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QUALITY CONTROL PROCEDURE FOR FIRE DEBRIS ANALYSIS

The qualitative evaluation of the use of accelerants in arson, by the ASTM E 1412-07 standard, involves the concentration of the volatile fraction of debris into activated charcoal strips (ACS) at defined temperature and
time, the solvent extraction of the concentrated compounds from ACS and the evaluation of extracts by GC-MS according to ASTM E 1618-10 standard. The variability of the performance of the analysis of some
microliters of extract by GC demands the monitoring of measurement performance by the internal standard technique. Hence, this work proposes an integrated strategy for controlling some of the most critical stages of
arson detection individually, namely: sample conservation from sampling to laboratory, sample components extraction and GC-MS injection.

INTRODUCTION:

THE ASTM METHODOLOGY
The most widely used standards for the analysis of ignitable liquid residues (ILRs) are issued by the American Society for Testing and Materials (ASTM), namely:
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Sample preservation — ASTM E 2451-08 Extraction and concentration of ILRs — ASTM E 1412-07 Identification and data analysis by GC-MS — ASTM E 1618-10
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m, — mass of Sy m, —mass of S, m; — mass of Solution A (DCM:Pentane) m; — mass of the vial with extract
Spep — Standard solution of Dichlorobenzene Scys — Standard solution of Cyclohexylbenzene m, — mass of the empty vial Srcwx — Standard solution of Tetrachloro-m-xylene (TCMX)
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Since the internal standard adsorption into ACS significantly varies with the amount of previously retained compounds, the TCMX standard has to be added after charcoal strips removing from the extracts. A strategy for
the addition of TCMX to solvent extracts from debris, involving the gravimetric control of the volume of solvent mixtures with several composition using models of the volumetric mass variation with composition was
developed. The adequacy of the developed strategy for the control of the repeatability of GC-MS measurements was metrologically checked using the numerical Kragten and the Monte Carlo methods for uncertainty
components combination. The Kragten method successfully handled 21 input quantities since the linear assumption of the variation of the output quantity with the input quantities uncertainty is valid. The developed
quality control strategy proved to be valid after performed adjustments in relevant analytical steps and further supported the control of the sample preparation performance and debris conservation by using two
additional internal standards.

i. TCMX concentration: C;yy (Mg L) — estimated from: ii. Quality control procedure: iii. Validation:

Mass of TCMX: Myeyy = MWk The GC-MS repeatability is checked by: The validation of the proposed strategy for GC-MS repeatability check involves
the evaluation of the uncertainty associated with the estimated ratio
R=(Cpet/Cremx ) @nd the evaluation of the experimental variation of y;¢y values.
The GC-MS injection repeatability is estimated by the coefficient of variance,
CVyep» Of the height of TCMX molecular ion peaks from replicated injections of
the same standard solution obtained in repeatability conditions.

The relative standard uncertainty associated with the calculated R must be
negligible when compared with the relative repeatability of the ratio
(Hget/Hrem), estimated by (V2*CVi,,), to guarantee its fitness for the intended
use.

The uncertainty associate with R=Cg/C;cyx Was estimated from the algebraic
relation used to calculate this concentration and the standard uncertainty
associated with the input quantities.
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TEST QUALITY CONTROL

The dispersion of y;¢yy is characterised by the mean and standard
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