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Extract | and Il are from two samples from the wgtiichloromethane

extracts).

Source | and Il are bilges samples from two bopts€ oil).
Samples from the surface water were taken in aléarthe Netherlands. An
oil spill was located and a sample (Extract I) tak€he next day a second
spill was found further on in the canal. Here adssample was obtained
(Extract Il). Sailing records revealed that two tsoeould have caused the
spills. From each boat a bilge sample was obta{Sedirce | and II).

Question: Do samples match? (Extract | and/or Extdawith Source | and/or

Source II).
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Dear all,

RIZA (Institute for inland water management and teasater treatment) is a
governmental institute responsible for the envirenmal quality of the
surface water in the Netherlands.

One of our tasks is the comparison of oil samptemfspills with possible
sources.

For many years we have exchanged spill samples y=ahwith the Dutch
Forensic Institute (NFI) for quality assurance. Thsults of each exchange
were evaluated in a report with the original rep@s$ appendix.

Due to questions of other laboratories we starbgether with BSH
(Bundesambt fir Seeschifffahrt und Hydrographis} jgear to organize an
(inter)national round robin. The round robin of 200RR2004) was dealing
with gas oil (diesel) samples. Fifteen laboratonésine countries
participated, resulting in a general report andfiginal reports as
appendixes. The results are available on request.

Samples and analysis method

It is intended to use each year a different kindarhple. This year our study
deals with three to four bilge samples (dieseldlcding oil), which must be
compared.

In most Round Robins a method is prescribed. Qill 8fentification

however is a typical “expert” method. Analytical theds can be given, but at
the end an expert has to take the decision basedl oxformation. For us the
RR is a means to inform each other how to deal wétbes.

From the results of RR 2004, it can be seen thatmbthe laboratories have
an own method, although a lot of them follow mordess the Nordtest
method.

The CEN working group CEN/BT/TF 120 intents to §hiin June an
European guideline for sampling and oil spill idénation of waterborne oil,
based on the Nordtest method.

So for next year we can advice to follow this guiide and discuss and
compare the results of the laboratories that halleviied it, in more detail.
But in general each laboratory has to follow itsnostandard procedure for
oil comparison.

The resulting report should not only consist ofrae yes or no, but also a
summary of the procedure should be given, togethtr detailed results and
reasons why a decision has been taken.

*k ] |



The original reports will be combined in a finapoat, together with an
evaluation of the results.

Time schedule

May: Request for participation

June: Delivery of the samples.

July/August: Reports have been returned.
September: Final report will be sent to the p#tats.

We hope it will be possible for everybody to an&\yhe samples and make a
report within two months, although we know that mofus will have a
vacation in that period.

Costs

Last year RIZA hasn't asked a contribution for tusts of organization and
reporting. Due to the number of laboratories pgtiting and the time
needed, which was quite more than expected, wehaskear a contribution
of € 500.

Coded results.

It's the intention to mention participants and threisults. It has the big
advantage, that information can be shared mordyedfsthis is a reason for
you, not to join the round robin please inform rifeu can participate
anonymously.

Participants

This request is sent to Dutch inland water labstigpants of CEN/BT/TF
120 and participants of RR2004 and some otherwady&ing in this field.
If you know other labs that like to join the rour@bin, please inform me.

If you are willing to participate in this round riobh please return the register
form by post or fax.
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Dear all,

Enclosed you will find 4 samples




Extract | and Il are from two samples from the wgtiichloromethane
extracts).

Source | and Il are bilges samples from two bopts€ oil).

Samples from the surface water were taken in aléarthe Netherlands. An
oil spill was located and a sample (Extract I) tak€he next day a second
spill was found further on in the canal. Here adssample was obtained
(Extract Il). Sailing records revealed that two tsoeould have caused the
spills. From each boat a bilge sample was obta{Sedirce | and II).

Question: Do samples match? (Extract | and/or Ettdawith Source | and/or
Source II).

For convenience and to be sure that each partitipegcomes the same
samples, the two spill samples have been extragtibddichloromethane and
dried with NgSO,

As indication: A dilution of the extract with a fieox 8 will give a good signal
on the GC-FID.

It could be necessary to homogenize the bilge sesnipy stirring (or
ultrasonic dispersion) prior to the analysis andntike a clean-up of these
samples.

