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2-Bromoethanesulfonic acid (BESA) and 2-chloroethanesulfonic acid (CESA)
have been reported to be potent inhibitors of methane formation during methano-
genic decomposition in batch cultures. However, in a laboratory-scale continu-
ous-flow methanogenic fixed-film column containing a predominance of acetate-
decarboxylating methanogens, BESA at 6 x 10-4 M produced only a 41%
inhibition of acetate utilization, and CESA at 5.4 x 10-4 M produced a 37%
inhibition of acetate utilization. BESA and CESA concentrations were not
monitored in the effluent, so their fate is unknown. The organisms in the column
were capable of degrading trace halogenated aliphatic compounds (-30 ,ug/liter)
with acetate (100 mg/liter) as the primary substrate. Previous exposure of the cells
to halogenated organic compounds may have conferred resistance to BESA and
CESA. Degradation of the inhibitor compounds is another possible explanation
for the observed effects.

As structural analogs of coenzyme M (2-mer-
captoethanesulfonic acid), 2-bromoethanesul-
fonic acid (BESA) and 2-chloroethanesulfonic
acid (CESA) have been reported to competitive-
ly inhibit the methyl transfer reaction at the
terminal reductive step during methane forma-
tion in methanogens using H2 and CO2 (2). A
50% inhibition of methyl reductase was ob-
served with 10-6 M BESA and 10-5 M CESA.
BESA has also been shown to inhibit methane
formation by an acetate-decarboxylating, non-
hydrogen-oxidizing methane bacterium (7, 8). At
a concentration of 5 x 10-7 M BESA, methane
formation by the acetate-cleaving organism at-
tained only one-half of its normal rate. Nearly
complete inhibition of methane formation oc-
curred at 10-5 M BESA. BESA was used by
Healy et al. (3) to inhibit gas production and
enhance the buildup of organic intermediates in
batch cultures of a mixed culture of bacteria
capable of degrading ferulic acid at a concentra-
tion of 1,000 mg/liter to methane and carbon
dioxide under strict anaerobic conditions. Par-
tial inhibition of methane formation occurred at
10-7 to 10-5 M BESA, and 10-3 M BESA
completely stopped methane production. Orem-
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land (5) found that addition of BESA (_10-3 M)
completely inhibited methane and ethane evolu-
tion in anaerobic sediments incubated under
batch conditions. These findings were obtained
from batch studies and indicate that very low
concentrations of BESA and CESA can block
the pathway of methane formation. In contrast,
we report here that concentrations of BESA or
CESA of 1 x 10-4 to 6 x 10-4 M only partially
inhibited the activity of methanogens using ace-
tate in a continuous-flow methanogenic fixed-
film reactor.
A continuous-flow, laboratory-scale column

system with anaerobic fixed-film bacteria was
used to study the transformations of one- and
two-carbon halogenated aliphatic compounds
(chloroform, bromodichloromethane, dibro-
mochloromethane, bromoform, carbon tetrachlo-
ride, 1,2-dichloroethane, 1,1,1-trichloroethane,
and tetrachloroethylene) at low concentrations
(-30 ,tg/liter) with acetate (100 mg/liter) as the
primary substrate (1). Nearly complete degrada-
tion of the trace halogenated aliphatic com-
pounds occurred in this methanogenic column.
Chloroform, carbon tetrachloride, and 1,2-di-
chloroethane were almost completely oxidized
to C02, confirming removal by biooxidation.
CO2 was the only electron acceptor available
(02, N03-, and S042- were not present in the
feed), so an enrichment culture of methanogens
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capable of using acetate developed in the col-
umn. Epifluorescence and scanning electron mi-
croscopy indicated a predominance of one orga-

nism that resembled the acetate-decarboxylating
methanogen Methanothrix soehngenii as de-
scribed by Zehnder et al. (8).

In an effort to determine whether acetate-
decarboxylating methanogens were responsible
for the transformation of the halogenated ali-
phatic compounds, BESA and CESA (Aldrich
Chemical Co.) were added to the influent of the
methanogenic column at concentrations be-
tween 1 x 10-4 and 6 x 10-4 M to inhibit the
activity of methanogens and block the utilization
of acetate to test the effect on biodegradation of
the halogenated compounds. The application of
each concentration level of BESA or CESA to
the continuous-flow methanogenic column was

maintained for 3 weeks. BESA and CESA at the
concentrations used reduced acetate utilization
by a maximum of 41% (Table 1). The radioactiv-
ity in the effluent was composed of nondegraded
acetate and CO2. The acetate radioisotope was

labeled only on the carboxyl carbon, so meth-
anogenic decomposition yielded only 14CO2 and
no radioactive methane (8). The extent of re-

moval of the halogenated aliphatic compounds
was not affected. Gas production was observed
at all concentrations of BESA and CESA used.
Less than 0.5 ml of gas was produced each day,
so that gas composition was not determined.
BESA or CESA addition at concentrations
greater than 6 x 10-4 M (125 mg/liter) was not
administered.
These results show that concentrations of

