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-/ <@~ Introduction

Diagnostic ratios (DR)

Ratios between chromatographic signals of oil-discriminating compounds

H
DR;., = L with H; and H, as the heights of 1 and 2 chromatographic peaks
2

Suspected
Source 2
(SS2)

Abundance

Retention time (min)
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Spill source identification

Compositional equivalence claim when all DR of Sp and SS are equivalent

O Equivalent DRy, and DRg O Different DR, and DR

S

SS1 - Pollution source SS2 — Not the pollution source
All DR are equivalent Some DR are different

Suspected

Source 2

(5S2)

DR comparison approaches
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DR comparison approaches

Define the criteria for comparing DR means observed in Sp and SS

Nordtest (1)

(mSp — DRss)

Ple P25 EOVRSEeReNI0

Assumes the normality of the
(DRs, — DRss) probability distribution

IDRsp, — DRss| £ 54 - t((1 — P); £)

sy — standard deviation of the DR difference;
P — confidence level;
€ - degrees of freedom
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CEN Standard @

(DRsp, — DRss)

SCur

Assumes the most likely
dispersion of the DR

|ﬁ8p —

Wlth ﬁSp&SS =
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DRss| < 0.14 - DRspgss

(ﬁsp + ﬁss)
2

(1) P. S. Daling, et al., Environ. Forensics, 2002, 3, 263-278.
(2) CEN, Oil spill identification - Petroleum and petroleum related products - Part 2:

Describes the real
probability distribution
of (ﬁsp — ﬁss)

Developed

(DRsp — DRss)

Ple sP25  P975% e P99

Simulation by Monte Carlo Method, based
on dispersion and correlation data of
chromatographic signals

Percentiles for 95% and 98%
confidence levels (Nordtest)
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Analytical method and interpretation of results based on GC-FID and GC-low
resolution-MS analyses, EN 15522 2:2023 E, CEN, 2023
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Compararison of approaches

Criteria for DR, and DRgg
comparison
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Compositional equivalence or
difference claim

AN

--------------

O ------- DRyy |- O
O ------ DRys |-
@i DRy |-

--------------

Sp vs SS1 ~— Sp vs SS2
Compositional Composicional
equivalence difference

SS1 - Pollution source
SS2 — Not the pollution source
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Identification quality

N sets of simulated (DRs;, — DRss)

---------------------------------

OOOOO :..} setof (DRsp — DRss)
O O O O O O Equivalent DRSp and DRgg
O O O O O O Different DRSp and DRgg

-----------------------------------

Total risk of true
compositional equivalence claim

Percentage of simulated (DRs, — DRsgs) sets
with all DR, and DRgs equivalent
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Round Robin Tests (RR)

Sp —Spill | SS1 e SS2 — Suspected source known to be and not to be the origin of the spill, respectively

Diesel with biodiesel Lubricating oil Heavy fuel oil

RR2018 RR2019 RR2020
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el || 20 e Sp (RR2019) l
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Set of DR — fingerprint (DR list of the CEN Standard)

Diesel with biodiesel Lubricating oil Heavy fuel oil
RR2018 RR2019 RR2020

'DRO1 DR09 DR16 DR47 DRS6 i DR33  DR37 DR44‘ { DR33 DR37 DR43
APERIE DI DIRAS DRS¢ i DR34 DR40 DR72 | i DR34 DR40 DR44 |
EDROS DR11 DR19 DR49 DR60 : :
i DRO4 DR12 DR20 DR51 pRe1 ’DR35 DR43 DR78 : : DR35 DR41 DR78’
;DR06 DR13 DR21 DRS2 ............................. 9 DR ......................... 9 ...... 8
: DRO7 DR14 DR45 DRS3 Sp vs SS1 -9 DR or
* DRO8 DR15 DR46 DR54 : SpVso2Es DR

3 2 D R (DR determined with chromatographic signals:\ D R

-with S/R>5
- with precision < 7.5 %
- of unweathered compounds P
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Data acquisition and processing

Chemospl here

Chemosphere
: = Volume 308, Part 1, December 2022, 136201 -
ELSEVIER

Optimisation of the uncertainty of oil
spill identification from replicate
comparative analyses: Comparison of
standardised and novel identification
methods

Ana Catarina Rocha ? ©, Carla Palma ?, Ricardo J.N. Bettencourt da Silva® 2 =

Cligboard T Fant.

