methodology into 3 tiered levels. It prescribes how to 
prepare and analyse oil samples with GC/FID and, if necessary, with GC-low-resolution mass spectrometry. 
Differences found between samples are only relevant if a difference is larger than the analytical variance of 
the method. Therefore good analytical performance and strict quality assurance are essential. In the annexes 
of part 2, relevant information concerning different types of oil and oil comparison is presented.  

The main purpose of the methodology described in this Technical Report (TR) is to identify oil spills in marine, 
estuarine and other aquatic environments by comparing samples from spills with those of suspected sources. 
In oil spill identification cases, both the oil spill and also suspected source(s) may not necessarily be 
homogeneous in nature e.g. due to the changing/variable nature of oil in the bilge tanks or e.g. mixing of oil 
spills from several sources in a case of a larger incident. The risk therefore exists that the chemical 
composition of the reference samples may not be related to that of the spill. In such cases oil spill 
fingerprinting methodologies in general will have its limitations and may not necessarily lead to firm 
conclusions. To minimise the danger for “false negative” matches, good sampling practice, and particularly the 
need to obtain appropriate reference/suspect source samples, is therefore crucial (as described in Part 1 
Sampling). 

When suspected sources are not available, this methodology may be used to characterise the spill as far as 
possible with respect to oil type. The identification of the type of oil in a sample can be essential for several 
reasons: 

 if the origin of an oil pollution event is unknown, the investigating authorities must be advised on where to 
find a possible source. In case of a “mystery” spill, the mere differentiation between pure, unused 
products or crude oil and waste oil (bilge residues, sludge, slops) is valuable information. Oils must be 
identified rapidly in such cases because the chances of identifying sources generally decrease with time; 

 meaning of analytical results, i.e. their contribution to the overall evidence in criminal proceedings, 
depends very much on the types of oil that are involved in oil spills. Depending on these types, the search 
can be more or less focused on a few possible sources, or even a single one; 

 in court trials, the differentiation between pure products and waste oil may be highly important because it 
allows conclusions to be drawn regarding the cause of an oil discharge, e.g. technical failure, 
inadvertence, intention; 
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 conclusions obtained from the defensible identification of spilled oil and their correlation to suspected 
sources will not, however, on their own identify the "potential responsible party" (PRP), but is often a 
critical part of, and a support to, the legal process. 

In these guidelines, some activities are marked as “Optional”. These are suggestions to supplementary 
diagnostic documentations, e.g. in cases where there may still be uncertainty in drawing conclusions based on 
the “standard” recommended methodology. 

The first draft of the methodology was evaluated through a Round Robin study organised by the CEN/BT/TF 
120 Oil Spill Identification. This test was limited to crude oils and heavy fuel oils. Two more recent Round 
Robin tests organised by RIZA in the Netherlands, where fifteen laboratories participated, covered cases with 
light fuel oil distillates (diesel oils,) and bilge water samples (a mixture of gas oils and lube oil). Findings from 
these RR-tests have been taken into account for refining the suggested methodology. 
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1 Scope 

This Technical Report (TR) describes a methodology to identify waterborne oils spilled in marine, estuarine 
and aquatic environments by comparing samples from spills with those of suspected sources . It provides 
detailed analytical and processing specifications for identifying waterborne oil spills and their correlation to 
suspected sources. When suspected sources are not available, the methodology may be used to characterise 
the spill as far as possible with respect to the oil type. 

This methodology is restricted to petroleum and petroleum products containing a significant proportion of  
HC-components with a boiling point above 200 °C. Examples are: Crude oils, condensates, light fuel oils, 
diesel oils, residual bunker oils, lubricants, and mixtures of bilge and sludge samples. Still, the general 
concepts described in this methodology have a limited applicability for some kerosenes and some 
condensates, but may not be applicable for gasoline 

NOTE This method is not intended for oil spills to groundwater and soil. The chromatograms of oil extracted from soil 
and found in ground water may contain reduced and/or additional peaks compared to the source sample. Including such 
samples in this method makes it necessary to add extraction methods and to describe which compounds are possibly 
reduced and/or which additional peaks can be expected to change the final conclusion from a probable match into a match. 
This is beyond the scope of this guideline, however,  when case samples completely match according to this method, the 
method is valid for those samples. 

2 Normative references 

The following referenced documents are indispensable for the application of this European Standard. For 
dated references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

CEN/TR 15522-1, Oil spill identification – Waterborne petroleum and petroleum products – Part 1: Sampling 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
chain of custody 
line of actions taken for samples from spill and suspected sources at court for safe surveillance and storing; to 
ensure that the samples have not been tampered with or altered accidentally 

3.2 
contamination 
all changes in oil composition which take place during/after the spillage, by mixing with additional compounds, 
including natural products 

3.3 
critical difference (CD) 
value less than or equal to which the absolute difference between two test results obtained under repeatability 
conditions may be expected to be with a probability of 0,95; the critical difference is defined as CD= ((mean x 
r95%)/(100) 

3.4 
diagnostic ratios 
ratios between the peak height or peak area of single compounds or compound groups selected by their 
diversity in chemical composition in petroleum and petroleum products and on their known behaviour in 
weathering processes 
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3.5 
identity 
no differences observed in the chromatographic patterns of GC/FID and GC/MS apart from those changes 
introduced after the spill (weathering, degradation etc.) 

3.6 
inconclusive 
when differences in chromatographic patterns and diagnostic ratios of the samples submitted for comparison 
are larger than the analytical variance of the method and may only, to some extent, be explained by external 
factors like weathering, contamination, heterogeneity of the samples or too low an amount of sample material 

NOTE Differences may be due to e.g. heterogeneities of the oil either within the spill or within the suspected source 
(e.g. within the ship tank), that is not reflected in the available samples analysed, or differences are present because the 
samples do not originate from the same source. 

3.7 
non-match 
when differences in chromatographic patterns and diagnostic ratios of the samples submitted for comparison 
are distinct and larger than the analytical variance of the method and they cannot be explained by external 
factors like weathering, contamination and heterogeneity. The samples are distinctly different  

3.8 
positive match 
when differences in chromatographic patterns and diagnostic ratios of the samples submitted for comparison 
are lower than the analytical variance of the method or can clearly be explained by weathering. The samples 
are identical beyond reasonable doubt 

3.9 
probable match 
when differences in chromatographic patterns and diagnostic ratios of the samples submitted for comparison 
are larger than the analytical variances of the method, but can be explained by external factors like 
contamination or heterogeneity of the samples 

EXAMPLE Comparing lubricating oil with the lubricating oil part of a bilge sample may lead to a probable match. 

3.10 
repeatability (r) 
precision under repeatability conditions 

[ISO 5725-2] 

3.11 
repeatability conditions 
conditions where independent test results are obtained by the same method on identical test material in the 
same laboratory by the same operator (panel leader) using the same equipment within short intervals of time  

[ISO 5725-2] 

3.12 
repeatability limit (r95%) 
value less than or equal to the difference between two test results obtained under repeatability conditions 
which may be expected to be within a probability of 0,95 

[ISO 5725-2] 

3.13 
waterborne oil 
petroleum and petroleum products borne by water or available in the water column from marine, estuarial and 
aquatic environments (includes lakes and rivers but excludes groundwater) 
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3.14 
weathering 
all changes in oil composition which take place after the spillage, including evaporation, dissolution, 
emulsification, oxidation and biological decomposition. See also Annex G 

4 Strategy for identification of oil spills 

4.1 General 

Identification of spilled oils in the context of this CEN Technical Report implies the comparison of the total 
chemical composition of the spilled oil with that of candidate source samples.  

