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Diagnostic ratios (DR)
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Introduction

ú Spill (Sp)

Suspected 

Source 1 

(SS1)

ú

ù
Suspected 

Source 2 

(SS2)

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

Different DRSp and DRSSEquivalent DRSp and DRSS

SS1 – Pollution source
All DR are equivalent

ĀýĀ;āĀýĀ;ĂĀýā;Ă
SS2 – Not the pollution source

Some DR are different

ĀýĀ;āĀýĀ;ĂĀýā;Ă

DR comparison approaches S-t SC MCM
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(��Sp 2 ��SS)
P1 P2.5 P97.5   P99

(��Sp 2 ��SS) (��Sp 2 ��SS)
P1 P2.5 P97.5   P99

Simulation by Monte Carlo Method, based 

on dispersion and correlation data of 

chromatographic signals

Describes the real 

probability distribution 

of (Āý�� 2 Āý��)
Introduction

DR comparison approaches

S-t SC MCM

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

Nordtest (1) CEN Standard (2) Developed

��Sp 2 ��SS ± ý� · þ( 1 2 � ; ø)
With ��Sp&SS = ��Sp + ��SS2
��Sp 2 ��SS ≤ 0.14 · ��Sp&SS Percentiles for 95% and 98% 

confidence levels (Nordtest)

Assumes the normality of the 

(��Sp 2 ��SS) probability distribution

Assumes the most likely

dispersion of the DR

sd – standard deviation of the �� difference;

P – confidence level;

ø - degrees of freedom

(1) P. S. Daling, et al., Environ. Forensics, 2002, 3, 263-278.

(2) CEN, Oil spill identification - Petroleum and petroleum related products - Part 2: 

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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S-t SC MCM

Compararison of approaches

Criteria for Āý�� and Āý�þ
comparison

Compositional equivalence or 

difference claim

Identification quality

Set of ��Sp 2 ��SS
Equivalent ��Sp and ��SS
Different ��Sp and ��SS

N sets of simulated ��Sp 2 ��SS

Percentage of simulated ��Sp 2 ��SS sets 

with all ��Sp and ��SS equivalent

Total risk of true 

compositional equivalence claim

Sp vs SS1

Compositional

equivalence

Sp vs SS2

Composicional

difference

ĀýĀ;āĀýĀ;ĂĀýā;Ă
SS1 – Pollution source

SS2 – Not the pollution source

al Research Goals



Experimental

Round Robin Tests (RR)

Sp (RR2018)

SS1 (RR2018)

SS2 (RR2018)

Sp (RR2018)

SS1 (RR2018)

SS2 (RR2018)

Sp (RR2019)

SS1 (RR2019)

SS2 (RR2019)

Sp (RR2019)

SS1 (RR2019)

SS2 (RR2019)

Sp (RR2020)

SS1 (RR2020)

SS2 (RR2020)

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

Sp SS1    SS2Sp SS1    SS2 Sp SS1    SS2

Diesel with biodiesel Lubricating oil Heavy fuel oil

RR2018 RR2019 RR2020

S-t SC MCM



Experimental

Set of DR – fingerprint (DR list of the CEN Standard)

��33��34��35
��37��40 ��43��44��78��41

��33��34��35
��37��40 ��44��72��78��43

��01��02��03
��09��10 ��16��17��19��11

��47��48��49
��56��57��60��04��06��07

��12��13

��20��21��45��14

��51��52��53

��61

��08 ��15 ��46 ��54 Sp vs SS1 – 9 DR

Sp vs SS2 – 8 DR

DR determined with chromatographic signals:

- with S/R > 5

- with precision < 7.5 %

- of unweathered compounds

S-t SC MCM

Diesel with biodiesel Lubricating oil Heavy fuel oil

RR2018 RR2019 RR2020



�Sp = �SS1= �SS2 = 3
�� = ý(ý + þ)

Nordtest CEN Standard�Sp = �SS1= �SS2 = 2
�� = ýþ

Tested scenarios

S-t SC

MCM

Experimental

Data acquisition and processing

2 DR comparison trials 

(with independent analysis of Sp):

- Compositional equivalence proof

- Increase the total risk of true 

compositional equivalence claim



Results

Comparison of the DR criteria (confidence intervals)

Previous studies - evaluated the criteria obtained by the three approaches 

(unweathered samples and different DR comparison conditions):

- non-normal probability distributions of ��Sp and ��Sp 2 ��SS :

• Asymmetrical;

• Flattened. 

- dimension of confidence intervals affected by:

• degrees of freedom (S-t);

• mean DR (SC);

• mean values, dispersion and correlation of chromatographic signals 

used in the calculation of DR (MCM).

Present study - similar conclusions to those of previous studies (weathered 

samples of RR).

