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Laboratory study of the impact of model soil organic carbon content
and mineral matter on TCE sorption behaviors

HAN Lu, HE Jiang-tao, ZHANG Jing and ZHANG Kun-feng
(Beijing Key Laboratory of Water Resources and Environmental Engineering, China University of Geosciences,

Beijing 100083, China)

Abstract: In this experiment, the authors simplified the complexities and heterogeneities of the soil environment
in order to study the impact of soil organic matters and minerals on the TCE sorption behaviors in homogeneous
soils. The given minerals, which were mixed kaolin clay and silica sand according to the proportion of 3:7 and
served as the soil matrix structure, were added to different amounts of humic substance( f,.=0.16% ~2.29% )
to comprise the model soils. The parallel experiments of the TCE sorption were carried out both in minerals and
model soils respectively by using the batch experimental method. It is concluded that the sorption of the TCE
was characterized by nonlinear isotherm. The linear sorption reaction was enhanced and the contribution rate of
the minerals to the sorption was reduced with the increasing amount of the organic matters. The sorption contri-
bution rate of minerals was less than 5% when the organic carbon content was more than 0.82%, and even
could be neglected when the organic carbon content was higher than 1% . Also the original concentration of the

TCE could affect the capacity of the sorption and the sorption contribution of the organic carbon and minerals in
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some way. The Freundlich sorption model was used to simulate the TCE isotherm sorption patterns in two seg-

ments, with C,=500 pg/L as the boundary. The fitting exponential of Freundlich () decreased with the in-

creasing TCE concentration. Besides, the contribution rate of the organic carbon increased while that of the min-

erals went down with the increasingly higher TCE concentration. When the TCE concentration varied from 50

to 500 pg/L and f,.. was 0.16%, the sorption contribution rate of minerals fluctuated in the range of 28 % ~

16% and decreased to 3% ~1% at f.. equal to 1%, whereas the TCE concentration almost had nothing to do

with their contributions.
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Table 1 Parameters of actual samples and model samples

0, 0 . 0y ’I‘CE
m % S % Soo % pg L7
1 0~0.5 27.9 0.59 KW 0 3:7 30~500
2 0.5~1 20.7 0.19 S1 0.16 3:7
3 1—~1.5 29.3 0.40 2 0.29 3:7
4 1.5~2 52.8 0.78 S3 0.58 3:7
5 2~2.5 29.8 0.43 4 0.82 3:7 50~1 300
6 2.5~3 40.5 0.28 S5 1.19 3:7
7 3~3.5 22.8 0.16 S6 1.55 3:7
8 3.5~4 20.9 0.12 S7 2.29 3:7
9 4~4.5 34.0 0.24
10 4.5~5 33.7 0.10
1 5-5.5 34.8 0.17
8 50~1300 pg L
TCE 30~500 pg L
Haderlein et al.
4.00 g 20 mL 1996
TCE 19 mL
NACs TNT
25C 200 r min 48 h DNOC
48 h
3500 r min 10 min 3
mL 10 mL Schwarzenbach ez al. 2004
TCE
TCE Bachus and Gschwend 1990 2004
1.3 2006 <200
TCE 7694E pg L
CerityQA-QC Agilent 6820
0.05 pg L
HP-624 ECD 160C
1.0 mL min 70C 10
min ECD 300C
Vial 60C Loop 70C Trlline 80C
Tzoua et al. 2008
2 2.2
Fre-
2.1 undlich R?
TCE 0.98 2
Freundlich  langmuir foe 0.16% ~2.29%
1 Haderlein 1996 foe 0.16%  Freundlich
135 n 1 log Kf:
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Fig. 1 Isotherm sorption patterns of model minerals
2 TCE
Table 2 Sorption isotherm functions of TCE to model soil samples
foe % Freundlich n R? logKr L kg ™! N*#
Sl 0.16 y=0.797x +0.245 0.797£0.022 0.996 0.245+0.055 8
S2 0.29 y=0.805x+0.612 0.805+0.018 0.997 0.612+0.045 8
S3 0.58 y=0.8342+0.730 0.834 +0.027 0.994 0.730£0.065 8
S4 0.82 y=0.899x+0.734 0.899+0.039 0.989 0.734+£0.091 8
SS 1.19 y=0.864x+0.984 0.864 +0.038 0.989 0.984+0.085 8
S6 1.55 y=0.899x +1.060 0.899+0.23 0.996 1.060 +0.051 8
S7 2.29 y=1.031¢c+0.938 1.031+0.037 0.992 0.938+£0.076 8
™ n 1 >95% f.>1%
logKp foe TCE 98 %
n logKp TCE
foe foe>0.82%
Soe >
o 0.1%
2.4 TCE
2.3 TCE TCE
TCE TCE
3 TCE
5 Freundlich n e
0.16% 0.29% 450 ~ 500
pg L Fre-
undlich n
2
foe <0.16% Cy=50~500 png L foe 1.15% 2.29%
150—~200 pg L
8%  22% S Soe n
o >0.82% Soe
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Fig. 2 The respective contributions of the organic carbon content and the mineral to TCE sorption
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Fig. 3 The relationship between the original sorbate concentration and the TCE sorption isotherms
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Fig. 4 The effects of the original sorbate concentration on the respective contributions of the organic carbon

content and the mineral to TCE sorption
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