NOTE Identity, per se requires all measurable data to be the same. This definition is practically and technically 
impossible to fulfill and instead, the definition of identity is rephrased in operational terms: two samples are identical if no 
differences in the analysed GC/FID and GC/MS data are present that cannot be explained by weathering. The task of 
looking for differences in chemical composition instead of proving similarity is conceptually more logical and easier to 
comply with. According to this, only distinct differences between samples can be proved, whereas identity per se cannot. 
Therefore, only when no differences between samples are observed should identity be concluded as being beyond 
reasonable doubt. 

Identity should be tested by analyzing and comparing the detailed chemical composition of the selected 
samples by chemical fingerprinting of a suite of generic and diagnostic petroleum compounds. If no or only 
insignificant differences (i.e. differences being smaller than the analytical variance) are observed, identity 
should be concluded as being beyond reasonable doubt. On the other hand, if true differences (i.e differences 
not related to changes in the chemical composition introduced after the spill, e.g. from weathering etc.), that 
are larger than the variance of the analysis are observed within these diagnostic compounds, it should be 
concluded that the samples are different. 

In the European community oil comparison is performed by laboratories, which analyse oil samples daily, but 
also by laboratories, which only compare samples a few times a year. Common practice has traditionally been 
to analyse samples qualitatively and then compare the chromatograms and ion chromatograms visually. The 
outcome of such comparisons depends on the experience of the analyst. Laboratories, which rarely analyse 
oil samples, may experience difficulties in reaching the right conclusions, therefore, this guideline introduces 
the use of diagnostic ratios. The selection of the ratios is based on the known weathering behavior of 
compounds and the diversity in chemical composition of oils from different wells and oil types [14]. To reduce 
the variance, ratios are generated by using the area or peak height of compounds, which are recorded by the 
same m/z value and that are within the same reasonable retention time range. The resulting ratios are 
compared using the repeatability limit (3.12) as a test method. For those laboratories who work daily on a 
“quantitative analytical” level, and that have good laboratory routines for doing “exact” quantification of the 
recommended diagnostic peaks, the ratios recommended in these guidelines may be established based on 
exact quantitative analysis. 

For the comparison of the diagnostic ratios from the GC/MS data, 29 diagnostic ratios, generated from 
diagnostic PAH compounds and biomarkers, that are robust against weathering have been selected to cope 
with the differences in oil samples and oil types. Whereas most of the ratios may be used when crude oil, 
bunker oil and bilge samples are involved, only a limited number may be useful for lighter fuel oils (e.g. 
kerosene, parafin, diesel, gas oil) because some of the high boiling biomarkers may not be present in such 
light refined products. In identification cases where the oil spill has been exposed to a low degree of 
weathering, 3 ratios of acyclic isoprenoids (the n-C17 /pristane, n-C18 /phytane and pristane/phytane ratios) 
from the GC/FID analyses and 4 suggested ratios of the sesquiterpanes (in the C13  to C16  area) may also 
be included for comparison of diagnostic ratios if a weathering check shows that these compounds have not 
been exposed to weathering. 

Before integrating the compounds applied for calculating the diagnostic ratios, a visual inspection of the 
diagnostic ion chromatograms (see 6.3.5.2 – 6.3.5.4) should be carried out to eliminate some of the 
recommended diagnostic peaks that may not be present in sufficient concentrations, used to establish robust 
diagnostic ratios. Also, a visual comparison of the ion chromatograms is advised to enable exclusion of 
obviously different samples. After the comparison study of diagnostic ratios(see 6.4), a visual, one by one 
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comparison of the printed ion chromatograms of the relevant samples should also be carried out to verify 
(ground-truth) the conclusion. 

4.2 Procedure 

When an oil spill has been discovered, samples should be taken from the current spill and from any potential 
responsible parties such as suspected ships or other sources. All samples should be sent either via an 
authorised “Sampling Co-ordinator” or directly to a forensic laboratory for oil spill identification. 

The oil spill identification methodology is comprised of: 

 sampling from the spill and from the suspected sources. When suspected sources are not available, 
methodology may be used to characterise the spill as far as possible with respect to the oil type. The 
sampling shall be carried out in accordance with CEN/TR 15522-1; 

 visual description of samples, see 5.2; 

 preparation of samples, see 5.3; 

 gas chromatography combined with flame ionization detection (GC/FID) screening of all involved samples. 
Evaluation of the chromatograms and calculation of diagnostic ratios, see 4.3.2 and 6.2; 

 gas chromatography combined with mass spectrometry (GC/MS) fingerprinting of samples. Evaluation of 
the chromatograms and calculation of diagnostic ratios, see 4.3.3 and 6.3; 

 comparison of diagnostic ratios, see 6.4; 

 conclusions and reporting see clause 7. 

4.3 Decision chart of analytical and data treatment levels  

4.3.1 General 

The identification system for oil spills is divided into three levels of decisions, see Figure 1. 

4.3.2 GC/FID screening (level 1) 

After sample preparation (see 5.3), the chemical fingerprinting analysis in the laboratory starts with the 
GC/FID screening analysis of all samples, i.e. both samples of spilled oils and suspected sources. The data 
from this screening should be used for: 

 characterising the oil sample(s) by obtaining the overall boiling (carbon) range of the oils, i.e. the total 
distribution of hydrocarbons including n-alkanes from C10 to C40 if present, see 6.2.1. For an overview of 
boiling points of n-alkanes, see Annex E; 

 visual inspections of the chromatograms for possible characteristic features and a tentative classification 
to a type of the spilled oil if possible, see Annex H; 

 establishing selected acyclic isoprenoid ratios readily determined using GC/FID, see 6.2.2.1. 

If the chromatograms are different and those differences are possibly caused by weathering a “weathering 
check”, either by a chromatographic overlay manipulation or by normalising the distribution of n-alkanes to 
non-weathered compounds is recommended, see 6.2.2.2 and Annex G. 

If the GC chromatograms from the spill samples compared to the suspected sources show differences in the 
hydrocarbon distribution, the unresolved complex mixture distribution and/or the acyclic isoprenoid ratios (see 
criteria in 6.2.2.1.) that obviously are not caused by weathering (non-matched samples), should be ruled out 
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and eliminated from additional levels of analysis (see Figure 1). If there are any doubts, the samples should 
be analysed in accordance with level 2. 

See also Annex H, on the evaluation of the GC-screening results (comparison of unresolved envelopes). 

4.3.3 GC/MS fingerprinting (level 2) 

At this level, analysis of spill and candidate source samples using gas chromatography combined with mass 
spectrometry that generally operates in the selected ion monitoring mode (GC/MS-SIM) should be performed. 
This analysis is useful for determining the content and distributions of a suite of diagnostic petroleum 
biomarkers and PAH target analytes. Data from this analysis should be used for: 

 visual inspection of the ion profiles in the chromatograms for possible characteristic features, and an oil 
type classification of the spilled oil, see Annex H; 

 generating a suite of diagnostic ratios based on an evaluation of the presence and “robustness” of  the 
diagnostic PAHs and biomarkers described in 6.3.5. 

