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INTRODUCTION

Within the past decade, numerous reports have appeared in the nmedia
which have spotlighted the identification of volatile organic
chemicals (VOC's) in groundwater and drinking water supplies. 1In
some cases, the origin of the VOC's could be inferred from the
proximity of industrial or commercial facilities when their use or
disposal practices were taken into account. In other cases,
however, no obviocus connection was discernible between the
appearance of specific chemical compounds in a given location and
their use or disposal in that area (9, 13, 14). It is this
particular dilemma that is the subject of this paper.

A number of authors and agencies have concerned themselves with the
occurrence of vinyl chloride in groundwater, drinking water, and
gas and leachate from landfills (9, 13, 19). In their efforts to
discover the source or sources of the vinyl chloride being
detected, the investigators have attempted to identify and examine
the known and the most plausible origins as well as some which are
only minor or remote possibilities. This paper, based on a review
of published literature, briefly reviews the results of these
examinations in an attempt to understand the issue and hopefully
alleviate some unfounded concerns. Among the potential origins of
vinyl chloride examined in the most complete reviews of this
subject are:

- Microbial transformation of chlorinated solvents
- Chemical transformation of chlorinated solvents

- Leaching of residual wvinyl chloride monomer from "old"
polyvinyl chloride (PVC)

- Degradation/depolymerization of PVC
- Other sources

A list of the commonly used abbreviations for the chemical species
discussed in this work is given in Table 1.

995051 9%Y




MICROBIAL TRANSFORMATION
OF CHLORINATED SOLVENTS

Of the potential sources of vinyl chloride monomer in landfills and
groundwater, the one origin that has been the most extensively
researched and <characterized 1is the biotransformation of
chlorinated solvents under a variety of conditions.

Figure 1 shows the pathways of reductive dehalogenation which lead
to the biotransformation of the common chlorinated solvent
perchloroethylene (PCE or tetrachloroethylene) under methanogenic
conditions. 1In Fiqure 2, the pathways for the transformation of
trichloroethane by both biological and abiotic means are
illustrated.

Early work by Bouwer and McCarty (2) demonstrated that some 1- and
2- carbon halogenated aliphatic compounds could be degraded under
methanogenic conditions in the laboratory. This work suggested the
existence of a sequential pathway for the degradation, as mixed
cultures seeded with PCE and incubated for 8 weeks under
methanogenic conditions produced measurable amounts of
trichloroethylene (TCE). Parsons et al (10, 11) conducted studies
in static microcosms and groundwater which demonstrated the ability
of micro-organisms in muck from an aquifer recharge basin to
transform PCE and TCE to cis and trans 1,2-dichloroethylene (cis-
DCE and trans-DCE) and vinyl chloride (VC). No such transformation
occurred when the muck material was sterilized before incubation.
This study suggested how the cis and trans dichloroethylene and
vinyl chloride could be found in groundwater in an area where these
materials had not been used and yet PCE, TCE and TCA were widely
used (13, 14).

Additional studies by Kleopfer et al (8) and Barrio-Lage et al (1)
as well as others (3, 4, 12, 15, 16, 17, 18) have solidly
established the ability of microbial cultures in methanogenic
environments to transform the most commonly found chlorinated
solvents (PCE, TCE and TCA) to the less commonly found chemical
species (cis-DCE, trans—-DCE, 1,1~DCA and vinyl chloride). Even
further, work by Vogel and McCarty (16) has suggested that
mineralization of the VC €O, 1is possible under anaerobic
conditions, Hartman et al (6) isolated a strain of Mycobacterium
which could use vinyl chloride as the sole carbon and energy source
for growth under aerobic conditions.
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FIGURE 2

PATHWAYS FOR THE TRANSFORMATION OF
TRICHLOROETHANE UNDER METHANOGENIC CONDITIONS+
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CHEMICAL TRANSEORMATION
OF CHLORINATED SOLVENTS

A recent and complete review of the abiotic transformation of
halogenated aliphatic compounds has been published by Vogel, et al
(15). In their work, the authors point out that although most
abiotic transformations are slow when compared with biotic
transformations, they can still be significant within the time
scales associated with groundwater movement. They concluded that
the most likely transformations under a given set of conditions is
strongly influenced by the number and type of halogen substituents,
with oxidation and reduction reactions being favored as halogen
numbers increased.

