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Abstract

Hydrocarbons like BTEX compounds entering the soil-water system through anthropogenic
activities can be long lasting sources of pollution, and thus, it is essential to look for
remediation options that are environmentally benign. Bioremediation is a promising cost
effective technique causing no harm to the contaminated ecosystem as compared to the
traditional physicochemical methods. Natural microbes degrade contaminants from polluted
soil water resources in bioremediation; however this process of natural bioremediation is
quite slow under prevailing environmental conditions of a typical polluted site. So, in order
to enhance the degradation rate, engineered bioremediation is practiced by addition of seeded
cultures and/or nutrients, popularly known as bioaugmentation and biostimulation. Another
key role in the success of bioremediation application is played by various site specific
environmental conditions like temperature, moisture content, and oxygen availability.
Research has also proven that plants play an important role when it comes to accelerate the
degradation rate cost-effectively in enhanced bioremediation technique. Therefore, the main
focus of this study is to investigate the most effective feasible way of bioremediating the
BTEX contaminated soil water using the biostimulation and bioaugmentation techniques,
separately and in-combine using locally available domestic wastewater and wetland plants
in mixed as well continuous laboratory setups.

To achieve this, the combined impact of temperature and soil water content on

biodegradation of toluene, the selected BTEX compound, was investigated first using two



sets of completely mixed batches with oversaturated and saturated soils at two temperature
extremes of 30° C and 10 °C under aerobic conditions. It was found that the rate of toluene
degradation was highest for oversaturated soil at 30 °C and lowest for saturated soil at 10
°C. Four different cases of bioremediation technique (bioremediation, biostimulation, plant-
enhanced biostimulation and bioaugmentataion) were experimentally investigated then for
decontaminating toluene polluted groundwater using completely mixed microcosms.
Natural biodegradation of toluene was studied first under different varying substrate
concentrations at room temperature (21.6 +£0.30 °C). Biostimulation was studied by mixing
the polluted groundwater with a primary treated domestic wastewater for providing nutrients
and other supplementary components to the native microbial population. Two pot-scale
wetlands, one with and another without presence of toluene, having plants of Canna genralis
and locally available domestic wastewater were used to study 3rd and 4th cases. The wetland
system in presence of toluene was used here for developing the pre-grown microbial cultures
to degrade toluene. The plant-assisted biostimulation, the third case, was studied by adding
the polluted groundwater with the root-zone water of the wetland system developed without
the presence of toluene. In the fourth case, the biostimulation was coupled with the bio
augmentation strategy by mixing the groundwater with the root-zone water of the wetland
system developed in presence of toluene. A comparative account of these four different
bioremediation techniques was prepared for their respective rates of biodegradation, duration
of lag phases, and the total time of degradation. It was observed that both the plant-assisted
bioremediation techniques had better performance over simple biodegradation and

biostimulation methods.
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Subsequently, treatment wetlands with and without shoot biomass of Canna
Generalis along with unplanted gravel bed were used to quantify the toluene uptake by the
plants under controlled conditions. The residual concentration of the selected BTEX
compound in the rhizosphere water was measured over the entire period of the experiment
along with the water lost by evapotranspiration. The rate of biodegradation in all wetland
mesocosms fitted best with the first order kinetics. The total removal time of the BTEX
compound was found to be highest in the unplanted gravel bed mesocosm followed by
wetlands without and with shoot biomass. The cumulative uptake of toluene in shoot
biomass of the wetland plants initially increased rapidly and started to decrease subsequently
till it reached a peak value. Continuity equations integrated with biodegradation and plant
uptake sink terms were used to simulate residual concentration of toluene in rhizospheric
water for comparison with the measured data of the experiments.

Thereafter, the results of the microcosm experiments were then used to investigate
the fate and transport of dissolved toluene from a source zone to down-gradient receptors in
a continuous soil-water plant system. For this, two sets of large scale column experiments
were performed by connecting them with a treatment wetland having canna plants in one set
and unplanted gravel bed in the second set. A continuous source of toluene contaminated
water was supplied at the top of the column setups. A constant groundwater flow velocity of
0.625 cm/hr was maintained in the vertical direction. Free drainage was allowed at the
bottom and a constant hydraulic head of 2.0 cm was maintained at the top boundary
throughout the period of the experiments in both the cases. The observed microbial colonies
using the plate counting method along with measured dissolved oxygen (DO) proved that

the BTEX compound degraded aerobically at faster rate in the second set. Here again, plants



Vi

played positive role in enhancing biodegradation rate of the BTEX compound during its
transport through the porous media. Finally the observed data of the column experiments
were compared with the breakthrough curves obtained numerically solving the advection
dispersion equation. The results of this research can be used to frame in-situ plant-assisted

bioremediation techniques for hydrocarbon contaminated soil-water resources.
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