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ABSTRACT

Bacterial degradation of 4-chloro-2-methylphenoxyacetic acid (MCPA) was studied in column
reactors under conditions approximating a fluidized bed system, with granular activated carbon
(GAC) as a support matrix. A mixed bacterial culture of MCPA-degrading bacteria was used as
an inoculum to develop a biofilm on GAC. Initially, adsorption of MCPA by GAC and biofilm for-
mation on GAC were examined. MCPA degradation was evaluated with a batch and continuous
mode of operation of the GAC fixed-film column reactors. In the batch operations, complete deg-
radation of MCPA was achieved during the incubation period. Partial degradation of MCPA oc-
curred in the continuous operations and MCPA degradation was dependent on the feeding rate of

MCPA solution.

INTRODUCTION

4 - Chloro - 2 - methylphenoxyacetic acid (MC
PA) is extensively used as a broad-leaved weed
controller in cereal crops as well as grass land
(1). Disposal of MCPA and solutions from
cleaning of equipment may result in localized
land pollution and also pollution of water sup-
plies through direct contamination or leaching
from soil(2). MCPA is readily susceptible to the
microbiological degradation(3 - 5). The micro-
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biological degradation of MCPA has been dem-
onstrated in several soil and laboratory studies
(6-8).

In our previous work, we derived mixed bac-
terial cultures from a rice field. The cultures
were initially selected for MCPA as the sole
substrate and some of the test cultures were
able to degrade MCPA under aerobic condi-
tions(8). GAC has been previously used as a
solid support matrix for fixed-film applications
to provide high cell density systems for the
biodegradation of aromatic compounds(9-13).
In this study, a biodegradative fixed-film pro-
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cess was investigated for the treatment of
MCPA-containing waste solutions in a bench-
scale column reactor with GAC as the solid
support matrix for bacterial immobilization.

MATERIALS AND METHODS

Bacterial culture and growth conditions

The test culture SM1 of MCPA-degrading
bacteria was derived from a soil sample which
was enriched with MCPA as a sole source of
carbon and energy. The medium contained
(per liter)(14); 0.5 g (NH,),50,, 0.5 g K.HPO,,
05 g MgSO, - 7H,0, 10 mg FeCl; - 6H0, 0.1
mg CaCl, - 2H,0, 0.1 mg MnCl,, 0.01 mg ZnSO,
and 500-2,000 mg MCPA. The medium was
adjusted to pH 7.0 with NaOH before autoclav-
ing. The culture was grown in shake flasks at
160 rpm and at 24°C. Isolates, capable of
utilizing MCPA as a sole carbon and energy,
were derived from the test culture with MCPA
-containing solid media. The isolates were
Gram-negative and rod-shaped. Diagnostic test-
ing with API Rapid NFT strips and fatty acid
profiles keyed the isolates to Pseudomonas aeru-
ginosa, Alcaligenes, and Flavobacterium spp. Con-
firmatory taxonomic work was not within the
scope of this study.

Operation of column reactor

The column reactor design was based on a
glass column (internal radius 40 mm x height
330 mm) with inlets for fresh medium and air at
the bottom. The total volumn of the column was
180 mL. The working volume of the column was
150 mL for batch mode and 180 mL for continu-
ous, respectively. The outlets for effluent and ex-
haust air were at the top of the column. The reac-
tor was aerated at 120 mL/min, and operated at
24°C. During the continuous flow mode, the flow
rates of fresh media were regulated with a peri-
staltic pump shown in Fig. 1.

Adsorption and biofim development by GAC
GAC was obtained from the Samchully In-
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Fig. 1. Schematic diagram of bench-scale fixed-
film column reactor. P:peristaltic pump,
FM :flow meter, AF :air filter.

dustrial Co. (size distribution 450-920 m).
Adsorption of MCPA by GAC was estimated
in a column reactor which contained 20 mg of
the activated carbon in a total of 150 mL. The
MCPA medium (500 mg/L) was continuously
pumped through the column reactor. After
adsorption/desorption equilibrium in GAC was
established, the column reactor was inoculated
with bacteria previously grown with 500 mg
MCPA/L. Scanning electron microscopy (SEM)
was used to examine the bacterial immobili-
zation on GAC. Samples of GAC were mount-
ed on aluminum stubs. After drying and gold

coating, the samples were examined using a
SEM (Joel) at 25 kV.