Tested scenarios

Nordtest CEN Standard
N\
Ngp = Ngs1= Ngsy = 3 Ngp = Ngg1= Ngsy = 2
DR = 4 DR = 4
T (A+B) "B
(A + B) JAN

Cells

Tl MCMforSingle DR Single DR MCM vsS-t  [IETEEIEEN
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2 DR comparison trials

(with independent analysis of Sp):

Compositional equivalence proof

Increase the total risk of true
compositional equivalence claim
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. . . ] . Asymmetry
Comparison of the DR criteria (confidence intervals) UL
Previous studies - evaluated the criteria obtained by the three approaches | _ Chemosphere B
(unweathered samples and different DR comparison conditions): WS
p
Development and validation of
- non-normal probability distributions of DRg,, and (DRSp — DRSS): statistically sound criteria for the match
L of unweathered GC-MS fingerprints in
* Asymmetrical; oil spill forensics
° Flattened' Ana Catarina Rocha @, Carla Palma ?, Ricardo J.N. Bettencourt da Silva ® 9 = -
Flattening
_ 14
- dimension of confidence intervals affected by: g
» degrees of freedom (S-t); I
emosp ere
* Mmean DR (SC); . Volume 308, Part 1, December 2022, 136201 0.1 (m 0 - ) 0.1
* mean values, dispersion and correlation of chromatographic signals Outimisation of th IR S
: . t t t taint
used in the calculation of DR (MCM). primisation of the uncertainty ot ot
spill identification from replicate
comparative analyses: Comparison of
Present study - similar conclusions to those of previous studies (weathered standardised and novel identification AMCM ; A St
| fRR) methods _P1and P99
Samp es O ) Ana Catarina Rocha b, Carla Palma ?, Ricardo J.N. Bettencourt da Silva ® 2 = P25 and P975
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Compositional equivalence claim

Comparison between Sp and SS1

I
I
|DRSp—DRSS|
1st trial 2nd trial 1st trial 2nd trial
e, e " 5.15.‘%65.5.’5.’?13"‘:'--IIEE(;;.-..EEQR":
2 : D DRO4 : | : @pro4 QDR21 i ? P E
o it @ DR12 i ii Qor12 QDRS2 |
= i @ DR21 i t | : Qpro7 QDR51 i & DR13 :
................ Bt | 2 @12 Qors3 3777
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@ Equivalent DRg, e DRss
@ Different DRsp, e DRsgs

0
|m5p _mssl
1st trial 2nd trial
@ AIIDR  :i@ AllDR
D AIDR i
T L )
i@ AlDR 1O Al DR

Nordtest scenario (98%)

- Diesel
S-t
Compositional difference
MCM e SC

Compositional equivalence

- Lub oil and HFO

MCM, S-t e SC
Compositional equivalence
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Compositional equivalence claim

Comparison between Sp and SS1

1 1 1 1
1 | |
1 1
0 0
|DRs, — DRss|

CEN scenario
] (98%)

0
|ﬁ5p _ﬁss| |m5p _mssl
MCM, S-t e SC
1st trial 2nd trial 1st trial 2nd trial 1st trial 2nd trial Compositional equivalence
g | B e H
0 : D DRo4 :iDAIDR : @ AIIDR :: @ AIDR : QAIDR  i:@ DR12 ;
(=) : E . . . E ¥ E

REEHE . JREEERE . R 3 Diesel, Lub oil and HFO

o : = : :
2 iQAIDR : @ All DR D AlDR
3 * 0': :o ': * 0':
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Q i@aIDR ii®AIDR : @ All DR : @AllDR @ AllDR D AllDR
T : : : : i
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Compositional difference claim

Comparison between Sp and SS2

I
I
0
|DRs, — DRss|
Nordtest EN 15522-2 Nordtest EN 15522-2
§:0160R 5:014DR : ()22DR oloDR :
-g (50.0%) :f  (43.8%): (68.8 %) (31.3%) :
S Trial not performed — no Trial not performed — no
= DR determined in SS2 DR determined in SS2
- 3
o i @5DR O4DR 06DR C)4DR
T (62.5%)5: (500%): - (750%):: (50.0 %) :
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MCM, S-t e SC
I I Composicional difference
0
DRs, — DR -
IPRs; = DRss Nordtest scenario (98%)
Nordtest EN 15522-2 - MCM e S-t identify more different DR
............... . LEECLEEETEEELIY than SC
: 0 5DR 0 13 DR - S-t identifies more different DR than
(15.6 %) E: (40.6 %) : MCM (questionable performance)
Trial not performed — no CEN scenario (98%)
L - SC identifies more different DR than S-t
f-'-'-'-'-'-'-'-'-'-'-'-'-'-'.:":.'I.'I.'I.'I.'I.'I.'.'.‘ - SC and MCM identify practically the
: @4DR : @5DR same different DR
(50.0 %) (62.5 %) i :