To give additional diagnostic information, a semi-quantitative histogram established from a suite of selected 
PAH homologues may be used as a supplementary diagnostic fingerprint and as a check on the weathering of 
the PAH homologues (optional), see Annex G, Clause 8. 

4.3.4 Evaluation of data (level 3) 

At level 3, the results obtained from level 1 and 2 should be used for: 

 assessing the impact of weathering based on a weathering check of n-alkane data from level 1 and the 
semi-quantitative distribution of the PAH groups from level 2. The weathering checks are performed 
optionally; 

 deciding which diagnostic ratio can be used for comparison based on oil type and analytical variance, and 
which samples should be reanalysed because of heterogeneity, see 6.4.2; 

 comparison of diagnostic ratios data using repeatability limit, see 6.4.3; 

 visual comparison of generated ion chromatograms to check the results of the ratio comparison (ground-
truth all data). 

The results from all analytical levels should be assessed and the conclusions should be reported for the 
combined results of the test methodology used, see clause 6.5. Results should be specified either as a 
Positive Match, Probable Match, Inconclusive or Non-Match. 

Note These categories represent four operational and technical defensible conclusion terms (3.6-3.9) to identify or 
differentiate between oils from a spill and any available candidate sources. 
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Figure 1 — Protocol/decision chart for oil spill identification 

5 Sample preparation 

5.1 General 

The same sample preparation procedure should be followed for both GC/FID and GC/MS analysis, i.e. the 
same extracts should be analysed for both analyses. The sample preparation does not generally require 
asphaltene removal or separation of e.g. aliphatic from aromatic i.e., analysis of a ‘whole oil’ aliquot is 
recommended. 

The present methodology is based on semi-quantitative analysis (i.e. no internal standards are added), for 
establishing diagnostic ratios. 
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5.2 Visual examination of samples 

Colour, odour, viscosity and content of any free water and debris should be visually noted and reported. It is 
also recommended that each sample is photographed in order to document its "as-received" condition. Any 
pieces of wood, fabric, feathers or other debris should be removed from the sample with a pair of tweezers 
and noted in the report. 

5.3 Preparation 

5.3.1 General 

If a sample contains a significant amount of oil/emulsion, and an aliquot on the sample cannot be immediately 
prepared after arriving at the laboratory, the sample bottle should be stored in a refrigerator at (5 ± 2) oC. 
Sample preparation should be carried out as soon as possible, preferably within a week, particularly in cases 
concerning emulsions. 

If a sample contains primarily water and it cannot be immediately extracted, dichloromethane (DCM)1 should 
be immediately added after arrival, (e.g. 10 ml to a 1 l water sample). After shaking, the sample should be 
stored in a refrigerator at (5 ± 2) oC. Further sample preparation should be carried out as soon as possible, 
preferably within a week. 

5.3.2 Water samples 

If samples consist primarily of water (no visual oil on the surface), the oily water is transferred to a separating 
funnel. Use dichloromethane (DCM)1.Depending on the amount of oil, the sample should be extracted one by 
one or  serially (e.g. 60 ml, 30 ml and 30 ml of solvent if the sample volume is 1 l, less volume if the water 
sample is smaller). The sample bottle is rinsed inside with DCM1 before pouring it into the water sample for 
extraction. The extract is dried with sodium sulphate and diluted or concentrated to a suitable injection 
concentration. If a concentration step is needed use a gentle evaporation technique (e.g. Kudena Danish, 
Turbo Vap, N-Evap). 

5.3.3 Oil samples from polytetrafluoroethylene (PFTE) net 

PFTE net2 is recommended for sampling thin oil films [39]. The oil should be thoroughly rinsed off the PFTE 
net using DCM1 or the PFTE net can be extracted in DCM1. After drying with sodium sulphate, the extract 
should be diluted or concentrated to a suitable injection concentration. 

5.3.4 Thick oil and emulsified oil samples  

Samples consisting primarily of water or emulsified oil should be allowed to equilibrate at room temperature. 
Any free water should be decanted into a separating funnel. The oil/emulsion fraction is gently homogenised 
before an aliquot, 20 mg to 50 mg, is weighed in a tarred volumetric flask (5 ml) and diluted with DCM1 to the 
final volume. The extract should be dried with sodium sulphate. Samples consisting of solid oil, e.g. high 
elastic/viscous HFO, should be adjusted to room temperature. When homogeneity is questionable, take two 
aliquots, 20 mg to 50 mg, at different spots and treat the aliquots as different samples. 

5.3.5 Tar balls and emulsified lumps 

Oils weathered for a long time at sea and/or on shore may form very viscous oil lumps (“tar balls”) often 
centimetres in diameter. Their exposure to weathering may not be homogenous thus in such cases, it is 
                                                      

1 If DCM is not allowed, use another appropriate solvent e.g. hexane. 

2 Teflon is example of a suitable commercially available product. This information is given for the convenience of users 
of this CEN Technical Report and does not constitute an endorsement by CEN of this product. An example is Teflon net 
manufactured by SEFAR – Internet: www.sefar.com (Sefar Fluortex Product ref.09-150/36). 
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recommended to split the lump and obtain two aliquot samples of oil (20 mg to 50 mg each), one from the 
middle (inside) of the lump and one from the more exposed surface of the lump. Samples should be diluted in 
DCM as described in 5.3.4 before analysis by GC/FID and eventually GC/MS in order to obtain information 
about the variability in component composition within the sample. 

5.3.6 Samples from oiled birds, fish and other animals 

Samples from oiled birds, fish and other animals should be handled with the necessary care and precaution 
(e.g. to prevent carryover of contageous diseases). Visible oil on birds or sea animals should be wiped off 
using a piece of PFTE net. The PFTE net should be rinsed with DCM and the extract should be filtrated 
through a glass fibre filter to take away feathers and other particles. A clean up should be performed as 
described below to remove lipids and other polar substances before analysis by GC/FID and eventually 
GC/MS. If the oil cannot be wiped off, the feathers may be rinsed with hexane and followed by an extract 
clean up procedure as described in 5.4.2. When homogeneity is questionable, take aliquots from different 
areas and treat the aliquots as different samples.  

5.4 Recommended sample clean up methodology 

5.4.1 General 

Matrix interferences may be caused by contaminants that are co-extracted from the sample. Since biogenic 
materials and other naturally occurring materials may cause interferences, alumina and/or silica clean up is 
recommended for petroleum analyses to eliminate matrix interference prior to GC/MS and GC/FID analysis. 

If the purpose of the clean up is to remove polar compounds from the extract, it is recommended to use a pre-
packed silica column (see 5.4.3, [16]). If, e.g. heavy bunker oil is involved, silica clean-up may also be used to 
remove the high amount of asphalthenes in order not to deteriorate the instrumental conditions (injector, 
column and detector). 

5.4.2 Biogenic materials 

If the contamination of e.g. lipids or fatty acids is very high, it may be necessary to clean the extracts using an 
alumina column before the silica column. 

