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In situ Experimental Research on Natural Attenuation of Oil Pollutants in a Gas

Station

JIA Hui'?, WU Xiao-feng', HU Li-ming', LIU Pei-bin’

(1. State Key Laboratory of Hydro-Science and Engineering, Institute of Hydrology and Water Resources, Tsinghua University, Beijing
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Abstract: The natural attenuation rules of oil pollutants are investigated by carrying out a field experiment in a gas station in Beijing,
using a set of soil gas sampling and monitoring device designed independently. The samples of soil gas were collected in the field and
tested to examine the content of O,, CO,and VOCs in the unsaturated zone. The results show that after 381 days’ natural attenuation,
the concentration of the contaminants at the polluted point deceased by 99.2% , while the ratio of BTEX to TVOC decreased from
17.0% to 12. 1% . Moreover, the content of O, decreased while that of CO, grew as the soil depth increases at G3 point. Further
theoretical analysis indicated that;(DThe test results of first-step experiment show that there was a certain level of contamination in G3
area. And after 381 days’ natural attenuation, the content of the BTEX at G3 point fell below the environmental standard level, which
means the control measures could be removed. @The origin of the contamination was proved as short-term sources, and no long-term
sources of leakage existed. 3)An effective removal of contaminants in the soil was found under the influence of the natural attenuation.
This method could be applied in long-term monitoring for similar contaminated sites. @The test of O,and CO,contents was proved to be
an effective approach to determine if the aerobic degradation happens.

Key words : unsaturated zone; oil pollutants; natural attenuation; in situ experiment; VOC; O, ; CO,
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Fig. 1 Diagram of soil gas sampling system
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Fig. 2 Monitoring point layout of a gas station in Beijing
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Table 1  Depth and volume setting of sampling point

RE PR /L
MAgRS (WEtiEekm) S
/cm G3 /. B
) 20 > 0, .C0,
25 70 2 2 0, .Co,
2 2 0, .CO,
38 110
7 4 / voC
2 2 0, .C0,
4% 150
4 4 / voC
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Table 2 Parameters of soil properties for the gas station

. ke BECTEE LA

AmE mRLE oy CRTEE LR
K /mg-m /mg-m

0.429 2.65 0. 246 1.51 x 10° 1. 89 x 10°

3 HFRESMW

3.1 fimilih vOCs SAHME B4

E— YR 9 S 3SR VOCs ARk
JEATEs IR T 3.

F3 E-RRBREECENDSHRENMFER/mgem

Table 3 Analysis results of vapor concentration of the

organic compounds /mg-m ~*

o % VOC F-¥uk i TvOC
FORE K XTHIE AATHE OWHE

Gl 0.015 0.041 0.049  0.046 0. 047 2.65
G2 0.114 0.113 0.112  0.131 0.077 8.22
G3 3.029 2.237 2.359  3.862 1.937 78. 84
G4 0.045 0.142 0.015  0.009 0.027 1.93
G6  0.025 0.029 0.003 0.006 0.017 3.57
G7 0.011 0.016 0.099  0.015 0. 088 6. 86
G8 0.016 0.029 0.035  0.039 0.033 2.47
GI1  0.012 0.017 0.007  0.003 0.014 0. 89
G2 0.032 0.052 0.012  0.007 0.018 0.49
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Fig. 3 Vapor concentration contours of TVOC
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Table 4  Vapor concentration of BTEX at G3 point by

the second experiment /mg-m ~ >

Mg K HI% R LK TVOC
G3 0.016  0.046 0. 009 0. 004 0.62
G4 0.016  0.017 0. 000 0. 001 0.56
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Table 5 Total concentration and decay rate of BTEX
S| E.S IR % ZHER
B — U BRI cp/mg-m =3 68.917 65.783 72.775 658.773

BRI B op/mgem ™ 0.364 1.353 0.123  1.022
R/ % 99.47 97.94 99.83  99.84

HE— DX R R TR R Y], G3 S 4 381
d [ B SR FEE, 97% L i BTEX 5 2 4 %03 bk,
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Table 6 0, and CO,content of soil gas samples

at G3 point and reference point

A BEA)Z R 0, &/ %

CO, EH/%

S5 WEE/em G3 i e G3 A Z% 5
1 30 20.958  20.300 0. 042 0.223
2 70 8.398 / 0. 490 /

3 110 5.151  20.562 1.037 0.123
4 150 3.616  20.566 1. 647 0. 069
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Fig.4 Vertical distribution of O, content in the soil
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Fig.5 Vertical distribution of CO, content in the soil
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Table 7 Soil screening values of risk assessment launch/mg+m ~
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