The problems associated with the identificatiorbibde oil samples are
especially well described in
http://www.bsh.de/de/Produkte/Buecher/Berichte/Blet31/Bericht31.pdf.
Hints, tips and precautions are given here conagrttieir analysis and result
interpretation.

Because the method of analysis is free, | would tik have a short
description of the method, followed by a discussaout the results and
where the conclusions are based on. Chromatogreengeay welcome. If
numbers are used for comparison (absolute conderisa peak ratios), error
handling should be included (see also RR 2004,IReaort).

In the final report your original contribution witle present as annex.
Therefore | have to ask you to send the resultsdigital format by email.
The main part of the report will be small and gaveummary of the results.
| will send you a concept and make it final afteceiving your reactions.

Time schedule:
Start of August: Delivery of the samples.

August/September: Reports have been returned.
October: Final report will be sent to the partaips.
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=> The FID patterns of source 1 and 2 (Figure Dbwshn both cases, a
mixture of a heavy fuel oil and lubricants, as e patterns of the spill
samples (Figure 2). Source 2 was omitted from furihvestigation based on
the FID chromatogram and the MS Total ion chromedoy

Although neither of the samples could be unequillgcalated to source 1
based on this comparison, the patterns are veryasinthis is illustrated in
Figure 10. This would make source 1 the likelydidate for the spill if the
presence of other potential sources can be exclutes observed differences
can be related to weathering and sample inhomogenei
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=> The comparison of the samples Source | andnd, EBxtract | and 1l led to
the following conclusions:

- n-alkanes show differences in the region n-C1a-t©19, but these
variations are not significant due to possible erafion processes affecting
these distributions. On the other hand, the redatibundances of compounds
ranking from n-C20 to n-C30 did not show differesce

- The biomarkers (m/z=191, 217, 218, 231) did dmvato differentiate the 4
samples due to high variability.

- Finally, the diagnostic ratios calculated fromHPAanalyses present
variations that could explain differences of origiior Source | and Il. These
significant differences showed for fragment 216 a8d.

=> The conclusion of this oil spill identificatida that the samples collected
at the water surface do not seem to come fromwioebbats. Moreover, the

two bilge samples and the two surface samples Hdferent origins.
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=> In first approximation, the chromatogram of fber samples have the
same shape: mixture of light and heavier oils.

The comparison between the n-alkanes repartitiath@four samples shows
differences in low boiling rang, but it could corftem volatility of these
compounds: it does not allow to differentiate them.

The usually used biomarkers do not permit to cote]ibecause of their too
low abundance. Diagnostic ratios coming from theHPsA present more or
less significant differences, depending on the mered ratio.

As a conclusion,

- Oil spills at day 1 seem to be different from saur@and Il,

- Oil spills at day 2 seem to be different from sarand ll,

- Source | and source Il are different,

- Qil spill at day 1 seems to have the same sourd¢headay 2's.
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The usually used biomarkers do not permit to cote]ibecause of their too
low abundance.

i< - 4) 0
)  *)7A C * $ 9
) $ ) $ ** Ii<

*) 1o



) %) 7A C ) *m
) $ *) 8 $
) - M6 *: #)
) 17 %
extract | extract Il Source | Source Il
m/z=216 mean RSD in % |mean RSD in % Imean RSD in % Imean RSD in %
2M-fluoranthene 23055 8.4 23079 9.6 67871 84.8 83779 23.8
benzo(a)fluore 60827 7.4] 58517 2.9] 233463 64.0] 277480 21.1
ne
benzo(b)fluoren 24226 11.4 23276 4.5 71067 53.6 69110 42.8
e
2M-pyrene 14071 21.5] 14846 4.7] 135941 77.2) 177571 19.8
4M-pyrene 29785 11.6 30783 3.6] 216228 52.9 306144 9.5
1M-pyrene 18138 8.2 17829 1.6] 106854 49.6] 150598 8.4
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=> There is match between extract | and extracBxtract | and extract Il
match to source |.

