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Analysis of Higher Temporal Moments for Breakthrough Curves
of Volatile Organic Compounds in Unsaturated Soil
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ABSTRACT

Understanding the behavior of gas phase VOCs (volatile organic compounds) in- unsaturated soils is of a great
environmental importance for public health concens. Moment analysis for the breakthrough curves (BTCs) during
transport of chemicals in porous media was known to be a useful tool to evaluate the velocity, spreadness, and the
skewness of the plume of the chemicals. In this study, the temporal moments of the BTCs of a group of VOCs were
analyzed for the gaseous transport in an unsaturated soil. BTCs were measured using lab-scale column experiments for
four different VOCs at the water saturation range of 0.04-0.46, and for eleven VOCs at a water saturation of 0.21 The
central second and third moments of the VOCs were compared with the water saturation and the first moment. It was
found that both central second and third moments increased with the first moment. The central third moment was,
however, found to be more sensitive to the first moment.

Key words : VOC, Transport, Breakthrough curves, Soil, Moment analysis, Column study
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Fig. 1. (a) Breakthrough curve for methane transport; (b)
calculated second and third moments (unnormalized) based on
the methane breakthrough curve; breakthrough curve measued at
S, =0.46.
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Table 1. Summary of Chemical Properties for the VOCs Used in This Study

Chemical molecular weight (amu) Ky > (cm’g/om® ) K; *? (10™%cm) vapor pressure (kPa)?” solubility in water® (g/m’)
methane 16.04 27 - 27,260 24.1
n-hexane 86.17 70 0.109 202 9.5
n-heptane 100.21 90 0.233 6.11 293
n-octane 114.23 120 0.541 1.88 0.66
n-nonane 128.26 200 1.23% 0.571 0.122
n-decane 142.28 300 2.84% 0.175 0.052
methylene chloride 84.9 0.11 0.186 58.4 19,400
PCE 165.83 0.93 0.327 248 140
TCA 133.4 1.13 0.292 16.53 720
chlorobenzene 112.56 0.14 1.23 1.581 472
ethylbenzene 106.2 0.32 2.35 1.27 152
p-xylene 106.2 0.29 2.41% 1.17 185
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Fig. 2. Schematic diagram of the experimental set-up used in this
study.
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Fig. 3. Breakthrough curves (a), and the R,-normalized
breakthrough curves (b) for staight, saturated hydrocarbons and
methane; measured at constant water saturation of S,,=0.21.
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Fig. 4. Breakthrough curves (a), and the Rrnormalized
breakthrough curves (b) for chlorinated hydrocarbons and
methane; measured at constant water saturation of S,=0.21;
PCE-perchloroethene, TCA-1,1,1-trichloroethane.
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Fig. 5. Breakthrough curves (a), and the R-normalized
breakthrough curves (b) for aromatic hydrocarbons and methane;
measured at constant water saturation of S, = 0.21; Chlorobenz-
chlorobenzene, ethylbez-ethylbenzene.
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Fig. 6. Normalized temporal central second and third moments as
the function of the first moment; measured at constant water
saturation of S,,=0.21; methane data was not included for the
regression.
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