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Introduction

Chemicalanalysesof samplestaken from oil spills(spill sampleand suspected
sourcesamples)havebeenusedasevidencein legalproceedingsto identify the
originof the spillandholdingthe offenderliableunderthe law.
Eachsamplecollected is characterizedby identifying and quantifying a wide
range of hydrocarbons (fingerprint) using Gas Chromatography-Mass
Spectrometry(GC-MS). The chromatographicdata are processedin different
ways and the results obtained for the spill and suspectedsource samples
compared. Theabundanceratio of specifichydrocarbons,i.e., diagnosticratios
(DR), is widelyusedto assessoil ŦƛƴƎŜǊǇǊƛƴǘǎΩequivalenceon two samples. One
of the methodsusedto compareDRis the {ǘǳŘŜƴǘΩǎt statistics(S-t). Triplicate
determinationsof one sampledefine the limits for the DRcomparisonof the
secondsample,assumingthe equivalenceof DRif the DRestimatedfrom the
secondsampleis within the confidenceinterval defined [1-3]. To support the
compositionalequivalencebetweensamples,usedto identify the spillsource,is
necessarythe agreementof a set of characteristicDRobservedfor the samples
compared[4;5].
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The Issues

The {ǘǳŘŜƴǘΩǎt method for DR comparison assumesthe DR probability
distribution normality. Thisapproachcanleadto a higherriskof falsedecisions
of compositionalequivalencebetweentwo samples,sincethe DRdistributions
can deviate from normality. Therefore,the estimation of the risk associated
with the compositionalequivalencedecisionbetweentwo samplesis relevant,
leadingthe chemicalanalysesto more valuableevidence. No publishedstudies
werefound in this field.

Research Goals

This work presentsan unconventionalmethod, involving simulationsby the
Monte CarloMethod (MCM),andallows:

4 the statisticallysoundassessmentof the DRagreementof samplesfrom oil
spillsthat doesnot assumeratio normality;

4 to estimate the risks of true acceptance and false rejection of the
compositionalequivalenceof sampleswith the sameoil.

In addition,the study:

4 comparesthe risksestimatedusingthe MCMandS-t methods;
4 presentsan alternativemethodologyfor chemicalcompositioncomparison,

whichleadsto a lower riskof falsedecision.

Thedevelopedmethodto compareDRfrom two samples,andto estimatethe riskof true acceptanceandthe riskof falserejection
of the compositionalequivalencebetweentwo similarsamples,involvesthe simulationof the probability distributionsof DR,by
the MCM,supportedon the experimentallyobservedcorrelationanddispersionof chromatographicsignalscombinedin the ratio.

Methodology

Results
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MCM (95% cl) 90.7 9.3 90.1 9.9 89.6 10.4

MCM (98% cl) 95.0 5.0 94.3 5.7 95.7 4.3

S-t (95% cl) 81.6 18.4 84.9 15.1 86.7 13.3

S-t (98% cl) 88.0 12.0 91.3 8.7 93.5 6.5

Alternative method

MCM (98% cl) 99.8 0.2 99.8 0.2 99.8 0.2

S-t (98% cl) 98.7 1.3 98.8 1.2 99.8 0.2

Table I - Total risks of compositional equivalence between two similar samples.
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Figure 5 ςPercentiles required to define 95% and 98% confidence limits, by the MCM and S-t methods, normalised to the 50th percentile simulated by MCM: 
= P50ςMCM; = P50ςS-t; ···P2.5 and P97.5ςMCM; ···P2.5 and P97.5ςS-t; Ƶ P1andP99ςMCM; Ƶ P1 and P99ςS-t.

4 Different oils were characterized by different DRsets: presence of 
compounds is limited by the oil type;

4 Deviations from normality of the DRdistributions were observed (Figure 5), 
leading to MCM confidence intervals wider than S-t ones;

4 The MCM approach reveals higher total risks of true acceptance of 
compositional equivalence between two similar oils than the S-t approach; 

4 The totals risks are similar among the oils analysed, in particular for MCM, 
besides the oils are characterized by different number and sets of DR;

4 The alternative method for total risks estimation increases the total risk of 
true acceptance for both MCM and S-t approaches: values higher than the 
confidence level assessed (98%).

Conclusions

A new methodbasedon simulationsby MCMwasdevelopedwith the objective
to compareDR obtained for different samplescollected in oil spills, and to
estimate the total risks of true acceptance/falserejection of compositional
equivalencebetweensimilarsamples.
TheMCM wassuccessfullyappliedin the comparisonof three distinct DRsets
definedfrom a different numberof correlatedchromatographicsignals.
Theprobability distributionsof the simulatedDRshowedsomedeviationfrom
normality, as well as wider confidenceintervals than those obtained by the
conventionalS-t method. This leads to higher total risks of true acceptance
(lower total risksof falserejection)whenMCMisapplied.
Sincethe DRsetsassessedare not perfectly correlated, the total risksof true
acceptanceof compositionalequivalencebetweentwo sampleswith the same
oil were lower than the confidencelevel studied,regardlessthe numberof DR
in the set.
The alternativemethodologyto concludeabout the compositionalequivalence
between two samplesincreaseof total risk of true acceptanceabovethe 98%
confidencelevelfor both MCMandS-t methods.
The MCM improvesthe criteria used in DRcomparisonby adapting to their
actual distribution. The accurate modelling of DR also allows the reliable
assessmentof the risk of false decisionson oil patterns equivalenceand the
evaluationof the reliabilityof S-t basedassessments.

­Simulationby MCMandS-t modelling ╓╡
═

═ ║

Figure 3ςMCM simulation and S-t modelling of DRusing correlated chromatographic signals.

Figure 3ςEstimation of the total risks of true acceptance and false rejection of compositional equivalence between two similar samplesusing MCM simulation and S-t modelling of DR.

® Total risk estimation: simulationby MCMappliedto a 69DRset
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¯
Alternative method to concludeabout the compositionalequivalencebetween two similar samples: comparison
between two consecutivesimulatedsetsof 69DR

Thedataobtainedfor total risksestimationwereusedto evaluatethe applicationof the alternativemethod: 10000setsof 69DRassessed.
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Figure 4ςAlternative method to estimate the total risks of true acceptance and false rejection of compositional equivalence between two similar samples, assessing two consecutive simulated DRsets with 
MCM and S-t approaches.

Experimentaldata: GC-MSanalysisafter solventextraction of three different oils¬
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Figure 1 ςTotal ion chromatograms of the three oils analysed. 