+ 0 1 , &01'
A % ?
? > $ %MM M
# & ?> 6
$ 3% $ [/ $6 )
< [ ?> ) $
9 y 7> D
) $ $ )
C
) 96 8A#7 B8A
) ) 9 ) %9 A?MA >
A @ " F )
) & *7 % 0**0*

=> Based on the visual inspection, the samplesan®3 are the same kind of
oil. There are some differences between the sampéasd 2, but they are
quite similar oils. The sample 4 is different frahe samples 1 and 2.

The conclusion is:
- Samples 1 and 2 are possible matches.
- Samples 1 and 3 are a positive match.
- Samples 1 and 4 are no match.
- Samples 2 and 3 are a possible match.
- Samples 2 and 4 are no match.
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=> Based on visual comparison of GC-FID chromatogrand GC-MS ion
fragmentograms of spill and PRP source samplesge¢hneration and direct
and statistical comparison of 45 diagnostic compbratios for each sample
based on the repeatability limit, the following ctusions can be made:

Spill-1 (Extract-l) contains a mixture of fuel athdbricating (motor) oil, that
has been weathered to some degree affecting cordgdiglow nC20. This
sample match the PRP Source-l sample almost pérfectd hence these two
sample are identical beyond reasonable doubt. phlesample does not
match the PRP Source-Il sample, and the two sangskeson-identical.

Spill-1l (extract-Il) also contains a mixture ofdland lubricating (motor) oil
like Spill-1. It has been weathered and degradeligher degree than Spill-I,
but these two spill samples are probably identialthough this has not been
directly tested. Spill-1l sample match the PRP sedrsample closely but not
perfectly, and the two samples are therefore priybiaentical. Spill-1l does
not match Source-Il, and the two samples are nentidal.
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=> There is no match between Source || and ExtractExtract II.

There is a match between Source | and Extract I.
There is a match between Source | and Extract II.
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=> According to the results of GC fingerprints, PAi$tribution and
aliphatic biomarkes, no significant differences lcblbe observed among the
samples Extract I, Extract Il, Source | and Soutder this round robin.
Thus, Extract | and Extract Il match with both Soes | and 1.
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=> Extract | and Il: Positive match between thdlsgamples.
The spill samples are from the same source

- Source I:
- Source ll:

Positive match to the spills (Extrachta&xtract I1)
Non-match to the spills (Extract | aBxtract II)
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=> According to the result of our analysis theraigositive match between
spill samples (Extract | and Il) and Source |. Be¢w the spilled samples
(Extract | and Il) and the Source 1l there is amatch. We express this in
the same way as with other forensic comparisoreagd see the last page of
the SKL report.

The findings show with certainty that the oil spillsample Extract | was
identical with the bilge oil sample Source | at thegime of discharge (Level
+4).

The findings strongly indicate that the oil spill @ample Extract Il was
identical with the bilge oil sample Source | at thegime of discharge (Level
+3).

The findings show with certainty that none of the d spill samples
Extract | or Il were identical with the bilge oil sample Source Il (Level -
4).
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=>

Comparison of extract 1 and extract 2:

- The fractions C10-C12 and C12-C16 of the extracand 2 are
different and are also different from the same titats of source 1
and source 2, so the contamination of the canabisaused by one
of the sources and are also not related to eadr.oth

- If the difference in percentages of the more viddfiactions is
caused by evaporation and biological degradatioer) the two
extract samples are comparable and from the saoreeso

Contamination in the canal is from source | or seul:

- The source 1 mineral oil percentages in the “maravier” fractions
after C20 match very well with the same fractiohextract 1 and
extract 2. (see shading in table 2)

- Similar properties of the oil chromatograms of extrl and 2 en
source 1; the alkanes of fraction C18-C26 showgular
reduction in peak height. The peak heights of tharges of fraction
C18-C26 of source 2 show a hyperbolic pattern.
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Weathering check f normalised to the mean of C20 - C24
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Figure 6. Weathering check of the samples 1 — 4.
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Figure 3.1D Source II: Suspected source, SINTEF ID 20054-0842
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Weathering is investigated with help of the PW pilehere the area of each
of the n-alkanes is compared with the average efafea of five unweathered
n-alkanes. For slightly weathered oil samples we the average area of C17
- C21 and for more highly weathered samples weG&g - C24.
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positive match

differences in chromatographic patterns and diagooatios of the samples
submitted for comparison are lower than the anedytvariance of the method
or can clearly be explained by weathering. The damare identical beyond
reasonable doubt
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Figure 5 Aromatics distribution of 4 samples (m/z = 216 and 234) (error bars represent 95%
confidence level intervals, N=3)
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The analyses were run in triplicates for each samghd error bars
considering 95% confidence level intervals weretteld on the histogram.
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From the fragmentograms, an initial suite of 57ggi@stic compound ratios
(DRs) were calculated (most based on individuakdegights, some on areas
of whole isomer groups). Both the number of recdraas and selected
ratios are higher than and somewhat different ftbase suggested in the
CEN Guideline.