^ MCM ; ^ S-t

P1 and P99 

… P2.5 and P97.5

S-t SC MCM
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Results

Compositional equivalence claim

S-t SCMCM

Comparison between Sp and SS1

0��Sp 2 ��SS 0��Sp 2 ��SS0��Sp 2 ��SS
Nordtest scenario (98%)

MCM e SC

Compositional equivalence

S-t

Compositional difference

MCM, S-t e SC

Compositional equivalence

- Diesel

- Lub oil and HFO

ù
Sp

ù
SS1

Equivalent ��Sp e ��SS
Different ��Sp e ��SS
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1st trial 2nd trial
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Results

Compositional equivalence claim

S-t SCMCM

Comparison between Sp and SS1

0��Sp 2 ��SS 0��Sp 2 ��SS0��Sp 2 ��SS
CEN scenario 

(98%)

ù
Sp

ù
SS1

MCM, S-t e SC

Compositional equivalence

Diesel, Lub oil and HFO
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��04
All DR

1st trial 2nd trial

All DR

All DR All DR All DR

All DR

All DR

All DR All DR

All DR All DR All DR

All DR
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Equivalent ��Sp e ��SS
Different ��Sp e ��SS



Results

Compositional difference claim

S-t SCMCM

Comparison between Sp and SS2

0��Sp 2 ��SS 0��Sp 2 ��SS0��Sp 2 ��SS

5 DR

(62.5 %)

D
ie

se
l

Nordtest EN 15522-2

Lu
b

o
il

16 DR

(50.0 %)
22 DR

(68.8 %)
5 DR

(15.6 %)

14 DR

(43.8 %)

10 DR

(31.3 %)

13 DR

(40.6 %)

H
F
O

Nordtest EN 15522-2 Nordtest EN 15522-2

Trial not performed – no 

DR determined in SS2

Trial not performed – no 

DR determined in SS2
Trial not performed – no 

DR determined in SS2

5 DR

(62.5 %)

4 DR

(50.0 %)
6 DR

(75.0 %)

4 DR

(50.0 %)

4 DR

(50.0 %)

ù
Sp

ù
SS2

Nordtest scenario (98%)

CEN scenario (98%)
- SC identifies more different DR than S-t

- SC and MCM identify practically the 

same different DR 

- MCM e S-t identify more different DR 

than SC

- S-t identifies more different DR than 

MCM (questionable performance)

MCM, S-t e SC

Composicional difference

Equivalent ��Sp e ��SS
Different ��Sp e ��SS



Results

DRSp e DRSS equivalente

DRSp e DRSS diferente

Total risk of true compositional equivalence claim ()
Comparison between Sp and SS1 considering a single DR comparison trial

Scenario RR 95% 98% 95% 98%

Nordtest

Diesel 83.3 93.4 62.3 78.7 91.5

Lub oil 86.1 94.4 67.8 81.5 85.5

HFO 87.2 95.0 66.8 81.1 89.7

EN 

15522-2

Diesel 82.9 93.2 81.8 93.3 18.3

Lub oil 85.7 94.4 86.3 94.8 54.6

HFO 87.2 94.9 83.9 93.7 72.2

Scenario RR ഥ�þ−�Ā�% ഥ�þ−�Āÿ% ഥ�þÿ
Nordtest

Diesel
ҧ�MCM95% > <ҧ�MCM98% > >

Lub

oil

ҧ�MCM95% > >ҧ�MCM98% > >

HFO
ҧ�MCM95% > <ҧ�MCM98% > >

EN 

15522-2

Diesel
ҧ�MCM95% > >ҧ�MCM98%  >

Lub

oil

ҧ�MCM95%  >ҧ�MCM98%  >

HFO
ҧ�MCM95% > >ҧ�MCM98% > >

S-tMCM SC

Comparison by Student’s t test (95% confidence level)

Dfferent risks: MCM < S-t or SC ; MCM > S-t or SC

Equivalent risks: 

- All approaches estimate  less than 98%

- MCM estimates  greater than S-t e SC 

Mean values of 
3 simulations



Results

Total risk of true compositional equivalence claim(÷)
Comparison between Sp and SS1 considering two DR comparison trials

Scenario RR 98% 98%

Nordtest

Diesel 100.0 97.02 99.96

HFO 100.0 97.9 99.86

EN 

15522-2

Diesel 100.0 99.8 91.5

HFO 100.0 99.76 98.5

S-tMCM SC

- All approaches estimate ÷ greather than 98%, with the exception

of S-t and SC (in their reference DR comparison conditions)

- MCM estimates ÷ greater than S-t e SC 

Scenario RR ഥ����Āÿ% ഥ��−�Āÿ% ഥ��ÿĀÿ%
Nordtest

Diesel > < >

HFO >  >

EN 

15522-2

Diesel > > <

HFO > > >

Comparison among approaches

Comparison with 98%

Scenario RR ഥ��−� ഥ���
Nordtest

Diesel ഥ�MCM > >

HFO ഥ�MCM > >

EN 

15522-2

Diesel ഥ�MCM  >

HFO ഥ�MCM > >

Mean values of ÷
3 simulations

Comparison by Student’s t test (95% confidence level)

Dfferent risks: MCM < S-t or SC ; MCM > S-t or SC

Equivalent risks: 



Take home messages

S-t

MCM

SC

 Statistically sounder 

approach

 Better quality 

identifications

Weaknesses of the 

approaches in the DR 

comparison conditions for 

which they were designed

ñ Compositional equivalence and difference claims were 

correctly identified by the three approaches;

ò 2nd 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%.

ó  and ÷ estimated by MCM were significantly different 

from those estimated by S-t and SC;

ô ÷ showed to be greater than 98%, except ÷ estimated 

by S-t and SC in their reference DR comparison conditions.

Risk
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Investigate the relationship between the probabilities of true and 

false compositional equivalence claims (likelihood ratios) for a 

better assessment of the identification quality


