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Compositions and Diagnostic Ratios of Heavily Degraded Crude Oil Residues in

Contaminated Soil in Qilfields

WANG Jian'?, ZHANG Xu'?, LI Guang-he'”
(1. School of Environment, Tsinghua University, Beijing 100084, China; 2. State Key Laboratory of Environmental Simulation and
Pollution Control, Tsinghua University, Beijing 100084, China)

Abstract: The aims of this study were to determine the rate of degradation of crude oil in soil, to reveal the fingerprints of residual oil
after long-term biodegradation, and to screen parameters for evaluation of the biodegradability residual oil. A total of 18 contaminated
soil samples containing heavily degraded crude oil residuals from Daqing, Shengli and Baise oilfields were analyzed. More than 100
individual target compounds including straight-and branched-chain alkanes ( n-alkanes, pristane and phytane), polycyclic aromatic
hydrocarbons (PAHs) , terpanes, steranes and triaromatic steranes ( TAS) in residual oil were determined by gas chromatography-mass
spectrometry ( GC-MS). For all the soil samples, less than 10% and 30% of alkanes and PAHs remained in the residual oils relative
to crude oils. Terpanes, steranes and TAS were found to be less biodegradable. Depletions decreased with increasing carbon number of
n-alkanes. However, average depletions >80% were found in n-alkanes with carbon numbers <37. Average depletions were >70% for
2-4 ring PAHs, while 5- 6 ring PAHs were more resistant. Increase in alkylation level decreased depletion within homologues of
naphthalene , phenanthrene, chrysene and Benzo[ e ] pyrene. GC-MS could only reveal less than 3% of the compounds of residual oils,
which were mainly comprised of n-alkanes with carbon number >20, alkylated naphthalenes and phenanthrenes, terpanes, steranes and
TAS. Based on compositional characteristics of alkanes and PAHs in residual oils, 6 diagnostic ratios, which were ratios of susceptible
compounds to resistant compounds or to the amounts residual oil, were proposed as the parameters for characterization of residual oils
and determining the biodegradability of oils contaminated soils.

Key words :soil; residual oil; n-alkanes; polycyclic aromatic hydrocarbons( PAHs) ; biomarkers; diagnostic ratios
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Table 1 ~ Target compounds analyzed by GC-MS in this study
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18a-30-FHT A bt 297Ts 191 nCy,

(13 17a-FHEE bE Diahopane 191 nC,,
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Fig. 2 Amounts of compound groups remaining in residual oil
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Table 2 Relative standard deviations of diagnostic ratios of the samples from the three oilfields
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