Generally, ratios were derived from measured peaglts and calculated as
A/B, but in a few cases calculated as A/(B+C). Sarhthe selected peaks did
not represent specifically identified compounds Wwate chosen as being
well-resolved and of good intensity, while otheafs represented identified
compounds (primarily biomarkers).
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Following the GC-FID screening, all four samplesevanalyzed by GC-MS
fingerprinting using a VG 70S-250 double-sectotrinment operated in
single-ion-recording (SIR) mode at a resolutior2600 and by using a J&W
30 m x 0.25 mm x 0.25 um DB-5 capillary column andnual cold on
column injection with He as carrier gas. 35 ion sess(+ two additional lock-
masses) were recorded in two separate runs (runiBein.) for each
sample. All samples were analyzed in duplicates.
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Spill ll vs. PRP source oils
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Diagnostic compound ratios

Figure 5. Comparison of absolute differences between DRs of Spill-II and Source-I and Source-I1
with the corresponding CrDs based on the resq repeatability limit.

% 17
2 24 ) &<E] )
$*u ) 6 I
Stable PAK ratios
1,5
& F2/D2
m F2/P2
P2/D2
¢ 3

1 = ! X % .*.—.4.7 F3/P3

® - $ X N
L X - X F3/D3

[ §
= ® P3/D3
0,5 } } t
Source  Source Source Source Extract| Extract! Extract Extract
1A B A 1B 1} I
- %
&<E > - )
) (¢ )6 9 * 9




#M& - & M7
) 9
# A?$ - 17
P I )
) ) 9 9 6% )
@) 171 |,<
9 ) - 9 ?.#
A7 ;<)
'7 P D 9 / )
$ 3 )9 96 M )
) % ) )
$ 17l
< 9 $ 17 )
96 ) )
) | )
) 9
) < M?
$ )
< ) %

SINTEF comes to a full match of source | with spidind spill Il (all
parameters match). But compared to the draft CEidedines, several ratios
are left out (marked as “Not Quantified”). It isdicated here, for example,
that the retene/4-phen ratio is not “considereldeacignificant” since the
retene peak is very small compared to the areaeofitphenantrenes and
hence “give a large uncertainty”.

The retene/4-phen ratio was determined by RIZA aiithany problem. Even
a higher value than in the peak identification miet produced by SINTEF
was found.

Furthermore, neither RIZA nor MUMM nor BSH had gmpblem with
oleanane, which according to SINTEF revealed adaoosignal to noise ratio
(lower than 10) and also bisnorhopane (28ab) cbeldetermined without
any problem by these labs (SINTEF has also sighistiorhopane as “Not
Quantified”).
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LASEM: The calculated ratios with 191 fragment duii permit significant
conclusions, because of their low abundance antitfte variability of ratios
values.

Cedre: Biomarkers could be analyzed in regular @b but they proved to
be present in oils in low abundance. Consequehibpanes,
steranes/Diasteranes and Triaromatic Steraneshdistons
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illustrated figures 2, 3 and 4 have to be considevih care. However, the
great variability represented by the error barsrditiallow to make
differences between samples.
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The problems associated with the identificatiorbibde oil samples are
especially well described in
http://www.bsh.de/de/Produkte/Buecher/Berichte/Blet31/Bericht31.pdf.
Hints, tips and precautions are given here conagrttieir analysis and result
interpretation.
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RIZA indicates:

Changes compared to the round robin of last year:

The sesquiterpanes are added as compound grougaodbysed with GCMS
(m/z 123).