The alumina column should be prepared just prior to use: Pack the tip of a 19 mm ID column with a small 
piece of glass wool. Add ca 25 ml DCM to the column. Weigh 20,0 g of alumina into the beaker and add 30 ml 
of DCM1. Swirl to remove any bubbles. Slowly pour the alumina into the column while rinsing the beaker with 
DCM1. Allow to settle. Add approximately 2 g of sodium sulphate. Drain the DCM from the column until the 
head of the liquid in the column is just above the sodium sulphate. Close the stopcock to stop solvent flow. 
Add 50 ml of hexane and drain to the top of the packing material. Transfer the 1 ml sample extract (in DCM) 
onto the column. Rinse out the extract vial with 1 ml DCM and immediately add it to the column. Allow the 
sample to drain to the top of the packing material. Add 100 ml of DCM and slowly drain the column 
(approximately 2 ml/min). Collect the eluate in a 250 ml EM-flask. Concentrate the extract to 1 ml and do a 
solvent exchange as described below in 5.4.3. Alternative clean up procedures are described in [25]. 

5.4.3 Polar compounds from oil extracts 

If sample clean up is necessary due to a high content of polar compounds, pre-packed Bond Elut silica 
columns (500 mg of silica, e.g. Varian, Supelco or Isolute) are recommended. Displace the solvent (DCM1) 
with hexane by adding 1 ml of hexane and concentrate to a volume of 1 ml. This step should be repeated 
three times. Rinse the vial walls frequently with hexane to ensure that all the extraction solvent is displaced. 
The 1 ml sample is now ready for silica column clean up. The sample should be fractionated on the prepacked 
silica columns. Three bed volumes of the hexane eluant should be used. The extract should be concentrated 
to 1 ml and transferred to a GC-vial. The efficiency of the silica clean up has been tested by [16]. 
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5.5 Recommended injection concentration 

Oil samples contain a range of compounds in a range of concentrations. In an oil spill case both high and low 
concentration levels of compounds (diagnostic ratios) have to be evaluated. It is recommended, for the 
comparison of samples, that spill and source samples have about the same injection concentration as a large 
concentration difference may influence the final comparison. Therefore, it is recommended to use a mid-level 
injection concentration that should be tested during the validation of the instrument/method. The mid-level 
injection concentration may be determined by analysing the calibration range of an alkane standard mixture 
(see Annex A) and a crude oil (e.g. SINTEF Oil Mixture, see 6.2.2.1) to find the best peak shape for both high 
and low level compounds, and a sufficient S/N ratio (see 6.4.3.1) for the low level biomarkers in one injection. 

6 Characterization and evaluation of analytical data 

6.1 General 

When evaluating analytical data, it is important to have a good understanding of how a variety of weathering 
processes such as: evaporation, dissolution, photo-chemical oxidation, microbial degradation, wax-
enrichment/-depletion, etc., may influence the analytical results, see Annex G. Within a course of hours to 
days after an oil spill, evaporation may cause considerable changes in the chemical composition and physical 
properties of the spilled oil, which has to be taken into account when interpreting the defensible oil spill 
identification analysis [39]. 

Samples should be compared visually by comparison of ratios. Basically, a single analysis of each extract is 
sufficient for comparison using an RSD of  5 % to calculate the repeatability limits. However, this guideline 
recommends analysing the samples in duplicate to (see Annex I for an example):  

 test homogeneity, multiple analyses of samples should to be used, see 5.3.4 to 5.3.6;  

 test the actual relative standard deviation of the ratios duplicate analyses of the extract of some of the 
samples, representing the variety of samples, should be used, see 6.4. 

6.2 Characterization by GC/FID – level 1 

6.2.1 Overall characterisation 

The GC/FID approach should be used to make a quick screening characterisation of the oil samples. The 
GC/FID chromatograms, level 1 in the Decision Chart, Figure 1, give a descriptive “picture” of the distribution 
of the dominating hydrocarbons in the samples, e.g. individual resolved n-alkanes and major isoprenoides as 
illustrated by the example in Figure 2 and Figure 3. They also provide information on the extent of weathering 
on the spilled oil, and also if any “characteristic features” or “contaminating” components are present. Except 
for highly biodegraded crude oils (biodegradation in the reservoir) and special refined oils (lubricating and 
hydraulic oils), the n-alkanes should be the predominant/characteristic peaks, regularly distributed over the 
entire retention interval. 

Annex H presents and discusses examples of characteristic GC/FID-chromatograms of different oil spill 
samples, including: light fuel oils, heavy fuel oils, lubricating oils, ships’ bilge, sludge samples and different 
crude oils. Examples in this annex may prove helpful to providee a tentative classification of the spilled oil.  

Annex A.1 describes the use of analytical standard and Annex B.1 gives a specific suggestion for instrumental 
conditions for GC/FID equipment. 
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6.2.2 Calculations of results from GC/FID 

6.2.2.1 Acyclic isoprenoids ratio 

The acyclic isoprenoids ratios for n-C17/pristane, n-C18/phytane and pristane/phytane can be important ratios 
in the GC/FID chromatograms, unless the spill sample is too weathered, or if the concentration of these 
compounds in a sample is low relative to the unresolved complex mixture (UCM). 

These ratios may also be biodegradation indicators for the spilled oil with the source oil, and may monitor the 
effect of microbial degradation by a loss of hydrocarbons on the spill site. An example of a GC/FID 
chromatogram using the “SINTEF oil mixture “ (see note below) is shown in Figures 2 and 3. The baseline is 
set straight from valley to valley. 

These ratios are, however, very easily influenced by weathering, and should therefore not be included in any 
comparison without a thorough weathering check (Annex G, Figures G.8 to G.10). 

NOTE “SINTEF oil mixture “ is an oil blend (SINTEF ID: 2005-0439) prepared from four oils (denoted as: A: B: C: D) 
mixed together with a ratio of 2:3:1:4, and at a concentration of 10 mg of oil mixture/ml in Dichloromethane. 

A: Heavy fuel oil (HFO), IFO-180 (Characteristic feature: Oleanane); 

B: Russian crude oil, “Kyrtael” (Characteristic feature: Tricyclic terpanes) 

C: Crude oil from Sicily, “Prezioso” (Characteristic feature: Gammacerane); 

D: Asphaltenic oil from the North Sea “Grane” (Characteristic feature: Retene , nor-hopanes, triaromatic steranes). 

This oil mixture contains a significant level of all relevant diagnostic peaks suggested in the guideline, and chromatograms 
of  this oil mixture are used as examples in Clause 6 and Annex D. 

 

Figure 2 —Example of GC/FID chromatogram of the “SINTEF oil mixture - fresh sample” 
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Figure 3 — Example of GC/FID chromatogram of the “SINTEF oil mixture - weathered sample” 

Table 1 — Ratios from the GC/FID analysis 

Ratio Definition 

n-C17/pristane Heptadecane/pristane 

n-C18/phytane Hexadecane/phytane 

Pristane/phytane Pristane/phytane 

 
6.2.2.2 Evaluation of weathering 

GC analyses alone may provide only limited diagnostic characteristics when the petroleum sample has been 
highly weathered, e.g. samples taken from thin oil films at sea. A “weathering check” can be to integrate the  
n-alkanes in the GC/FID chromatogram and present the sample comparison in bar-charts (e.g. by use of 
Excel) normalised to a non-weathered n-alkane, e.g. C25. This will also reflect information on possible 
wax/paraffin redistribution as a part of the weathering process, see Figure G.7 in Annex G. Other techniques 
used for evaluating effects of weathering are presented in Annex G. 

