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The adsorption of trichlorinated hydrocarbon in the unsaturated zone

LIU Fei , LIU Ming-liang and HE Jiang-tao
(Beijing Key Laboratory of Water Resources and Environmental Engineering, China University of Geosciences,

Beijing 100083, China)

Abstract: The adsorption of organic contaminants in the vadose is one of the most important factors affecting their migration and
transformation process. Based on batch experiments, this paper deals with the adsorption behavior of trichlorinated hydrocarbon
(TCE) on soil samples with different contents of organic carbon. The results indicate that the content of organic carbon in samples
from the surface part is higher than that collected from the deep part. Generally speaking, the adsorption capacity increases with the
increasing content of organic carbon, but the difference of the adsorption capacity can reach as high as 5 times for samples with the
same organic carbon content, suggesting that there probably exists competition adsorption, and that mineral adsorption might be the
major mechanism. The adsorption of surface soil fits the liner adsorption well, and there exists no saturated adsorption capacity. In
deeper soil with lower organic carbon, however, the adsorption seems to be nonlinear.
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1.2
1.000 g 20 mL
Chiou  Chen TCE 10 mL TCE
Chiou et al. 1988  Karickhoff 1979 227 180 r min
48 h 3200 r min 20
min 5 mL 10 mL
Soe Ky TCE
K 1.3
Ku=Kq fo 1 pH
KOC
Schwarzenbach 1981 Je>0.1% Ky foe pH —1:
Chiou 1998 5 PHS-3C  pH
Dissolving Organic Matter DOM 0.0001 g fo
180T 5
min
Kdum CEC
K -EDTA
Gauthier 1987 14
-EDTA
K.
Ko X D Max-RC
7694E
HP-0601 HP-6890
0.05 pg L HP-624
Brusseau et al. 1991 ECD 160C 1.0 mL min
50C 1 min 10C min 70C 6
TCE . q . q
min ECD 300C Vial 50 C
Loop 60°C Tr.line 70C
2
1 2
1
1
Table 1 Physical and chemical characteristics of soil samples
1.1 E -
H % CEC cmi)ll foe g y
3 100g 100g
XY ZY IS 3 7Y 7.99 1.8 23.60 2.57
. ) XY 7.8 2.4 14.16 1.27
MJ HX BT XY ZY JS JS 7.67 1.6 19.40 3.22
0~10 em MJ HX BT 3 M 6.69 1.4 4.68 0.02
520 m 10 d HX 6.74 0.3 4.72 0.09
2 mm BT 6.68 0.5 6.29 0.02
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6
2 wp % TCE MJ
Table 2 Mineral species and compositions of surface soils TCE
3.09 g L
7Y 37.9 11.1 21.3 4.8 3.4 11.7 19.8 3
XY 41.0 6.0 15.5 10.7 1.5 2.3 23.0
IS 39.8 8.0 15.7 4.2 0.8 1.1 30.4 6 TCE
1 3
6 1 3
En 40 EDISOO —o— XY
% 30 ——MJ 51200
g{ 2 —=— X g{ 900}
¥ ——BT £ 600
§ 10 § 300l
0 200 200 600 300 0" 100 200300 400 500 600
FHERE/ gL FERE/ gL
1 6 TCE
Fig. 1 Adsorption isotherm of TCE on six soil samples
200 ng L Kq=q C, 2
3 Koe=Kd fo
M/ BT 0.02% HX 0.09% ¢ C.
M] Soe
5 pg kg HX 35 pg kg
BT 25 pg kg q=0C.+a 4
MJ] BT 5 a b
M] M]
TCE TCE
BT TCE Freundlich
MJ
3.096 pg L q=KpC" 5
3 TCE 3 n K Fre-
TCE A JS undlich q C.
XY 3
foe XY =1.269% [, ZY =2.565% f,. JS =3.215% Freundlich
JS XY Y
XY 7Y lgg = m + nlgC. 6
TCE m n
Langmuir
Freundlich Q
Langmuir q Q=aC, 1+aC, 7
a Langmuir
Ky Lang-
Ko muir 7
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a Q logKy  logK,,
1 ¢g=1aQX1 C.+1 Q 3 6
4 6 3 TCE
3
3 Langmuir
logK,. TCE 1.81~2.10 3
3 6 TCE
Table 3 Adsorption isotherm equation of TCE on six soil samples
R? logK 4 logK o
XY q=1.245 C.+35.89%4 0.9738 0.310+0.216 2.206+0.216
IS q=3.474 C.+12.723 0.9910 0.610+0.189 2.201+0.189
Y q=3.070 C.+48.002 0.990 0 0.593+0.168 2.086+0.168
M] g=C. 0.168 C.+19.943 0.9217
HX qg=C. 0.023 C.+2.312 0.942 6
BT g=C. 0.029 C.+4.171 0.8982
logK TCE 3 and fulvic acids J . Environ. Sci. Technol. 22 298~303.
3 Chiou CT McGroddy S E and Kile D E. 1998 Partition characteristics
3 of polycyclic aromatic hydrocarbons on soils and water J . Environ.
Sci. Technol. 32 264~269.
TCE Gauthier T D Seitz W R and Grant C L. 1987. Effect of structural and
compositional variations of dissoved humic materials on pyrene K.
J . Environ. Sci. Technol. 21 243~248.
Karickhoff S W Brown D S and Scott T A. 1979. Sorption of hy-
4 drophobic pollutants on natural sediments J . Water Research 13
3 241~248.
Lambert W J. 1993. Modeling oil-water partitioning and membrane per-
meation using reversed-phase chromatography J . J. of Chromato-
5 graphy A. 656 469—~484.
Schwarzenbach R P and Westall J. 1981. Transport of nonpolar organic
compounds from surface water to groundwater Laboratory sorption
3 logK., studies ] . Environ. Sci. Technol. 15 1360~1 367.
TCE 3 Wu Xiaofeng Tang Jie and Yukihisa Fujima. 2000. Residues of organic
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