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Abstract: Ozonation was investigated as a potential post-treatment step for biologically treated landfill
leachate to enhance the biodegradability and observe the influence of the initial organic matter
concentration and pH. Changes in COD, UV absorption at 254 nm (UVA254) and BOD content were
measured during and after ozonation, and the ozone utilisation efficiency at different conditions was
calculated. The initial COD concentration was found to influence the absolute removal of UVA254

significantly, but especially changes in pH influenced the ozone reactions. Increased pH (pH 10) most
probably increased the overall hydroxyl radical production leading to a higher COD removal and a
much better ozone utilisation compared to lower pH. This in contrast to initial COD variations which
had little influence on the determined ozone utilisation. Regardless of initial COD content or pH, on
average 10 % of the initial COD content was converted to BOD, next to 10% COD that was removed.
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Introduction
For the treatment of landfill leachate, advanced oxidation processes (AOPs) have
already shown to be a valuable addition to conventional treatment techniques as e.g.
biological treatment or activated carbon filtration (Abbas et al., 2009, Cortez et al.,
2010 and Chys et al., 2013 in preparation). Especially ozonation shows promising
results by converting recalcitrant compounds into smaller and more biodegradable
components. The characteristic fluctuation of the load and type of organic matter
present in landfill leachate can be considered as a main parameter influencing the
ozonation process. Organic matter significantly impacts the process performance as it
directly reacts with produced hydroxyl radicals and ozone itself. Next to the organic
matter content, ozone reaction pathways (and formation/consumption of hydroxyl
radicals) are directly influenced by the occurring pH.

Much information is already available on ozonation of low loaded water streams (e.g.
secondary WWTP effluent (Audenaert et al. 2013)). Information (e.g. on the influence
of organic load and pH) on ozonation of high loaded water streams, especially for
landfill leachate, is still rather scarce. Getting this information is, however, essential
for optimization of this technique and to ensure a successful implementation in the
overall treatment train.

Material and Methods
Leachate was collected at the landfill site of IMOG (Moen, Belgium). The collected
leachate was already biologically treated in a sequencing batch reactor (SBR),
resulting in a remaining BOD of approximately 50 mg O2 L-1, but still containing a
high COD load of 700-2000 mg O2 L-1.

Ozonation experiments were conducted in a lab-scale batch reactor of 10 L
(Audenaert et al., 2013). At regular time-intervals, samples were taken to account for
different applied ozone doses. The latter determined by mass balance calculation of
ozone in the gas phase. The gas flow rate was fixed at 1000 mL min-1. The effect of
initial pH (by adding NaOH or H2SO4) as well as the effect of initial organic matter



content (by dilution with deionized water) was investigated based on COD, BOD and
UV-VIS measurements. The ozone utililization efficiency, expressed as mg COD
removed per mg of O3 consumed, was calculated from both the O3 concentrations in
the gaseous and liquid phase.

Results and Conclusions
Absolute reduction of UVA254, being characteristic for the presence of aromatic
moieties, is depicted in Figure 1 for both variation in organic matter content (initial
COD) and pH. It can be clearly seen that variations in pH have less influence on the
absolute removal of UVA254 absorbance compared to changes in COD content.
However, if the results are compared based on absolute COD removal (Figure 2), it
can be clearly seen that pH 10 leads to a significant rise of the overall COD removal.
This increased removal is most likely induced by an enhanced HO* production. These
radicals are less selective to aromatic moieties compared to ozone. For variations in
UVA254, due to changes in initial pH, a smaller difference was observed between the
different curves respectively to their initial pH (not shown).

Comparing the ozone utilisation in every situation after 60 minutes of ozonation
shows a similar trend. For variations in initial organic matter content (Figure 3), a
small increase in ozone utilisation can be observed with an increasing initial COD
content. This seems logic as a higher COD content leads to more components that can
show a higher reactivity towards ozone. Nevertheless, a small decrease was observed
for the highest initial COD compared to the second highest. As dilution has been used
to simulate different COD concentrations, scavenging properties of the medium can
interfere (to a lower extent) with the expected results. If the pH is changed to a value
of 10, however, a significant increase in ozone utilisation was observed compared to
the other situations (Figure 4). A reduction of HO* scavengers (e.g. carbonates) can be
one of the reasons for the increase in COD removal with an elevated pH as discussed
above.

If the BOD value after 60 minutes of ozonation is compared to the initial COD a
remarkable trend is observed (Figure 5). Regardless of initial COD or starting pH, the
BOD production equals approximately 10% of the initial COD. Additionally, about
10% of the COD was removed (data not shown). This BOD production did not only
show the applicability of ozonation for increasing the biodegradability in an overall
treatment train that includes biological treatment.

Overall, it can be concluded that promising COD and UVA254 removal was observed
(especially at pH 10) and that about 10% of the initial COD could be transformed to
BOD. As such, ozonation could be implemented after a biological treatment step and
the implementation of a recirculation loop is worth investigating.
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Figure 1: Absolute UVA254 reduction as a function of initial COD and pH in time

Figure 2: Absolute COD removal as a function of initial COD and pH in time

Figure 3: Ozone utilisation as a function of the initial COD concentration at natural leachate pH (pH
8.4)
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Figure 4: Ozone utilisation as a function of initial pH

Figure 5: BOD production compared to the initial COD concentration
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