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Volatile Contaminants of Drinldng Water
ublic concem about possible contamination of water supplies is a fact of life. It is a
fear of the unknown that may be overdrawn, but a fear that could lead to a waste of
hundreds of billions of dollars. Development of effective means of reducing water
contamination would ease concerns while miinimii'ng costs of remediation. This country is
only in the beginning stages of conducting the necessary research and development, but
progress is being made, particularly in delineating the problems and in conducting research.
The volatile contaminants in a large number of water supplies have been analyzed and
means of destroying them are being discovered. The most ubiquitous class of pollutants is
chlorinated hydrocarbons, notably TCE (trichlorethylene, CHC1=CC12) and its degradation
products. TCE is one of the leading contaminants found in ground water and is the chemical
most often detected at Superfund sites. Large quantities of it were widely used for decades in
degreasing, and wastes were carelessly disposed of.
The physical properties of TCE have contributed to its widespread occurrence. It has a
boiling point of 88°C and a density of about 1.46. Its solubility in water is about 1000 parts
per million (ppm). Thus when dirty fluids were conveyed to waste dumps, part of the TCE
evaporated, but much of it moved downward; some ultimately encountered ground water.
Ground water in aquifers travels at rates as low as a meter per year and as high as meters per
day. Plumes of contaminated water that extend 10 km from sources have been noted.
In pure water at pH 7 and ambient temperatures, highly chlorinated hydrocarbons are
remarkably stable, with half-lives as long as a million years or more. However, under
strongly reducing circumstances, some ofthe chlorine is removed and the resultant products
are more subject to hydrolysis and later to aerobic metabolism.
Because of its widespread occurrence, TCE has been and is the object of considerable
research activity. Work by Perry L. McCarty and colleagues at Stanford several years ago
showed that under methanogenic (reducing) conditions TCE was almost completely
destroyed in a few days. At ambient temperatures in the dark TCE reacts only slowly with
oxygen and is ordinarily not subject to attacks by microorganisms. However, some
organisms that can employ methane, propane, or toluene with oxygen as sole energy and
carbon sources can co-metabolize TCE. This discovery has led to research designed to form
the basis for patents on microorganisms to be used in TCE bioremediation. However, many
knowledgeable microbiologists suggest that mixed cultures already adapted to the local
circumstances will be quite effective. Organisms that can co-metabolize TCE have been
found in many places. In one instance a large and active community of microorganisms was
found in an aquifer 50 to 65 m beneath the soil surface.
In situ bioremediation of TCE-containing water is apparently limited to fluids
containing less than about 100 ppm of TCE. Higher concentrations seem to be toxic.
Nevertheless, this leaves enormous volumes of water to which biotreatment might be
applicable.
Some fraction of the TCE that has been placed at waste sites remains there in rusting
drums that should be removed at once. An additional approach is to transfer contents of the
waste site to an incinerator and subject it to high temperatures. This is probably the
procedure of choice when concentrations of contaminating waste are high. However, it is
expensive, and the cost per unit of waste destroyed can be excessive if the wastes are dilute.
Another technique is to bring contaminated water to the surface and to treat it, usually by air
stripping. This transfers the contaminant into the atnosphere. One possibility that has not
received much attention is a combination of moderate heat, moisture, and oxygen applied to
the waste site. One report* states that when a solution of TCE (1 ppm) was endosed in the
dark in a vessel containing air at a temperature of 25°C, the half-life of the TCE was less than
a year. At temperatures near 1000C the reaction should proceed in about a day.
Each waste site is different, and each aquifer is different. No single cure-all exists. But a
continued systematic approach involving earth scientists, chemical engineers, and microbiologists will surely lead to more effective remediation than has hitherto been achieved.
-PHILIP H. ABELSON
P

*W. L. Dilling, N. B. Tcfrtillr, G. J.

KaiLs, Envimsn. Sd. Tedmol. 9,833 (1975).
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