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DISCUSSION

The model adequately simulated the mobility and apparent decay of anthracene,
fluoranthene, and naphthalene in laboratory soil columns. Literature values [21]
were used for the partition coefficients in the model simulations of the experiments.
Apparent decay rates were estimated from the mass remaining in the columns operated
at high flow conditions. These rates were near the lower end of the ranges
reported-by Sims and Overcash [6]. The high flow rates appeared to create conditions
unfavorable for the apparent decay of naphthalene and anthracene. It was hypothesiz-
ed that the higher recharge rates might possibly reduce or limit the diffusion of
oxygen into the soil or volatilization in the case of naphthalene, causing a
reduction in apparent degradation rates.

Compared to moderate flow rates, results at high flow rates indicated that
the apparent decay rates were reduced by a factor of 10 for naphthalene, a factor
of 2 for anthracene, and no reduction for fluoranthene. The effect of flow rate
on decay rate parallels the relative molecular weights of the substances. Naphtha-
lene has the lowest molecular weight and has the widest variation of reported
decay rates (Table 2). Since the apparent decay rate of naphthalene is the
fastest of the three compounds, it is reasonable to assume that less than favorable
environmental conditions could have a large effect on the apparent decay rate of
naphthalene. Anthracene has a molecular weight between naphthalene and fluora-
nthene and the magnitude of variation in reported apparent decay rates for anthracene
is smaller than the magnitude of variation for naphthalene and larger than that for
fluoranthene. Fluoranthene has the largest molecular weight and has the narrowest
range of reported apparent decay rates. In contrast to naphthalene and anthracene,
there was no obvious difference in apparent decay rates between high and moderate
flow in the experiments with fluoranthene.

SUMMARY AND CONCLUSIONS

A mathematical model (VIP) was developed and implemented for evaluating the
fate of a hazardous substance in four physical phases of the soil environment:
water, oil, soil grains, and pore air (unsaturated pore space). The model includes
the following mechanisms: volatilization, degradation, adsorption/desorption,
advection, and dispersion. The model is implemented on IBM-PC, -XT, and -AT
compatible equipment, and has a built-in editor and accepts input files from
LOTUS spreadsheets.
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The program was structured in four functional modules and the modules were
tested independently and together. The model was found to be numerically stable,
maintain a mass balance for the constituent, and agree closely with known results
for analytical test problems in the range of practical applications. Because of
its modular structure, the program was found to be an effective research tool. A
variety of hypotheses, expressed as mathematical equations, may be conveniently
inserted and tested in the model.

Laboratory experiments were conducted to observe the transport and degradation
of three polynuclear aromatic hydrocarbon (PAH) compounds in soil columns under
two flow conditions.

The model closely simulated the fate and behavior of three polynuclear aromatic
hydrocarbon (PAH) compounds in a sandy loam soil during a three month period.
Degradation and immobilization were significant processes affecting the behavior
of the PAH constituents in the sandy loam soil. The model was accurate at both
moderate and high infiltration rates.

It was possible to use literature values for the soil-water partition co-
efficients in the model simulations for all three PAH compounds. However, apparent
decay rates were observed to vary significantly with flow rate. At high flow
rates, the values of the apparent decay rates were at the lower end of the range
of values reported in the literature [6].

High recharge rates may reduce or limit the diffusion of oxygen into the soil
as saturated conditions are approached. Reduction in the decay rate of easily
degradable constituents may result, as well as mobilization of constituents with
low soil partition coefficients. This was observed for naphthalene, where the
decay rate was an order of magnitude lower for high than for moderate flow. The
decay rate of anthracene, with a larger molecular weight than naphthalene and a
lower decay rate, was reduced by a factor of two under high infiltration condi-
tions. Fluoranthene, with the largest molecular weight and partition coefficient
and lowest decay rate, was unaffected at high infiltration conditions.

The VIP model application using literature and/or laboratory results provides
an approach and a methodology for predicting the behavior of hazardous constituents
in soil systems, and for addressing requirements of the U.S. EPA concerning land
treatment demonstrations as specified in the Permit Guidance Manual on Hazardous
Waste Land Treatment Demonstrations [23].
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