BESA and CESA that have been reported to
significantly inhibit methane formation in batch
cultures caused only partial inhibition of acetate
utilization in the continuous-flow methanogenic
column. The active bacterial concentration was

estimated to be 0.05 mg of cells per ml of liquid,
or a total of 2.3 mg of cells within the column.
This estimate was computed by assuming a

growth yield of 0.035 g of cells per g of acetate
(4), a first-order endogenous decay coefficient of
0.03 day-1 (4), and an acetate loading rate of 2
mg/day. The substrate and organism concentra-
tions in the methanogenic column system were

much lower than those typically reported in
batch experiments, for which BESA or CESA
was a powerful inhibitor of methanogenesis. The
column system was operated as a plug flow
reactor, so the toxicity response to the BESA or

CESA should have been similar to that of a

batch system. The small amount of gas produced
provided little mixing. A thin biofilm (one or two
cells deep) developed on the glass beads, so

mass transfer limitation with these inhibitory
compounds was not a likely explanation for the
limited inhibition of methanogenesis in the col-

TABLE 1. Removal of acetate in a methanogenic
fixed-film column in the presence of BESA or CESA

Effluent Actat Inhibition
Inhibitor IInhibitor acetate removala of acetate

concn (M) concn (%) utilization
(mg/liter) ( ) (%)

BESA ob 37 ± 2 63 ± 3 0
1 X 10-4 38 ± 2 62 ± 3 2
6 x 10-4 63 ± 3 37 ± 4 41

CESA 5.4 x 10-4 60 ± 3 40 ± 4 37

a The influent acetate concentration was 100 ± 5
mg/liter.

b Steady-state condition before the addition of
BESA or CESA to the methanogenic column influent.

umn. A thin biofilm was the result of low organic
loading and a low bacterial growth yield under
anaerobic conditions.
Smith and Mah (6) found that a single expo-

sure of Methanosarcina sp. strain 227 to 24 ,uM
BESA was sufficient to produce cultures resist-
ant to 240 ,M BESA. Hence, a possible expla-
nation for the partial inhibition of acetate utiliza-
tion when the inhibitor compounds were
administered to the column was that previous
exposure of the methane bacteria to low concen-
trations of halogenated aliphatic compounds re-
sulted in a greater tolerance to BESA or CESA.
Because the organisms in the column were capa-
ble of degrading trace chlorinated aliphatic com-
pounds to mineralized end products, another
possibility was that BESA or CESA was degrad-
ed in the column. BESA and CESA concentra-
tions were not monitored in the effluent, so their
fate in unknown. Bromide concentrations in the
effluent, measured with a bromide-specific elec-
trode, were below detectable levels (<0.1
mg/liter) both before and during BESA applica-
tion. This indicated that degradation of the in-
hibitor compound to mineralized end products
was unlikely. However, transformation of
BESA to other brominated organic intermedi-
ates cannot be ruled out. A single transformation
may have been sufficient to eliminate the inhibi-
tory effects ofBESA and CESA on methanogen-
ic activity.

In summary, concentrations of BESA or
CESA in the range of 1 x 10-4 to 6 x 10-4 M
caused only partial inhibition of the activity of
methanogens using acetate at a concentration of
100 mg/liter in a continuous-flow methanogenic
fixed-film column operated with a 2-day actual
detention time. These concentrations of BESA
or CESA have been reported to cause nearly
complete inhibition of methanogenic activity un-
der batch conditions (2, 7) with significantly
higher substrate and organism concentrations
than used here. Trace halogenated aliphatic
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compounds were almost completely degraded in
the methanogenic column, so previous exposure
of the cells to these compounds may have con-
ferred resistance to BESA and CESA. There-
fore, caution must be exercised when using
BESA or CESA to bring about inhibition of
methanogens in a continuous-flow operation,
especially if the organisms have been previously
exposed to halogenated organic compounds, to
ensure that high enough concentrations are used
and that the extent of inhibition is closely moni-
tored.
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