Tabulated reaction products for systems involving chlorinated
ethanes included ethanol, acetic acid, 1,1-DCE, TCE and CO,.
Figure 2 1illustrates the nature of abiotic steps in the
transformation of TCA. In the same study (15), these authors
reported the stoichiometry of the conversion of 1,1-DCE to VC and
partial mineralization to CO,. The overall fate of TCA (i.e.,
reaction rates, intermediates, etc.) is largely influenced by
environment, microbial flora and organic content. Therefore, the
consumption of precursors to vinyl chloride by alternate and even
favored routes should be considered. An example would be the rapid
conversion of TCA in anaerobic conditions to 1,1-DCA and further
to CO, versus the alternative route to VC (Figure 2). Vogel et al
(15) concluded that the products and complex pathways of Figure 2
were consistent with field observations of products found in
groundwaters contaminated with 1,1,1-TCA. An additional analysis
(19) of abiotic steps in the transformation of TCA to lesser
chlorinated species including VC concluded that thermodynamic
factors did not favor the reactions directly leading to VC and that
activation energies associated with others would provide formidable
barriers to reaction. Bacterial, chemical and thermal catalytic
effects could overcome the barriers, however, so chemical
transformations were at least possible.

The overall conclusion that can be drawn from the work done in this
area is that some contribution to the degradation products detected
is probably of abiotic origin. The magnitude of the contribution
is expected to be small relative to biotransformation when
thermodynamic and kinetic effects are taken into accaount. Other
experimental evidence suggests agreement with this conclusion. As
noted above, Figure 2 illustrates abiotic and biotic pathways for
the transformation of TCA through a variety of intermediates to
carbon dioxide.
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DEGRADATION/DEPOLYMERIZATION OF PVGC

In the aftermath of the first discoveries of vinyl chloride being
emitted from landfills and detected in groundwater, any and all
potential sources were identified with little regard for level of
contribution or experimental evidence. This appears to have been
the case with the depolymerization of PVC.

The thermal, photolytic, bioclogical and high energy degradation
paths of PVC have been examined (7, 9 and references therein).
Pyrolysis experiments on PVC at temperatures from 150°C to 650°C
released expected amounts of residual monomer, but no formation of
new monomer was detected (9). The expected products, HCl and
hydrocarbons from the known decomposition route were detected.
Earlier research has reported a maximum of 35 ppm VC detected from
PVC pyrolysis in air at 350°C and a maximum of 6 ppm was found at
500°C in a helium atmosphere. With only these minor levels of
production, and the temperatures required, it can be calculated
that a vast majority of the carbon present in a landfill would have
to be present as PVC for this mechanism to produce the- observed
levels of VC at many landfills. Since it is well known (5) that
plastics in general only constitute approximately 7% of landfill
contents and PVC is less than 10% of that amount, thermal
degradation of PVC is very improbable as a source of VC in
landfills.

Other routes of PVC degradation, photolytic and high energy, have
been shown to be even less likely given the presence of soil covers
and the absence of high energy source. The only remaining
degradation route, biological, is strongly argued against by the
myriad of applications of PVC articles in above and below ground
applications. It is the well characterized resistance of this
material to aggressive environments that makes it a desirable
material of construction. As an example of this, the Uni-Bell PVC
Pipe Association of Dallas, Texas, recently completed some pipe
longevity research in which a 200 foot section (out of 250,000
feet) of 4" diameter PVC water pipe was unearthed after 22 years
in undisturbed underground service. The measurements and tests
performed on the pipe showed that it met or exceeded the standards
for new pipe in every respect. Unlike other polymers, PVC is not
known to depolymerize or "unzip" with release of monomer (7).

The above discussion and the absence from the literature of any
documentation of significant PVC depolymerization to monomer argues
strongly that depolymerization is not a significant source of
detected VC in the environment.
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CONCLUSIONS

The result of scientific investigations reviewed here support the
following conclusions regarding the occurrence of vinyl chloride
in landfills or groundwater:

1.

The decomposition of polyvinyl chloride plastics (PVC) is the
least probable source of vinyl chloride.

The biotransformation of perchloroethylene to
trichloroethylene, dichloroethylene, vinyl chloride and carbon
dioxide has been demonstrated (figures 1 and 2). Thus, the
microbial decomposition of chlorinated hydrocarbons may
include the transient formation of a variety of intermediates
as they are ultimately mineralized to carbon dioxide.

The abiotic transformation of chlorinated hydrocarbons may
contribute minor amounts of +vinyl chloride that may
subsequently undergo biotransformations to carbon dioxide
(Figure 2).

Several other potential sources of vinyl chloride include the
release of vinyl chloride gas historically used as a
propellant in aerosol cans placed in landfills and past
practice of land disposal of polyvinyl chloride (PVC) sludges.

It 1is reasonable to expect vinyl chloride to undergo
decomposition to carbon dioxide regardless of the source.

Actions taken by manufacturers and users of chlorinated
hydrocarbons along with efforts by regulatory agencies have
served to eliminate landfills as a major disposal route for
these substances.
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