Analytical methods

UV-spectrophotometer was used for the de-
termination of maximum peak of adsorption of
279 nm for MCPA. Standard stock solutions of
MCPA were prepared by adding 0.1 g of ana-
lytical grade compound of interest to a 100
mL volumetric flask containing 10 mL of 0.5
N NaOH. When dissolved completely, the vol-
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ume was made up with double-distilled water.
The standards were prepared by pipetting 50,
25, 10, 5, 25, 1 and 0.5 mL aliquots of the
stock solution into separate 100 mL volumetric
flasks, and making to the volume with double
distilled water. Samples of bacterial cultures
were centrifuged at 6000 x g for 15 minute
(4°C) before dilution with double distilled water.
The UV spectra were recorded from 320 to 230
nm with a Jasco spectrophotometer.

RESULTS AND DISCUSSION

The test culture SM1 used in this study was
originally enriched with MCPA as a sole source
of carbon under aerobic conditions(8). The cul-
ture was used in subsequent studies to evalu-
ate MCPA degradation in fixed-film GAC col-
umn reactor. In intial experiments, the adsorption
of MCPA by GAC was determined by feeding
MCPA medium in continuous flow mode through
the column reactor before inoculation. MCPA
sorption by GAC was monitored by UV-spec-
trophotometer (A,,) and was determined to 3.
17 mg MCPA per mg of GAC. The equilibri-
um conditions were reached after about 270
hours of column operation at 0.52 mL/min.

A development of biofilm on GAC, with MCPA
as a sole carbon and energy source in the column
reactor, was observed (Fig. 2). Bacteria attached

Fig. 2. Scanning electron micrograph of GAC
after 168 hours of incubation.
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on GAC were coated with a continuous lay-
er of extracellular material which allowed micro-
bial attachment to the GAC surface as well as
other cells. The surface displayed a high de-
gree of porosity, typical of GAC which would
be shielded from shear forces, thereby provid-
ing a favorable environment for biofilm forma-
tion.

The degradation of MCPA in batch mode in
the column reactor containing GAC-immobi-
lized cells is shown in Fig. 3. Various concen-
trations of MCPA ranging from 500 to 2,000
mg/L were fed to the immobilized cells and de-
graded without a discernible lag period. MCPA
was degraded completely within 5 to 9 days of
contact time. In the batch mode, pH change of
the medium was monitored during the degrada-
tion of MCPA. The pH profile showed a good
agreement with HCl formation due to the
dechlorination reaction of MCPA, with final
pH 5.54 after 5 days of incubation. UV spec-
trometry showed the peak of maximum
absorption at 279 nm for MCPA (Fig. 4). The
test culture displayed no detectable spectral
changes or peak shifts in the UV-absorbance.

Residual MCPA (mg/L)

Days

Fig. 3. Degradation of MCPA in fixed-film
GAC-column reactor in a batch opera-
tion. The initial concentration of MCPA
was 500 (@), 1,000 (A), and 2,000 mg/L
().



Vol.11, No.5

1.560

Abs

9.6068
1.508

\
N ]

Abs d /\T'\_—'
i /1 ; z

Wavelength(nm)

Fig. 4. UV spectral scans of (A) a standard so-
lution containing 5, 10, 25, 50, 100, 250,
and 500 mg of MCPA per liter; and (B)
supernatants of culture samples. The
length of incubation preceding the scan
is indicated in days.

Fig. 5 shows the results of MCPA degrada-
tion in the continuous-flow column reactor.
The extent of MCPA degradation remained be-
tween 13% to 52% during continuous flow op-
eration of the fixed-film GAC-column. Although
complete degradation of MCPA was not a-
chieved, the fixed-film GAC-column reactor
was proved as a feasible approach for MCPA
treatment.

GAC has been used a matrix for fixed film ap-
plications to provide high cell density systems for
the biodegradation of phenolic and other xeno-
biotic compounds(9, 11, 15). In the present
work, adsorption/desorption equilibrium was ini-
tially established after several days of continu-
ous-flow operation in the absence of bacteria.
It took several days to reach equilibrium condi-
tions presumably because of slow diffusion
caused by the highly microporous interior struc-
ture of GAC. After equilibrium, initial coloniza-
tion upon inoculation and sebsequent formation
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Fig. 5. Changes in the concentration of MCPA
(@), % of MCPA degraded (O), depend-
ing on the feeding flow rate in a contin-
uous mode operation of the column re-
actor. The reactor was aerated at a rate
of 120 mL/m,

of a biofilm community were readily accom-
plished during the batch mode operation. Active
bacterial degradation of MCPA took place in
batch mode operation but scanning electron mi-
croscopic examination of the particles indicated
the lack of bacterial colonization(16). The pres-
ent study demonstrated a feasibility of biologi-
cal treatment of MCPA in solutions. A mixed
culture approach was essential for this objec-
tive, because a pure culture approach would be
questionable relevance for environmental treat-
ment applications where aseptic conditions and
proper selection pressure for pure culture can-
not be maintained.
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