6.3 Characterisation by GC/MS – level 2 

6.3.1 Overall characterization 

At this level, samples that were not ruled out at level 1 should be analysed by GC/MS. Polycyclic aromatic 
hydrocarbons should be separated via capillary gas chromatography, and identified and quantified using 
electron impact mass spectrometry. A data system interfaced to the GC/MS should be used to control 
acquisition and to store, retrieve, and treat mass spectral data. This method provides procedures for 
identifying and measuring the selected PAHs and biomarkers in the selected ion-monitoring mode (SIM) listed 
in Tables C.1 and C.2 in Annex C. The tables may be amended to meet project specific protocols. 

It is recommended to always analyse both the biomarkers and the PAHs listed in Table C.1, and to begin with 
a visual inspection of the extracted ion chromatograms of the biomarkers and the selected PAHs to rule out 
non-matching samples identify possible “characteristic features”, see informative Annex H. For the remaining 
samples, if present, the biomarkers and PAHs necesssary to calculate the diagnostic ratios should be 
integrated. As an option, the additionally analysed PAH homologues, listed in Annex C, Table C.1, may be 
used to provide additional diagnostic information and a weathering check of the PAH-homologues, see 6.3.4 
and Annex G. 
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6.3.2 Calibration 

An external standard is required at the beginning, after approximately every tenth injection and at the end of 
an analysis series to check instrument performance and stability during the series. Pay special attention to 
intensity and resolution. It is recommended to log the intensity of some peaks at the beginning, middle and 
end of the chromatogram to track system performance during and between series.  

High boiling compounds may influence the performance of the column. To prevent false negative conclusions, 
intensity and peak performance of the first and last standard of an analysis series should be compared. 

The laboratories may use their established procedures for the initial calibration and for continued calibration. 
As an example, Annex A shows how standard solutions are used to calibrate the instrument. 

6.3.3 Sample analysis 

Samples should be analysed under the same analytical conditions used in the analysis of analytical standards. 
Use and preparations of analytical standards are described in Annex A. 

The polycyclic aromatic hydrocarbons include the 16 “so-called” priority pollutant PAHs (16 EPA) and the 
petroleum specific alkylated (C1-C4) homologues of the selected PAH (alkylated naphthalene, phenanthrene, 
dibenzothiophene, fluorene, fluoranthene/pyrenes and chrysene series). These alkylated PAH homologues 
(see Annex C, Table C.1), are important for chemical characterisation and identification of oil spills. The 
suggested PAHs for calculating diagnostic ratios using peak areas, are given in Annex C, Table 2.  

The biomarkers given in Annex C, Table C.3 should be analysed in the same run as the PAHs. The 
biomarkers are used for measuring diagnostic ratios using either peak heights or areas. The tables in Figures 
13, 14 and 15 give the recommended biomarkers when calculating the diagnostic ratios. 

6.3.4 Optional: Semi-quantitative distribution of PAH homologues  

The semi quantitative results from the PAH analysis may also be used for a weathering check. This can be 
achieved in several ways, and it is suggested to normalise all data relative to C30-hopane (see calculations in 
B.4.4. in Annex B), and presented graphically, as the examples in Annex G, Figure G.10 and Figure G.11. If 
C30-hopane is not present, another non-weathered component that is present may be used as a normalising 
component e.g. fluoranthene or pyrene. 

The decalins are in the same boiling point area as the more water soluble naphthalenes and are therefore 
useful “reference components” to reveal any loss of PAHs due to dissolution in addition to possible 
evaporative losses, see Annex C, Table C.1. 

6.3.5 Diagnostic ratios 

6.3.5.1 Diagnostic ratios calculation 

Analytical data from PAH and biomarker compounds form the basis for generating a suite of diagnostic ratios. 
It is recommended that applied ratios are based on single compounds belonging to the same m/z group (refer 
to Table 2 e.g. m/z 192: DR-2-MP/1-MP), to eliminate the mass spectrometer's varying response for different 
ions. In many cases, however, it may be of diagnostic value to also include ratios based on different m/z 
groups (refer to Table 2 e.g. m/z 212, 206: DR-C2-dbt/C2-phe) to assess different levels of various compound 
groups. 

Diagnostic ratios (see definition in 3.4.) should preferably be based on peak heights for the biomarkers and 
peak areas for the PAHs. When integrating individual peaks, use of co-eluting peaks should be avoided, if 
possible. If  peaks of  e.g. 29Ts and 29ab coeluates, use either the peak height of the combined peaks or the 
total area of the combined peaks in the combined ratio (29Ts+29ab)/30ab.  

The diagnostic ratio (DR) between two distinctly peaks (A and B), should be based on the ratio formula: 
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DR = A/B; or 

DR = 100 x A/B (in %, depending on the preference of the user). 

The ratio formula A/B has a fixed RSD (relative standard deviation). 

NOTE Alternatively the ratio formula ( ) [ ]%
100

×+
×

BA
A

 could be used to calculate diagnostic ratios. It should be 

emphasised that the formula ( )BA
A

+
×100

 has a ratio dependent standard deviation. If a fixed RSD is used, then the 

confidence interval has to be adjusted to reflect the RSD dependency of the ratio itself. 

6.3.5.2 Diagnostic ratios of PAHs 

Petroleum from different oil fields can have very different PAH distributions. Several diagnostic ratios may be 
used for oil spill identification, see [9], [31], [34], [39]. The most diagnostic PAH analytes are the 
dibenzothiophenes and the phenanthrenes. In addition, the C1-pyrenes/fluoranthenes/benzofluorenes are 
included. In total there are ten recommended diagnostic ratios to be used, that are derived from PAHs and are 
given in Table 2. The ion chromatograms for peak identity are shown in Figures 4 to 12. 

One important feature are the methyl-phenanthrenes (ion mass 192) as they may be used to differentiate 
between crude oils and heavy bunker fuel oils ([13], and Figures H.21 and H.23 in Annex H). The aromatic 
compound cluster given by the mass 216 (methyl-pyrenes/methyl-fluoranthenes/benzofluorenes) may also 
give valuable diagnostic characteristic features that have shown to be relatively stable and especially suitable 
for comparing light fuel oil samples according to Annex H, Figure H.6. 

