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Identification of Jet fuel (JP-8) in Petroleum Hydrocarbon Contaminated Soil
through the Qualitative Analysis of Antioxidants
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ABSTRACT

Accurate analysis of petroleum hydrocarbons in soil is an important prerequisite for proper source tracking of
contamination. Identification of petroleum compounds is commonly carried out by peak pattern matching in gas
chromatography. However, this method has several technical limitations, especially when the soils underwent biological,
physical and chemical transformation. For instance, it is very difficult to distinguish jet fuel (JP-8) from kerosene because
JP-8 is derivatized from secondary reaction between chemical agents (e.g. anti-oxidants, antifreezer and so on) and
kerosene. In this study, an alternative method to separately analyze JP-8 and kerosene in the petroleum hydrocarbon
contaminated soil was proposed. Qualitative analyses were performed for representative phenolic antioxidants [2,6-di-tert-
butyl phenol (2,6-DTBP), 2,4-di-tert- butylphenol(2,4-DTBP), 2,6-di-tert-butyl-4-methyl phenol (2,6-DTBMP)] using a
two dimensional gas chromatograph mass spectrometer (2D GCxGC-TOF-MS). This qualitative analysis of antioxidants
in soil would be a useful complementary tool for the peak pattern matching method to identify JP-8 contamination in soil.
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Fig. 1. Typical chromatogram of JP-8 (a), kerosene (b), lubricant oil (¢) and bunker C oil (d).
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(2,4-DTBP), 2,6-di-tert-butyl-4-methyl phenol(2,6-DTBMP)
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Fig. 2. Chemical structure of phenolic antioxidants.
Table 1. Analysis conditions of 2D GCxGC
Parameters Conditions
Agilent 6890 GC with a LECO Thermal Lo
GEGC Modulator and Secondary Oven Injection volume 02l
Primary column DB-5 MS Split ratio 200:1

30 m x 0.25 mm x 0.25 pm
35°C (30 min), 2°C/min to 200°C,
5°C/min to 300°C
2 mx0.10 mm x 0.10 um DB-17
40°C (30 min), 2.2°C/min to 221.5°C,

Primary oven program

Secondary column
Secondary oven

He at a constant flow of

Carrier gas 0.6 mL/minute

Modulator temp. 30°C offset from primary oven

Transfer line temp. 250°C

program 5°C/min to 321.5°C
Inlet tem 290°C Modulation 2.5 seconds with a 0.6 second
p- frequency of hot pulse time
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). B A7E Fajel 32 dRle] fAoR sl
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TOF-MS, Leco Inc.)oll 43t 2,6-DTBP, 2,4-DTBP,
2,6-DTBMP 25 A4 Akl A4RL 71714

Table 2. Analysis conditions of TOF-MS

Conditions
TOF (time of flight)

Parameters

Mass analyzer

Ion source Electron ionization at 70 eV
Mass Range (u) 35 to 334
Acquisition Rate 200 spectra/second

Source Temp 200°C

191(2,6-DTBP, 2,4-DTBP),

Fragment ion (m/z) 205(2,6-DTBMP)

Z71& Table 13} Table 20 YeERA ule} 2t} 2D
GCxGC-TOF-MSe= &Y P& AM83k= Single GColl
A FEls7] ofHR A 12 HISA] ARl Ee &
AL ZEH (cryo-modulator)o| A AlEE Ed(trap) Al
2 o 22 54 HEo = ReElske e H2 i
5 B A olstd EE Adw-S 500 point/sec
oPde] 27 H&(scan rate)E T 7Fse Aidls W
2 At} =39 28 H|oJEl= ChromaTOF Software
(4.51.6.0 optimized for pegasus, Leco Inc.)& &3}
TIC(total ion chromatogram)ollX] #-2|3}7] o &%

J3E AA|(Deconvoltion)d IZ Eojgh & Akahix]
A 3fre] Ak s (191 m/z, 205 m/z) IS ZHE BAt
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Put 10-20 g field moist soil | Add anhydrous sodium sulfate and 200 mL of

dichloromethane to the sample.

a

Carry out the extraction with ultrasonification for 3 min

Pour the extracted solution through 10 g of sodium

sulfate on the filter paper (Whatman #41).

Concentrate the filtrate to 2 mL with the automatic

nitrogen flow evaporator.

Add 0.3 g of silica gel to the filtrate.

2D GCxGC-TOF-MS(antioxidants)

Fig. 3. Schematical diagram of sample pretreatment for the analysis of total petroleum hydrocarbon and antioxidants in soil.
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Fig. 4. 3D color plots of a commercial oil : (a) A Gasoline (b) B Gasoline (¢c) C Gasoline (d) D Gasoline (e) JP-8 (f) Bunker C (g)

Lubricating oil. (h) Kerosene (i) Diesel.
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Fig. 4. continued

Table 3. Result of qualitative analysis of phenolic antioxidants in oil samples
Anti oxidants

Sample 2,6-DTBP 2,4-DTBP 2,6-DTBMP 3,5-DTBP 0Oil Type
(m/z 191) (m/z 191) (m/z 205) (m/z 191)

a Not Detected Not Detected Not Detected Detected Gasoline
b Not Detected Not Detected Detected Not Detected Gasoline
c Detected Detected Not Detected Not Detected Gasoline
d Not Detected Detected Not Detected Not Detected Gasoline
e Detected Detected Not Detected Not Detected JP-8
f Not Detected Not Detected Not Detected Not Detected Bunker C
g Detected Detected Detected Not Detected Lubricating Oil
h Not Detected Not Detected Not Detected Not Detected Kerosene
i Not Detected Not Detected Not Detected Not Detected Diesel
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Table 4. Result of qualitative analysis of phenolic antioxidants in soil samples

Anti oxidants

Concentration of soil

Supposed oil

Sample 2,6-DTBP 2,4-DTBP 2,6-DTBMP Type") (TPH)
(m/z 191) (m/z 191) (m/z 205) (mg/kg)
Soil A Not Detected Detected Detected Kerosene 135
Soil B Not Detected Detected Detected Kerosene 73
Soil C Not Detected Detected Not Detected Kerosene 230
Soil D Not Detected Detected Detected Kerosene 89
Soil E Not Detected Detected Not Detected Kerosene 12181
Soil F Not Detected Detected Not Detected Kerosene 602

"The oil type in soil were supposed by finger print analysis method(i.e. peak pattern matching analysis method).
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2D Chromatogram

Fig 5. 2D Chromatogram and 3D color plot of antioxidant in soil (m/z191, 205).
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