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ABSTRACT

The effect of co-pollutant degradation on partitioning of pelychlorinated
dioxins in saturated solls under aerobic and anaerobic conditions was
investigated.  The results obtained tndicate that the degradation of
co-pollutants such as pentachlorophenol, naphthalene and methylnaphthalene is
highest under aerobic conditions. The concentration of “free* PCODs 1in the
aqueors phase decreased with the decrease in the cancentration of ca-pollutants.

INTRODUCTION

Certain wood treatment operations conducted over the past 40 years without
environmental precautions have Jed to extensive contamination of soil and
groundwater at many sites in the United States. Particular concern has resulted
from the detection of highly toxic polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans in seil and water. These compounds are highty
persistent in the soil environment (1-5). Due to their high toxicity, the
presence of these compounds, even at ultra-trace levels (European Standard 50
ppg), has been deemed unacceptable in groundwaters, The physicochemical
properties of these compounds suggest that thejr downward movement should be
negligible, and this is supparted by Tleaching studiss conducted with pure
compounds (6,7). The measurable contamination of aquifers observed at wood
treatment sites is related to the presence of co-contaminants, mainly the )ight
petroleum components of pentachlorophenol treatment formulations (8,9). The
groundwater contamination is in the form of a colloidal suspension and is
dependent on the persistence of co-contaminants in the saturated soil
environment.  The present study was initfated to monitor the effect of
co-pollutant degradation on the partitioning of polychlorinated dioxins in
saturated soils under aerobic and anaerobic conditions. In addition, the
effects of a denitrificalion process on the degradation of co-poliutants and
PCOD sorption behavior were also monitored.

EXPERIMENTAL
Aliquots of soils were obtained from Times Beach, Missouri, and from a wood
treatment site in southern California. The soils were air dried and stieved to
remove the particles larger than 2 mm. The sieved soils were divided into two
portions, one of which was sterilized in an autoclave. The sterilized and

Organchalogen Compounds 3

327

1990



non-sterilized soils were then spiked with a mixture of PCODs with 3 to 8
chlorine substitutions and a mixture of 5% pentachlorophenol and petroleum oil.
The spiked soils were transferred to shake flasks. Oeaerated water was added to
one set of shake flasks containing non-sterilized soil. Acrated water was added
to another set of flasks containing sterilized and non-sterilized soils.
Potassium nitrate was added to a set of non-sterilized soil with deaerated
water. The flasks were allowed to equilibrate for periods ranging up to 180
days. Aliquots of water and soil were taken at six different time intervals.
The concentrations of oil compenents, pentachlorophenols and PCDDs were
determined. Experiments were carried out in duplicate with three different
levels of the contaminant concentrations.

SULT SCUSSION

The objective of the present study was to monitor the degradation of
co-pollutants commonly associated with PCODs at wood treatment facilities and
its effect on binding of PCODs in a saturated soil environment. The results
obtained so far findicate that the degradation of co-pollutants such as
pentachlorophenol, naphthalene and methylnaphthalene is highest under aerobic
conditions. Under these conditions, the concentration of the naphthalene
dropped from 2500 ppm to less than 1 ppm in 180 days. Similar results were
obtained for pentachlorophenol, in which case the concentration dropped from
5000 ppm to less than 1 ppm over the same period. These decay curves follow
typical first order rate kinetics. The decay is much faster at higher
concentrations. The half-life at lower concentrations is much longer. These
results are in agreement with the results reported in the literature (10-13).
As expected, little or no degradation was observed in the sterilized system,
The concentration of "free* PCDDs, t.e., the concentration in the aqueous phase,
decreased with the decrease in the concentration of co-pollutants. It should be
pointed out that almost all of the so-called free concentration is associated
with the colloidal suspension of co-pollutants, In the absence of colloidal
suspensians, the higher concentration of co-pollutants actually results in an
increased binding of PCODs to the soil matrix. The long term stability of
co-pallutants §s related to the very low level of microbial activity in the
predominantly anaerobic conditions which exist in deep aquifers.  Enhanced
degradation of polynuclear aromatics has been shown to occur under
denitrification conditions (14,15). The effect of denitrification on the
degradation of co-pollutants and its effect on the adsorption behavior of PCOD
is also being examined.
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