Thus, although it is found in the weathering chdtit alkanes are evaporated
up to C20 in the spill samples, sesquiterpeneschvhre
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boiling between C13 and C16, are determined andoeoed.
Consequently, firstly a “big alert” is producedthe diagrams showing that
the corresponding error bars highly exceed thécatitifference, and
afterwards an “all clear” is produced by showingaisecond diagram that
those big differences are caused by evaporation:

The comparison of ratios

normalized difference’n
14 25
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This must be regarded as a highly uneconomicaltigeac

What cannot be said about the C17/pristane, C18#pleyand
pristane/phytane ratios is much more likely for gmmnds boiling from C13:
in spill samples, these might nearly always becéé by evaporation.
Generally, it is given in the literature that seisgpanes may be useful in
distinct cases for source correlation (i.e. fodfitg “general sources”)
because of their resistance to biodegradation.s® cach as the one, which is
given in this Round Robin here, is, of course, m&itmentioned nor meant,
when the usefulness of sesquiterpanes is discusdidrature.
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As any other low-boiling compounds, the sesquitegsaare subject to
evaporative weathering, a fact which has to benakt account before
using them for diagnostic purposes.
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& #7) Column Carrier Oven Injection Detector
) type Linm |IDinmm [Filminum tempinC |type (max) temp
> )
>E 3 437 J&W DB-5 10 0.1 0.1 H 300 PTV splitless 320
A ?
1<, ?
1< Rtx-5: 30m | 0.32mm | 0.5pm | He 1.1ml/min| 100->300 |split 280 280
> F& 43 NB-1 25 0.32 0.25 |He 1.4 ml/min| 60->300 [split 280 300
?,! B& 43 J&W DB-1 30m | 0.25mm | 0.25um H no inf cold on-column no inf
Keid [?
& $| 43M3@0
(IS $ :43M3@0 J&W DB-5-MS 10m | 0.25mm | 0.25um |He 1.1 ml/min| 35->325 |splitless 325 375
§ :43M3@0 HP-5 MS 60 0.25 0.25 |He 1 ml/min 40->300 |split/splitless 325 280
21 F& 43 HP Ultra 1 25m | 0.2mm | 0.33um |He 0.8 ml/min| 50->300 |[splitless 2 min 300 300
17 no information
)9  B8A
& Column Carrier Oven Injection MS
) 9 type Linm |IDinmm [Filminum tempinC |type (max) temp [transferline
> D D Restek RTX-1 40 0.18 0.2 He 1.5 ml/min | 60->300 |PTV splitless 380 310
>E F& 143 ?M 3@0 D Varian CP-Sil 8 CB 30 0.25 0.25 He 1 ml/min 50->320 |PTV splitless 320 280
A ER :43 ?M 3@0 D Varian VF-1 ms 60 0.25 0.25 He 1 ml/min 50->300 |splitless 270 300
1<, #]1%$ & U Varian CP-Sil 5 CB 30 0.25 noinf |He 48 kPa 50->290 |splitless 250 no inf
1< . ) U 3* D PTE-5 30 0.32 0.32 |He 48 kPa 50->300 |splitless 300 280
> F&:43 ME& 3@0 HP-5 MS 30 0.25 0.25 |He 1 ml/min 40->300 |split 1:5 300 300
?,! §@ J&W DB-5 30 0.25 mm 0.25 He no inf cold on-column no inf no inf
% $ :43M3@0 D HP-5 MS 30 0.25 mm 0.25 He 1 ml/min 50->320 |PTV splitless 320 320
e $ :43M3@0 D HP-5 MS 30 |0.25mm 0.25 |He 1.5ml/min| 50->320 |PTV splitless 320 320
& >) $ 43M3@ J&W DB-5 30 |0.25mm 0.25 no inf no inf split/splitless no inf no inf
& &<EB #1$ & U J&W DB-5 30 | 0.25mm 0.25 |He1.2ml/min| 50->280 |splitless no inf no inf
i< $ :43M3@0 D J&W DB-5-MS 30 |0.25mm 0.25 |He 1.1 ml/min| 50->325 |PTV splitless 350 280
q :43M3@0 D HP-5 MS 60 0.25 0.25 |He 1 ml/min 40->300 |[split/splitless 325 280
21 F& 43 M 3@ < D HP Ultra 1 25 0.2 mm 0.33 He 0.7 ml/min| 60->300 |splitless 2 min 300 300
17 ?