@ Equivalent DRg, e DRss
@ Different DRsp, e DRsgs




Comparison by Student’s t test (95% confidence level)
B B B ReS U |tS Dfferent risks: MCM < S-t or SC ; MCM > S-t or SC

Equivalent risks: ~

Total risk of true compositional equivalence claim (0)

Comparison between Sp and SS1 considering a single DR comparison trial

- All approaches estimate o less than 98%

- MCM estimates o greater than S-t e SC —
. MCM > <

Diesel 080,

0
Mean values of & MCM > >

3 simulations S95%
Lub MCM > >

Nordtest ol 080,

0
MCM > >
Diesel | 833 934 | 623 787 | 915 S95% S <

HFo | MM
Nordtest | Luboil | 86.1 944 | 67.8 815 | 855 S > >
HFO | 872 950 | 66.8 811 | 89.7 St > >

: Diesel o8,

0 ~
Diesel | 829 932 | 818 933 | 183 by ~ >
EN i S95Y% ~

A Luboil | 857 944 | 8.3 948 | 546 EN Lub | Ovicm ~ >
HFO | 872 949 | 839 937 | 722 15522-2 | oil | 5o8% ~ >

S95%
> >

% r A MCM

S G i Ciencias & HFO | e
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Comparison by Student’s t test (95% confidence level)
B B B ReS U |tS Dfferent risks: MCM < S-t or SC ; MCM > S-t or SC

Equivalent risks: ~

Total risk of true compositional equivalence claim(®)

Comparison between Sp and SS1 considering two DR comparison trials

- All approaches estimate w greather than 98%, with the exception
of S-t and SC (in their reference DR comparison conditions) Comparison among approaches

- MCM estimates @ greater than S-t e SC
Mean values of @ Diesel | Wmcem > >
3 simulati Nordtest
simulations HFO aMCM S S
EN Diesel | Wmcem ~ >
Diesel 100.0 97.02 99.96 155222 | HFO |@yem S S
Nordtest
HFO 100.0 97.9 99.86 i )
Comparison with 98%
_ Diesel 100.0 99.8 91.5
15522-2 | peo 100.0 99.76 98.5 ,
Diesel > < >
Nordtest
HFO > ~ >

Diesel > > <

3 r ) EN
e ‘ hidrﬁ%{?ﬂfjﬁ S{(’-iisnbc;gs 'OCQE 15522-2 HFO > > >
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—( S H &) -@—Take home messages

|ZI Weaknesses of the
approaches in the DR
comparison conditions for
which they were designed

@ Compositional equivalence and difference claims were

correctly identified by the three approaches;

@ 2" DR comparison trial required to prove the

compositional equivalence (MCM and S-t applied to
Nordtest scenario) and to increase the total risks above 98%. @

@ 0 and o estimated by MCM were significantly different

from those estimated by S-t and SC; IZI Statistically sounder

approach

@ w showed to be greater than 98%, except w estimated |ZI Better quality
by S-t and SC in their reference DR comparison conditions. identifications
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Statistically sound comparison of standardized
and simulation methods for oil spill source
identification in real spill scenarios

Ana Catarina Rocha *® 2. =, Ricardo ).N. Bettencourt da Silva h, Carla Palma ®

Acknowledgements
To the Bonn-OSINet for the volounter organisation
of Round Robins Tests on oil spill identification

S r -
3 Qivrogrsfico Ciéncias
Marinha o e . Quimi Q

ica Estrutural

Ana Catarina Rocha

PhD Student

Hydrographic Institute and

Faculty of Sciences, University of Lisbon
catarina.rocha@hidrografico.pt

Carla Palma

Research advisor

Hydrographic Institute
carla.palma@hidrografico.pt

Ricardo Bettencourt da Silva

Research advisor
Faculty of Sciences, University of Lisbon
rjsilva@ciencias.ulisboa.pt

@ 'ac rac


mailto:catarina.rocha@hidrografico.pt

Investigate the relationship between the probabilities of true and
false compositional equivalence claims (likelihood ratios) for a
better assessment of the identification quality
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