Potential and Limits of Aerobic and Anaerobic BTEX Biodegradation in Aquifers

by Joseph P. Salanitro, Ph.D.

It is now well established that a major fac-
tor of the intrinsic containment and mass
decline of plumes of the aromatic hydro-
carbons benzene, toluene, ethylbenzene,
and xylene (BTEX) from fuel spills to sub-
surface aquifers is the inherent and ubiqui-
tous degradative activity of soil micrabes
on these compounds. The availability of
dissolved oxygen (DQO) through the pro-
cesses of aquifer reaeration (groundwater
flow, rainfall events, capillary fringe aera-
tion) is also essential for stimulating aero-
bic biodegradation of BTEX.

Inrecent years, laboratory experiments with
aquifer sediments have shown that BTEX
may be biodegraded at significant rates by
anaerobic bacteria utilizing alternate elec-
tron acceptors (EA), e.g., NO_", Fe*', SO, 2,
and CO,. These findings have prompted
us to investigate three laboratory soil/
groundwater systems (aerobic, anaerobic,
and chronic low DO) which may represent
field plume conditions. When aquifer sedi-
ments were equilibrated with sufficient DO,
hydrocarbons (BTEX) were also degraded
at high rates with no lag phase. Expen-
mental simulations of chronic low DO. a
condition common in low permeability
aquifers, were performed in a pressure-
transducer-controlled respirometer in
which the DO was maintained at constant

low levels (less than | to 2 mg/L). BTEX
also degraded rapidly at all DO levels.

These results suggest that plumes that ap-
pear to have low DO but continuous oxy-
gen infiltration significantly bioattenuate
BTEX. In addition, this model for an O,-
diffusion-limited aquifer may not be
anaerobic, but may represent stable, slowly
degrading aerobic plumes. The anaerobic
biotransformation potential of BTEX was
also determined in microcosms prepared
with subsoil or groundwater amended with
NO,, Fe*', SO,?, or no EA. Groundwater
from the “aerobic” and “‘anaerobic” por-
tions of one site plume showed losses in
BTEX, but no correlation existed between
the presence of reduced EA and biodegra-
dation. Anaerobic slurries of subsoil from
another site showed significant BTEX de-
clines, but reduced gases (CH,, H,S. H,)
were not formed. In these microcosms,
however, high concentrations of soil-bound
(not dissolved) Fe** formed. suggesting that
Fe*' may have been a predominant anaero-
bic EA. Qur data indicate that the presumed
consumption/reduction of anaerobic EA
may not always be coupled to BTEX losses
in groundwater plumes. Finally, these re-
sults suggest a more critical evaluation of
natural attenuation in aquifers is needed

Houston Geological Society

regarding O, transport mechanisms and the
extent of anaerobic BTEX biodegradation.
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