 

Figure 4 — Ion chromatogram of C1-phenanthrenes (m/z 192) of the “SINTEF oil mixture” 
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Figure 5 — Ion chromatogram of C1- dibenzothiophenes (m/z 198) of the “SINTEF oil mixture” 

 

 

Figure 6 — Ion chromatogram of Retene (m/z 234) and integrated area of C4-phenanthrenes of the 
“SINTEF oil mixture” 

 

 

Figure 7 — Ion chromatogram of C1-fluoranthenes/pyrenes/benzofluorenes (m/z 216) of the“SINTEF 
oil mixture” 
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Figure 8 — Ion chromatogram of C2-phenanthrenes (m/z 206) of the “SINTEF oil mixture” 

 

 

Figure 9 — Ion chromatogram of C3-phenanthrenes (m/z 220) of the “SINTEF oil mixture” 

 

 

Figure 10 — Ion chromatogram of C2-dibenzothiophenes (m/z 212) of the oil mixture 
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Figure 11 — Ion chromatogram of C3-dibenzothiophenes (m/z 226) of the “SINTEF oil mixture” 

 

 

Figure 12 — Ion chromatogram of C3- chrysene (m/z 270) of the “SINTEF oil mixture” 

Table 2 — Recommended diagnostic ratios for PAHs based on peak areas 

Ratio name Definition Ion mass 
(m/z) 

DR-2-MP/1-MP 2-methylphenanthrene/1-methylphenanthrene 192 

DR-4-MD/1-MD 4-methyldibenzothiophene/1-methyldibenzothiophene 198 

DR-C2-dbt/C2-phe C2-dibenzothiophenes/C2-phenanthrenes 212/206 

DR-C3-dbt/C3-phe C3-dibenzothiophenes/C3-phenanthrenes 226/220 

DR-C3-dbt/C3-chr C3-dibenzothiophenes/C3-chrysenes 226/270 

DR-Retene/C4-phe Retene / C4-phenanthrenes 234 

DR-B(a)F/4-Mpy Benzo(a)fluorene/4-methylpyrene 216 

DR-B(b+c)F/4-Mpy Benzo(b+c)fluorene/4-methylpyrene 216 

DR-2Mpy/4-Mpy 2-methylpyrene/4-methylpyrene 216 

DR-1Mpy/4-Mpy 1-methylpyrene/4-methylpyrene 216 
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6.3.5.3 Diagnostic ratios of Biomarkers 

The most common diagnostic biomarkers used within organic geochemistry and oil spill identification include 
terpanes, steranes and mono- and triaromatic steranes. Compared to n-paraffins or acyclic isoprenoids [29], 
these biomarkers are particularly useful because of their specificity, diversity and resistance to biodegradation 
and weathering. Through critical evaluation [14], a minimum suite of 19 diagnostic biomarker ratios, which can 
be related to the genetic character of a crude oil or a refined product, have been evaluated and selected, in an 
effort to identify the source of a "mystery" oil spill. The ratios between the two peaks (A and B), should be 
presented as described in 6.3.5.1. 

NOTE Full compound names tend to be very long, therefore abbreviations are frequently used. Of the many 
alternatives, the abbreviations (peak labels) for biomarkers defined in NIGOGA (The Norwegian Industry Guide to Organic 
Geochemical Analysis) combine relevant chemical information with shortness, see Annex C, Table C.3. These 
abbreviations are used throughout this guideline. 

This section attempts to define and describe a "useful minimum selection" of saturated biomarker parameters 
for oil identification and correlation. If an oil shows any additional characteristic compositional features, such 
as "extra" peaks like gammacerane, oleanane, extended tricyclic terpanes etc., these should of course always 
be included in the characterisation and considered in the identification and correlation comparison. The 
suggested diagnostic ratios are given in Figures13 to 15. 
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Abbreviation Name m/z 
C28 (22R) C28 tricyclic terpane 191 
C28 (22S) C28 tricyclic terpane 191 
C29 (22R) C29 tricyclic terpane 191 
C29 (22S) C29 tricyclic terpane 191 
27Ts 18α(H)-22,29,30-trisnorhopane  191 
27Tm 17α(H)-22,29,30-trisnorhopane  191 
28ab 17α(H),21β(H)-28,30-bisnorhopane 191 
25nor30ab 17α(H),21β(H)-25-norhopane 191 
29ab 17α(H),21β(H)-30-norhopane 191 
29Ts 18α(H)-30-norneohopane  191 
30d 15α-methyl-17α(H)-27-norhopane (diahopane) 191 
29ba 17β(H),21α(H)-30-norhopane (normoretane) 191 
30O 18α(H)-oleanane 191 
30ab 17α(H),21β(H)- hopane 191 
30ba 17β(H),21α-(H)-hopane (moretane) 191 
31abS 17α(H),21β(H), 22S-homohopane 191 
31abR 17α(H),21β(H), 22R-homohopane 191 
30G Gammacerane 191 
32abS  17α(H),21β(H), 22S- bishomohopane 191 
32abR 17α(H),21β(H), 22R-bishomohopane 191 
33abS 17α(H),21β(H), 22S- trishomohopane 191 
33abR 17α(H),21β(H), 22R-trishomohopane 191 
Ratio name Definition 
DR-C28  C28(R+S) /30ab 
DR-C29  C29(R+S] / 30ab 
DR-C28+C29 C28(R+S) + C29(R+S) / 30ab 
DR-27Ts 27Ts / 27Tm 
DR-28ab 28ab / 30ab 
DR-25nor30ab 25nor30ab / 30ab 
DR-29Ts 29Ts / 30ab 
DR-30O 30O / 30ab 
DR-30G 30G / 30ab 
DR-29ab 29ab / 30ab 
DR-30d 30d / 30ab 

Figure 13 — Ion chromatogram and recommended diagnostic ratios of the hopanes (m/z 191) of the 
“SINTEF oil mixture” 
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Abbreviation Name m/z 
27dbS 13β (H), 17α(H), 20S - cholestane  (diasterane ) 217 
27dbR 13β (H), 17α(H), 20R - cholestane  (diasterane ) 217 
28aaR 24-methyl-5α(H), 14α(H), 17α, 20R- cholestane 217 
29aaS 24-ethyl-5α(H), 14α(H), 17α, 20S- cholestane 217 
29bbR 24-ethyl-5α(H), 14β (H), 17β, 20R- cholestane 217 
29bbS 24-ethyl-5α(H), 14β (H), 17β, 20S- cholestane 217 
29aaR 24-ethyl-5α(H), 14α(H), 17α, 20R- cholestane  217 
   
27bbR 5α (H), 14β(H), 17β(H), 20R-cholestane  218 
27bbS 5α (H), 14β(H), 17β(H), 20S-cholestane 218 
28bbR 24-methyl-5α(H), 14β (H), 17β, 20R- cholestane 218 
28bbS 24-methyl-5α(H), 14β (H), 17β, 20S- cholestane 218 
29bbR 24-ethyl-5α(H), 14β (H), 17β, 20R- cholestane 218 
29bbS 24-ethyl-5α(H), 14β (H), 17β, 20S- cholestane 218 
Ratio name Definition 
 DR-29aaS  29aaS / 29aaR  
 DR-29bb  29bb(S+R) 1) / 29aa(S+R) 1) 
 DR-27bbSTER  27bb(S+R) /[28bb(S+R) +29bb(S+R)] 1) 
 DR-28bbSTER  28bb(S+R) / [27bb(S+R)+ 29bb(S+R)] 1) 
 DR-29bbSTER  29bb(S+R) / [27bb(S+R) + 28bb(S+R)] 1) 

 

NOTE Although it is generally recommended to use peak heights for generating the biomarker diagnostic ratios, the 
use of peak areas may in some cases be justified as with the steranes. Thus, as the sterane ββR- and ββS-isomers are 
not always well-resolved, it is recommend to measure the 27bb(R+S), 28bb(R+S) and 29bb(R+S) double peaks as one 
single peak by integrating the whole area and hence using the obtained areas for generating the relevant diagnostic ratios 
as shown in Figure 14. For the DR-29ααS either peak heights or peak areas may be used. 

