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Fig. 1 Differential thermal analysis (DTA)-thermogravimetric
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Table 1 Differential thermal analysis (DTA)-thermogravimetric analysis (TGA) parameters of HA examined
1 2 2/ 1
(m) (kl/g) (%) (kl/g) (%)
0.5 24.3 30.2 31.9 36.7 1.31 1.22
1.5 18.8 27.3 16.0 24.8 0.85 0.91
35 17.7 25.9 9.69 22.5 0.55 0.87
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7.5 13.8 25.0 6.22 20.5 0.45 0.82
2.2 HA X 1s-3p/c* 288.5 eV
2.2.1 C-1s NEXAFS 2a Is-m* (814151 292 5 eV c-C C-O
C-1s NEXAFS 285.3 1s-30* 1 C-1s NEXAFS 290.0 eV
288.7 eV
M 290.0eV (8]
NEXAFS C-1s NEXAFS
HA
2.2.2 HA C-1s NEXAFS 2b HA 2 2 HA
C-1s NEXAFS HA C-ls 48.8%
NEXAFS 285.5 287.8 2885 292.5eV 41.2%
4 10% HA
285.5eV 1s-* 287.8 eV
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Table 2 Relative proportions of organic carbon functional group
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Structural Characteristics of Humic Acids from Long-term
Petroleum Contaminated Soil: DTA, TG and C-1s
NEXAFS Spectroscopy

LI Cui-lan', WANG Shuai’, ZHANG Jin-jing'", GAO Qiang', WANG Li-chun’
(1 College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China; 2 Institute of

Plant Science, Jilin Agricultural Science and Technology College, Jilin 132101, China; 3 Agricultural Resources and
Environments Research Centre, Jilin Academy of Agricultural Science, Changchun 130124, China)

Abstract: An abandoned petroleum well which had been exploited for about twenty years in Songyuan city of Jilin
Province, China, was selected to investigate the structural characteristics of soil humic acid (HA) under different petroleum
contamination levels. Surface (0—20 cm) soil samples were collected at 0.5, 1.5, 3.5, 5.5 and 7.5 m depths from well head. HA
were extracted with 0.1 mol/L NaOH and 0.1 mol/L Na,P,0, and were characterized with differential thermal-thermogravimetric
analysis (DTA-TGA) and synchrotron-based soft X-ray near-edge adsorption (C-1s NEXAFS) spectroscopy. With the decrease in
the distance of soil from well head, the reaction heat value and weight loss at both moderate and high temperature exothermic
peaks from the DTA-TGA of HA increased, and the heat ratio of the high to moderate temperature exothermic regions increased.
The C-1s NEXAFS data suggested that the relative contents of aromatic C and carboxyl C increased, while that of aliphatic C and
the ratio of aliphatic C to aromatic C decreased. These results showed that aliphaticity of HA decreased while aromaticity
increased with the increase in petroleum content. The results obtained by C-1s NEXAFS spectroscopy were mainly corresponding
with those obtained by chemical analysis, thermal analysis, FTIR and °C CPMAS NMR spectroscopy, which indicated that C-1s
NEXAFS had a potential in characterizing the structural changes of HA in soil with different petroleum contamination levels.

Key words: Petroleum contaminated soil, Humic acid, Differential thermal analysis, Thermogravimetric analysis, Soft

X-ray near-edge adsorption spectroscopy
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