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Abstract

The main objective of this study is to demonstrate the application of carbofuran
degrader Burkholderia cepacia PCL3 in remediation of carbofuran contaminated water
and soil. The experiments were divided into 4 parts. In part (1), the performance of
Sequencing Batch Reactors (SBRs) augmented with immobilized PCL3 on corncob for
biodegradation of carbofuran in Basal Salt Medium (BSM) was studied. The effect of
Hydraulic Retention Time (HRT) (14-6 d) on carbofuran degradation efficiency was
investigated at a carbofuran concentration in the feed medium of 20 mg I"*. The shortest
HRT of 8 d resulted in complete degradation of carbofuran. At 75% of the optimum HRT
(6 d), the effects of biostimulation using carbon sources, i.e. molasses and cassava pulp
and nitrogen sources, i.e. rice bran and spent yeast as well as the effect of carbofuran
concentration in the feed medium (20-80 mg I"*) were investigated. The optimum
conditions for SBRs were achieved with an initial carbofuran concentration of 40 mg I"*
by using 0.1 g I"* of rice bran as a biostimulated amendment. The carbofuran degradation
efficiency of SBR at the optimum conditions was 100% with a k; value and t;, of 0.044
h™ and 15.57 h, respectively.

In part (2), the effectiveness of bioremediation technology in the removal of
carbofuran from contaminated soil using a bioslurry phase sequencing batch reactor
(SBR) was investigated. A 2-L laboratory glass bottle was used as a bioreactor with a
working volume of 1.5 L. The carbofuran concentration in the soil was 20 mg kg™ soil.
One total cycle period of the SBR was comprised of 1 h of fill phase, 82 h of react phase,
and 1 h of decant phase. Immobilized PCL3 on corncob was used as the inoculum. The
results revealed that bioaugmentation treatment (addition of PCL3) gave the highest
percentage of carbofuran removal (96.97%), followed by bioaugmentation together with
biostimulation (addition of molasses) treatment (88.23%). Abiotic experiments, i.e.
autoclaved soil slurry with corncob and no PCL3 treatment and autoclaved soil slurry
with no PCL3 treatment, could adsorb 31.86% and 7.70% of carbofuran, respectively,

which implied that soil and corncob could act as sorbents for the removal of carbofuran.



In part (3), the small-scale field studies of in situ bioaugmentation by using free and
immobilized PCL3 on corncob were conducted in the plots with a dimension of 1 m x
1.25 m x 0.20 m. In the soil with the presence of only indigenous microorganisms, the
degradation of carbofuran was slow with the long t;, of 127 d. Bioaugmented the soil
with immobilized PCL3 could shorten the t;, of carbofuran in soil to be 16 d. The
significant longer t;, of 28 d in soil was observed when the free cells of PCL3 were used
in comparison to immobilized cells which suggested that bioaugmentation of carbofuran
by using PCL3 in free cell form might not applicable. Growth and survival of carbofuran
degraders in soil and in support materials were examined and the results indicated that the
efficiency of carbofuran degradation directly correlated with the number of introduced
carbofuran degrader surviving in the system.

In part (4), the luxAB-mutant of PCL3:luxAB1 was constructed with the capability to
emit the luminescence signal of 1.6x10° RLU cfu™. The mutant has the growth pattern
and carbofuran degradation ability similar to PCL3 wild-type. The luminescent emission
by PCL3:luxABL1 is directly in correlation with the metabolic activity of the cells in which
the exponential growth cells gave 100-fold higher value of light output in comparison to
the cell in stationary phase. The optimal pH, temperature and n-decanal concentration on
luminescence emission are 7.0, 35 °C and 0.01%, respectively. With the luciferase
system, the degradative fraction of the augmented PCL3:luxAB1 and the difference
between the active augmented PCL3:luxAB1 and indigenous microorganisms at the

contaminated site could be indicated.
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