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This study was aimed to identify the current contamination level at open solid waste dumpsites in Sri Lanka and
development of site specific permeable reactive barrier (PRB), which is one of the highest applicable treatment method
used to treat groundwater in-situ. First an open solid waste dumpsite located at Sri Lanka was monitored to identify the
temporal variability of perched water and groundwater quality. This dumpsite has two sections with respect to the age of
the waste dumping. The one section of the dumpsite (Old section), has been used for the 7 years and quit the operation,
then moved to the other section (New section) for dumping waste for 6 months. The perched water from the new section
of the dumpsite identified as a highly contaminated solution; the BOD, COD, TN, TP, EC was exceeded their maximum
permissible levels. Heavy metals, such as Pb, Cd, Cu, Zn, Cr etc was observed both in perched water and groundwater
at the dumpsite. The LPI index, which used to describe the pollution potential, greatly fluctuated with the time for the
water quality analyzed for the perched water, whereas less fluctuations were observed for groundwater. The level of
pollution was greatly reduced with the aging of the dumpsite. Further, was a slight negative correlation was observed
between rainfall and perched water quality and strong positive correlation was developed between major equivalent
cations/anions and EC of the perched water.

As the next step, a two-dimensional groundwater model has been used to simulate the heavy metal transport in
an aquifer at solid waste dumpsite and to estimate the effectiveness of PRB on trap heavy metals. The potential
contaminants were selected as Cd and Pb based on the research part 1. The numerical simulations well captured the

wash-out process of heavy metals from the pollutant source and the time period needed to have of full wash-out was



highly dependent on the hydraulic gradient, pollution load, distribution coefficient and the way of waste dumping (direct
dumping/buried waste dumping). The virtual PRB installed at the downstream, was able to well trapped the target
metals and reduce the heavy metal concentrations less than the effluent water quality standards.

As the third part of the research, series of laboratory experiments were conducted to evaluate the applicability of
some low cost and locally available materials collected from Sri Lanka to use as PRB filling materials. The potential
contaminants were selected as Cd and Pb based on the research part 1. Mixtures of alluvial loamy soil, coconut
shell biochar, and laterite clay brick mixed in different proportions were tested for their effectiveness as PRB filling
materials. Results showed that the Langmuir model performed well for fitting Cd and Pb adsorption isotherms and
maximum adsorption capacities for Pb became higher than those for Cd. Further, the three mixed materials resulted
in a low dependency of pH and ionic strength in the adsorption of both metals. In the multiple trace element solution,
the existence of other metals had a significant effect on Cd adsorption but less on Pb adsorption. All tested adsorbents
showed low leaching of adsorbed metals (Cd and Pb) by resulting high hysteresis indices in desorption studies. The
hydraulic conductivities (Ks) of the tested adsorbents under different compaction levels were measured to examine a
suitable packing condition for the PRB system. The inclusion of brick was effective to improve the hydraulic property
and measured Ks values for 75% brick materials gave results of >10* cm/s at high compaction levels (Dr = 90% and
100%). The tested adsorbents (three mixed materials) are strongly recommended as PRB filling materials to treat
groundwater contaminated with landfill leachate based on their reactivity and hydraulic properties.

In the final step of the research the long term applicability of selected PRB materials were tested by conducting series
of column study. The column filled materials (Soil 12.5% + Biochar 12.5% + Brick 75%) were selected based on the
research part 3 and the potential contaminants were selected as Cd based on the research part 1. The effectiveness was
evaluated at two initial Cd concentrations as 30 and 300 ppm. At the same time Br was flowed together with Cd as a
non- reactive contaminant. The removal efficiency (R%) was highly depended on the initial Cd concentration; at C,=
300 ppm the R% reached 90% at the beginning and gradually reduced with the time while at C°= 30 ppm the R%,
reached almost 100% throughout the tested duration. Cd and Br behaved differently; no adsorption of Br- was observed
onto the PRB filling materials. The hydraulic conductivity (Ks) of tested materials were obtained at different EC to
observe the hydraulic properties of the tested materials. Results showed that a linear correlation between Ks and EC.

The hydraulic conductivity of the filling material was drastically reduced at low EC.
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