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Headspace solid phase microextraction/gas GC-MS analysis was performed using an Agilent
chromatography (HS-SPME/GC) is a modification | system comprised of a 7890A gas chromatograph,
of traditional GC that extracts volatile components 5975C mass spectrometer, and GC Sampler 80
from the headspace of a sealed vial containing the (Agilent, Santa Clara, CA). Chromatographic

evidence. The main advantage of HS-SPME/GC is @) separation was achieved with a HP-5ms column
that it exclusively transports volatile components of ¥ WWM (30 m x 0.25 mm x 0.1 ym, Agilent) with helium as
o m @) the carrier gas at a flow rate of 1 mL/min. The oven

program is shown in Table 2. The fiber used for

M o) headspace sampling was a polydimethylsiloxane

the sample through the column, which is ideal for k
©) SPME fiber (23 gauge, 100 um) from Sigma-
VA\' /\AL Aldrich (St. Louis, MO). MassHunter Workstation
B Y A (0) software (Agilent, Version B.06.00) was used for
8
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mass spectrometry (MS), as most forensic GC

methods are, the analyst has access to a plethora —
of chemical information. In this work, we used HS-
> 4 6 ¢

GC analysis'. When this technique is paired with
(d)

SPME/GC-MS to analyze jet fuel samples
contaminated with hydraulic fluids. Hydraulic fluids

0 12 14 16 18 20 0 | M | o data acquisition. The mass detector was

are hydrocarbon fluids used in engine-powered Retention Time (min) Retention Time (min) programmed in scan and SIM mode with selected

vehicles to transfer energy and provide lubrication Figure 1. Total ion chromatograms of (a) neat jet fuel, and jet Figure 2. SIM chromatograms targeting 57, 205, and 220 m/z lons characteristic of butylated hydroxytoluene
' : fuel samples spiked with a 1% concentration of a contaminant: ions: (a) Petroleum-based hydraulic fluid 5606H; (b) Neat jet : +

among OFher functions. These materlals. can be (b) synthetic-based hydraulic fluid 83282D; (c) petroleum-based fuel; (c) Jet fuel contaminated with 5% 5606H. (BHT) (57'1’ 205.2, and 220.2 m/z; all _9'1)' Th_e

made using petroleum-based or synthetic-based hydraulic fluid 5606J; (d) petroleum-based hydraulic fluid 2008 NIST/EPA/NIH Mass Spectral Library in

manufacturing processes. While petroleum-based S606H. MassHunter was used for data analysis. MATLAB

hydrocarbon fluids are refined directly from crude Figure 1 above displays chromatograms for neat and contaminated jet fuel samples. For demonstrative @ R2025a (version 25.1.0.2943329, MathWorks,
oil distillates, synthetic-based hydrocarbon fluids purposes, only one synthetic-based hydraulic fluid contaminant is shown. However, all synthetic-based Natick, Massachusetts, USA) was used to generate
are manufactured by organic synthesis. Inter- contaminants were readily detected in the total ion chromatograms (TICs) due to late-eluting ester-based  Figures 1-4.

product variations exist between and within classes compounds. Petroleum-based hydraulic fluid 5606J also had late-eluting compounds. Petroleum-based fluid -
due to industrial additives?, which makes it 5606H, however, did not have characterizing compounds visible in the TIC when spiked in jet fuel. Selected Oven Program Step

challenging to develop a comprehensive detection ion monitoring (SIM), an MS acquisition method that targets ions of interest, was used to detect butylated Initial temperature 60 °C
method. Nevertheless, this research work hydroxytoluene (BHT), a compound in 5606H. Figure 2 compares SIM chromatograms for jet fuel and 5606H Hold time 2 min
demonstrates that HS-SPME/GC-MS can detect a  samples. Rate #1 13.333 °C/min
variety of hydraulic fluid contaminants in jet fuels. Retention Time: 9,856 min Retention Time: 9.870 min Temperature #1 260 °C
Six different aviation hydraulic fluids, four synthetic- ; ; Rate #2 > C/r:un
based and two petroleum-based, were used in this o Temper_ature 2 289 C
StUdy They Were eaCh Separately Splked Into Jet 6IO 8|0 1(|)0 150 1A|fO 1(|30 1E|30 2600'5- 25(.) 6|0 8|0 1(|)O 1&0 14|10 1é0 1E|30 2(|)0 250 HOId tlme #2 025mln .
fuel samples at a 1% concentration level. Table 1 /s | mz | | Table 2. The oven program used for chromatographic separation.
below contains  information  reqardin h Figure 3. A SIM mass spectrum of neat jet fuel. The targeted ions Figure 4. A SIM mass spectrum of jet fuel contaminated with 5%

| | ga g e€ac are m/z 57, 205, and 220, which are characteristic of BHT. 5606H. The targeted ions are m/z 57, 205, and 220, which are
hydraullc fluid. characteristic of BHT.

Figures 3 & 4 display the SIM mass spectra for neat jet fuel and fuel spiked with 5606H, respectively. The ion With SIM. this HS-SPME/GC-MS method can
MIL-PRF-87257C  Synthetic Polyol ester-based ratios in Figure 4 are characteristic of BHT and thus reveal the presence of contaminant 5606H. The detect ,d dentifv  different  hvdraulic  fluid
MIL-PRF-87252C  Synthetic Polyalphaolefin-based traditional scan mode and SIM mode can be used simultaneously, meaning there is not an information trade- elet | an _' e.n Ty - dmeren ydraulic _u'
MIL-PRF-83282D Synthetic Polyalphaolefin-based off when activating SIM. contaminants In jet fuel regardless of retention

HyJet IV-A Synthetic Phosphate ester-based overlap. In future work, we will expand this analysis
MIL-PRF-5606J Petroleum Mineral oil-based This project was partly supported by Contract No. FA810024C0003 awarded by the U.S. Air Force, U.S. Department of Defense. The  other hydrocarbon fluids, fuel additives, and
Table 1. Classifications and additional information for the six hydraulic fluids ~ opinions, findings, and conclusions and recommendations expressed in this presentation are those of the authors and do not necessarily

hydrophilic chemical species.

used in this work. reflect those of the Department of Defense.
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