Figure 14 — Ion chromatogram and recommended diagnostic ratios of the regular steranes and 
diasteranes (m/z 217 and 218) of the “SINTEF oil mixture” 
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Abbreviation Name m/z 

C20TA C20-triaromatic sterane 231 

C21TA C21-triaromatic sterane 231 

SC26TA C26, 20S-triaromatic sterane 231 

RC26TA+SC27TA C26, 20R- +C27, 20S-triaromatic steranes 231 

SC28TA C28, 20S-triaromatic sterane 231 

RC27TA C27, 20R-triaromatic sterane 231 

RC28TA C28, 20R,triaromatic sterane 231 

Ratio name  Definition 

DR-TA21  C21TA / RC28TA 

DR-TA26  SC26TA / SC28TA 

DR-TA27  RC27TA / RC28TA 

Figure 15 — Ion chromatogram and recommended diagnostic ratios of the triaromatic steranes  
(m/z 231) of the “SINTEF oil mixture” 

6.3.5.4 Optional: Diagnostic ratios of sesquiterpanes 

Sesquiterpanes may be included as an optional group of biomarkers. Sesquiterpanes are a group of bicyclic 
(C14-C16 polymethyl-substituted decalins) biomarkers that comprise one of the largest terpenoid classes. Thus 
sesquiterpanes, including drimane and eudesmane are ubiquitous components of crude oils and ancient 
sediments. In lighter to middle petroleum products such as jet fuel and diesel where refining processes have 
removed most of the higher-molecular-weight tetracyclic steranes and pentacyclic triterpanes, the lower-
molecular-weight bicyclic sesquiterpanes are generally concentrated. In GC/MS chromatograms these 
compounds may be examined by their characteristic fragment ions (m/z 123, 179, 193 and 207), from where a 
highly diagnostic means of correlation, differentiation and source identification of lighter to middle range 
petroleum products may be acquired. As any other low-boiling compounds, the sesquiterpanes are subject to 
evaporative weathering, a fact which has to be taken into account before using them for diagnostic purposes. 
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Figure 16 — GC/MS chromatogram of m/z 123 showing the presence of sesquiterpanes in the “SINTEF 
oil mixture”. Numbered peaks are individually quantified compounds. (See Table 3 for tentative 

identification of numbered peaks [24] 

Table 3 — Sesquiterpanes (m/z 123): Recommended diagnostic ratios (optional) [32] 

Abbrevation Name m/z 

SES1 
SES2 
SES3 
SES4 
SES5 
SES6 
SES7 
SES8 
SES9 
SES10 

C14H26-sesquiterpane  
C14H26-sesquiterpane 
C15H28-sesquiterpane 
C15H28-sesquiterpane 
C15H28-8β(H)-drimane 
C15H28-sesquiterpane 
C15H28-sesquiterpane 
C16H30-sesquiterpane 
C16H30-sesquiterpane 
C16H30-8β(H)-homodrimane 

123 
123 
123 
123 
123 
123 
123 
123 
123 
123 

Ratio name Definition 

DR- SES1 / SES2  
DR- SES3 / SES5 
DR- SES4 / SES6 
DR- SES5 / SES10 

C14-sesquiterpane (1) / C14-sesquiterpane(2) 
C15-sesquiterpane (3) /C15-8β(H)-drimane (5) 
C15-sesquiterpane (4) / C15-sesquiterpane (6) 
C15-8β(H)-drimane (5) /C16-8β(H)-homodrimane (10) 

 

6.4 Treatment of the results – level 3 

6.4.1 Comparison of samples using compound ratios 

If two oil samples are identical, their chemical composition is by definition the same, apart from those changes 
experienced by the spilled oil as a result of weathering, contamination and degradation. Thus measured ratios 
between any pair of compounds should ideally be the same (up to a certain statistical analysis related 
confidence level) in identical samples. Various ratios between individual compounds or a group of compounds 
have been described extensively and used to compare oil samples. In many cases such ratios may be refered 
to as "diagnostic" if they possess the quality to genuinely descriminate between different oils. This is often the 
case with ratios between biomarkers. Other ratios such as those based on PAHs may or may not have a 
similar diagnostic significance, especially regarding refined products and refinery processes (e.g. cracking and 
reforming), which may have affected the genuine petrogenic PAH distribution, see Annex H.4. However, 
genuinely diagnostic or not, any ratio not influenced by weathering or degradation should still show the same 
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value for identical samples and thus be of "diagnostic" value in a specific spill case and contribute to 
discriminating and ruling out "non-source" oils. 

6.4.2 Repeatability - Comparison of diagnostic ratios between samples 

To estimate an acceptable difference between two analytical results the standard deviation of the analysis 
method is used [19]. Repeatability, (r) is applied as a test method to compare individual ratios, assuming that 
the two samples to be compared are originating from the same source. Repeatability conditions (refer to 3.9 
and 3.10) are met when the samples are analysed in one series. If the repeatability limit (refer to 3.11) is 
exceeded, it is beyond reasonable doubt that this assumption is not valid and that the samples are originating 
from different sources. For a protocol/decision chart for diagnostic ratio evaluation see Figure 17. 

The repeatability limit of validation is based on standard normal distribution. Determining the repeatability 
standard deviation, sr of an analysis method depends on the quality assurance (QA) system of the laboratory. 
In general, sr is calculated by analysing samples relevant for a method at least seven times in one series 
when a method is taken into use and if the method has to be validated. Calculation of the standard deviation 
or relative standard deviation (RSD) reveals r. 

NOTE In this guideline, a repeatability RSD of 5 % is accepted as a reasonable value by several laboratories, which 
have contributed to this guideline. Performing a validation test with a good system and careful integration can easily lead 
to RSD’s of 1 % or even lower for some of the ratios. This can result in false negative results when analysing samples on 
a routine basis. Therefore, it has been decided to choose a fixed repeatability RSD of 5 % for sr. The  
RSD = 5 % limit can be seen as a quality criterion. Measured higher values for sr during validation of the method indicate 
a poor analytical method, which can lead to false positive results. The analytical method must be improved3). 

The repeatability limit r95 % is calculated by multiplying the fixed RSD (sr) with a factor 2,84) by using equation 
(1):  

(1) r95 % = 2,8 x 5 % = 14 % (1) 

This means when the samples are analysed under repeatability conditions each ratio with an sr of 5 % may 
not differ more than 14 % relative. 

The critical difference (CD) is calculated by using equation (2): 

(2) CD= ((mean x x r95 %) /100)                (2) 

When the value of the critical difference (CD) based on the repeatability limit r95% for one of the ratio’s 
between two samples is higher than the absolute difference measured, the samples are accepted as a 
positive match. This has to be evaluated for each diagnostic ratio. An example of a ratio comparison is given 
in Table 4. 

                                                      

3) The use of e.g. a fast GC program to decrease the analysis time in combination with a high number of masses in one 
SIM section, reduces the number of scans over a peak and significantly increases the variance of the method (refers to 
Annex B.2). 

