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ABSTRACT

Over 30% of domestic soil contamination has occurred via petroleum products and complex oil. Moreover, contamination
by complex oil is more intense than it is by a single petroleum product species. In this study, we analyzed sectional TPH
(total petroleum hydrocarbon) pattern and sectional ratio of current domestically distributed petroleum products, such as
kerosene, diesel, bunker C, and lubricant and complex oils, to determine pollution characteristics of the soil. In the TPH
pattern, kerosene, which is a light distillate, had an early retention time, and lubricant oil, which is a heavy distillate, had a
late retention time in the gas chromatogram. In addition, we obtained a complexly contaminated soil via diesel and
lubricant oil from the Navy and inspected it for its ratio of complex oil species. The inspection results showed that this soil
was contaminated with 85% diesel and 15% lubricant oil. The method developed in this study could be used to determine
complex petroleum sources and ratios at sites with accidentally contaminated soil.
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Table 1. Specifications of petroleum fuels used in Korea

Kerosene Diesel (Vehicle) Bunker C
Pour point (°C) - below 0.0 (winter : -17) -
Flash point (°C) over 38 (Tag) over 40 (PM) over 70 (PM)
Kinematic Viscosity (mm?%s) - 1.9~5.5 (at 40°C) below 540 (at 50°C)
Distillation (T90, °C) below 256 - -
Carbon residue in 10% residual oil (wt.%) - below 0.15 -
Water & sediment (vol.%) - below 0.02 below 1
Sulfur below 0.01 (wt.%) below 10 (mg/kg) below 4 (wt.%)
Ash (wt.%) - below 0.02 -
Cetane value (cetane index) - over 52 -
Copper strip corrosion (3 h) below 1 (at 50°C) below 11 (at 100°C) -
CFPP (°C) - below -16 -
Lubricity @60°C (HFRR wear scar, pm) below 400 -
Density @15°C (kg/m®) - 815~835 -
Polyaromatic content (wt.%) - below 5 -
Aromatics content (wt.%) - below 30 -
FAME (vol.%) - 2~5 -
Color (saybolt) over 21 - -
Marker content (mg/L) over 10 - -
Smoke point (mm) over 21 - -
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[ add 5~15 g soil sample to beaker }

add 200 mL of CH,Cl,
add anhydrous Na,SO,

v

[ Sonication for 3 min (2 times) }

remove soil & Na,SO, by filter
vy

[ Concentrate to 2 mL }

add 0.3 g silica gel to remove impurity

4

[ GC analyze the upper solution J

Fig. 1. Diagram of pretreatment method for soil contaminated by
petroleum products.
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Fig. 2. Chromatogram of TPH pattern in petroleum products.

Table 2. TPH ratio analysis of pure petroleum products by GC
retention time range

Range Kerosene Diesel  Bunker C  Lubricant

(r-t, min) (%) (%0) (%) (%)
1.9~4 36.4 23.8 2.6 0.1
4~6 48.6 245 84 0.2
6~8 12.0 33.1 40.8 1.2
8~10 0.2 14.8 26.0 233
10~12 1.1 2.6 14.8 54.1
12~14 0.9 0.7 4.9 152
14~16 0.6 0.4 2.0 4.8
16~18 0.2 0.1 0.5 1.1

a : sectional % ratio in retention time range
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Table 3. TPH ratio analysis of complex petroleum products by GC retention time range

Range K:D K:D K:D D:B-C D:B-C D:B-C B-C:L B-C:L B-C:L
(rt, min) (75:25) (50:50) (25:75) (75:25) (50:50) (25:75) (75:25) 50:50) 25:75)
1.9~4 824 30.7 314 159 15.8 9.6 1.9 0.8 0.3
4~6 11.0 34.8 42.6 21.3 14.9 13.5 6.1 32 0.7
6~8 4.8 23.0 19.3 383 413 35.0 264 19.3 6.0
8~10 12 8.2 4.5 18.5 18.6 22.8 23.8 273 253
10~12 0.3 1.9 1.1 4.0 7.0 12.8 29.2 38.1 524
12~14 0.1 0.8 0.6 1.2 1.9 4.1 8.8 94 13.0
14~16 0.1 0.5 0.3 0.6 0.4 1.7 3.1 1.6 2.3
16~18 0.0 0.2 0.1 0.2 0.0 0.4 0.8 0.2 0.1
Range K:B-C K:B-C K:B-C D:L D:L D:L K:L K:L K:L
(rt, min) (75:25) (50:50) (25:75) (75:25) (50:50) (25:75) (75:25) (50:50) (25:75)
1.9~4 314 23.6 16.7 15.7 11.3 5.6 294 272 10.5
4~6 429 34.0 25.6 19.7 14.1 59 34.8 353 143
6~8 17.4 24.6 28.1 31.2 20.2 9.0 8.2 8.6 3.7
8~10 43 10.2 15.5 16.8 17.5 212 59 13.1 16.8
10~12 2.7 5.6 10.5 12.0 27.0 42.6 152 32 39.8
12~14 1.0 1.6 3.0 33 7.2 11.5 4.6 9.0 10.9
14~16 0.2 04 0.6 1.1 22 3.5 1.4 29 33
16~18 0.0 0.0 0.0 0.3 0.5 0.8 0.4 0.7 0.8
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Fig. 4. Analysis of each petroleum product’s contents in soil
samples contaminated by complex oil.
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