4) The repeatability limit (r) is the difference between two test results; the associated standard deviation is σ√2. In normal 
statistical practice for examining the differences between these two values, the critical difference used is f times this 
standard deviation, i.e. f σ√2. For a normal distribution at a 95 % probability level, f is 1,96 and f√2 then is 2,77. As the 
purpose of this guideline is to give some simple "rules of thumb" to be applied by non-statisticians when examining the 
results of tests, it is reasonable to use a rounded value of 2,8 instead of f√2 [20]. Therefore, the repeatability limit r95 % is 
calculated by multiplying sr with 2,8. 
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Table 4 — Example of a ratio comparison based on the repeatability limit. 

Ratios to be compared in % 

Ratio sample 1 Ratio sample 2 
Mean Absolute 

difference 
Critical 

difference (CD) Conclusion 

48 52 50 52 – 48 = 4 50*14/100 = 7 No difference 

35 45 40 45 –  35 = 10 40*14/100 = 5,6 Different 

6.4.3 Criteria for selecting, elimination and evaluating diagnostic ratios 

6.4.3.1 General 

In Annex C, a list of target compounds and compound ratios are recommended for oil spill investigations. It is 
important to realise, however, that this suite of PAH and biomarker analytes are neither all inclusive nor 
appropriate for all oil spill identification cases. As discussed in Annex H, this depends on the type of oil spill. In 
some spill cases it may be prudent to include a certain characteristic feature of the spilled oil that is 
recognised as being particularly diagnostic. In other situations, the abundance of some compounds necessary 
to determine the suggested compound ratios are below analytical measurable limits or have been influenced 
by weathering or degradation. Thus, maintaining flexibility in the selection of the compound ratios to be 
applied is very important. Such flexibility can be maintained by acquiring a general, broad range of target 
compounds covering various petroleum hydrocarbon groups as those listed in Annex C. From this suite of 
target compounds, ratios based on non-weathered/non-degraded compounds should be generated.  

Generally, only those ratios that can be measured with a low variation should be evaluated by comparing 
candidate sources to a spilled oil [33]. Peaks at baseline level have an increased variance and should only be 
used for a visual comparison and not for the DR comparison. In order to evaluate the precision of the actual 
analysis series for the samples involved and the precision of the individual diagnostic ratios, the use of 
duplicate analyses is essential. For cases with two or three samples, all sample extracts should be analysed 
in duplicate.  For cases with more samples, some or the sample extracts (preferably including the spill 
sample) should be analysed in duplicate. 

Figure 17 shows a protocol/decision chart for DR evaluation. In the chart two methods are used for selecting 
and eliminating diagnostic ratios: 

- elimination by means of a signal to noise (S/N) test; 

- elimination by means of the comparison of the duplicate analyses. 
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Figure 17 — Protocol/decision chart for diagnostic ratio evaluation 
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6.4.3.2 Elimination by means of a signal to noise (S/N) test 

Only peaks with a S/N > 3 to 5 should be used for the ratio comparison test. S/N criterion is based on the 
method described by IUPAC [12] and shown in Figure 18. N is the peak-to-peak value of a part of the noise 
around a peak and S the peak height. A decision range of 3 to 5 is given, because it is often difficult to 
estimate the noise, which is caused by the many peaks present in the chromatograms of oil samples. 

As an example, a part of the m/z 191 ion-chromatogram (C28 (22R) to 27 Tm) of a bunker oil sample is shown 
in Figure 18. Included in the figure is a part of the ion chromatogram from 51,5 min to 55 min, demonstrating 
the noise calculation. Normally a part around the peak should have been taken to calculate the noise. 
Comparing, however, the noise from 37,6 min to 40 min with the noise later on, shows that not only the 
instrument causes but the noise around the peaks.  

In this example S = 1 950 and N is 450 resulting in S/N = 4,5, so both decisions are valid. Smaller peaks 
should not be integrated and larger peaks should be included in the DR comparison test. In the same way 
C28 (22R) and 29ba of Figure 13 can defensible be eliminated from ratio comparisons and only used for a 
visual comparisons. 

 

 

Figure 18 — Signal to Noise (N) calculation. The distance between the highest and lowest peak of a 
part of the noise is used as N and the peak height as S. S/N is 4,5 for this example. 
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Even more difficult is the decision to integrate groups of compounds. For e.g. propeller shaft lubricating oil 
many of the methylated PAHs mentioned in Table C.1 are present at a low concentration showing only the 
highest peaks of a group. In such cases the pattern should only be used for a visual comparison. 

In general the S/N > 3 to 5 criterion should be use as a rule of thumb to be able to eliminate small peaks and 
groups of peaks from the ratio comparison. 

6.4.3.3 Elimination by means of the comparison of duplicate analyses 

A duplicate analysis of two aliquots taken from a homogenous sample or the duplicate injection of an extract 
gives information about the actual performance of the analysing system for the samples involved. To improve 
the value of this test it is strongly advised, in cases with two or three samples, to analyse all samples in 
duplicate. In the case where there are many samples, at least some of the samples should be analysed in 
duplicate. In Annex I an example of the evaluation on an oil case with two samples is illustrated. 

A duplicate analysis of an extract should result in identical diagnostic ratios. Differences can only be caused 
by the method and the instrumentation. As a result of this test several options are possible: 

- Ratios of large peaks differing more than 14 %. 

Check the integration of the peaks involved (retention time and baseline drawing), instrumental conditions 
and/or injection concentration. E.g. a high injection concentration of compounds, not analysed by the SIM 
method, can still influence the properties of the peaks to be analysed. Eventually, perform a cleanup and 
reanalyse the samples. 

- Ratios of small peaks differing more than 14 %. 

Check the integration of the peaks involved (retention time and baseline drawing). If one or two ratios are 
still above the CD the peaks involved should only be used for a visual comparison. In Annex I  
DR-30d/30ab is eliminated from the final comparison for this reason. If many ratios are still above the CD 
handle them the same way as for large peaks. 

- All ratios differing less than 14 %. 

Go to the next step of the chart and compare the samples involved. Use the mean value of the diagnostic 
ratios of the samples analysed in duplicate. The mean value has a lower variance and comes closer to the 
actual real ratio of the sample. 

NOTE Comparing the mean of a duplicate analysis makes the comparison more robust and reduces the value of the 
relative standard deviation (RSD) by √ n. Therefore the RSD of the mean value of a duplicate analysis becomes RSD √2. 
For these guidelines however it has been decided not to reduce the repeatability limit of 14 %, because the RSD of 5 % is 
a chosen value and yields no difference between samples analysed in singular or in duplicate. 

6.4.4 Optional: Evaluation of diagnostic ratios using multivariate statistics 

Multivariate statistical methods like the principal component analysis (PCA) can be used as a tool to compare 
diagnostic ratios between multiple samples [6, 34] instead of the purely univariate approach described in 
sections 6.4.2 and 6.4.3. One advantage of multivariate statistical methods compared to univariate statistical 
methods is the ease by which relationships between multiple samples and variables (diagnostic ratios) can be 
resolved and visualized by scores and loading plots. Additional advantages include noise reduction, obtained 
by multiple measurements of the same phenomenon (i.e. inter-related variables), and their ability to detect 
outliers. 

The fundamentals of PCA as a data treatment tool in chemical fingerprinting, is that it summarizes the 
information in many correlated diagnostic ratios into a few so-called principal components that are weighted 
sums of these ratios. Hence, a model with few components (e.g. 1 or 2) describes the most prominent trends 
in data. By plotting principal components, e.g. the first principal component vs. the second, chemical 
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