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Abstract

The replacement of the secondary clarifier with membrané filtration technology was
explored as possible solution to accommodate increased loading rates in existing enhanced
biological phosphorus removal (EBPR) plants. The present research study aimed to ﬁnderstand
the impact of membrane solids-liquid separation on bioreactor performance, by (1) comparing a
membrane and conventional EBPR process operated in parallel, and by (2) assessing the
potential of membrane processes to perform EBPR satisfactorily under challenging operating
conditions. |

The utilization of membrane technology resulted in an overall reduced denitrification
" activity and a reduced 0b§erved sludge yield in the membrane process, due to the larger mass of
aerobic sludge held in the system. The kinetics of phosphbrus release and uptake, to;gether with
the stoichiometric coefficients, were intrinsically unaffected by the presence of membrane
filtration. On the other hand, the maximum spéciﬁc nitrification activity in the membrane sludge
was significantly lower than that of the reference conventional sludge, possibly due to more
extensive decay of nitrifiers originating from the high shear conditions that prevail in submerged
membrane bioreactors. Using ribosomal intergenic spacer analysis, the bacterial community
composition of the membrane process was found to be signiﬁcarﬁly different and less diverse
than that of the corresponding conventional system, indicating that membrane solids-liquid
separation per se is sufficient to shift the dynamics and composition of the microbial population.
A last fundamental difference brought about by fhe employment of membrane filtration was the
regular formation of a signiﬁcaﬁt amount of foam on the surface of the anoxic bioreactor zone.

With éufﬁéient volatile fatty acids (VFA) concentrations in the influent, the membrane-
assisted prOCess could maintain satisfactofy nitrification and phosphorus removal perfovrma_mce

under high rate conditions, with the lowest hydraulic retention time (HRT) tested being five

il



hours. A low phosphdrus concentration iﬁ the effluent could be‘ maintained when the solids
retention time (SRT) of the process was extended from 12 to 20 days. However, this r¢sulted in -
increased VFA utilization per unit mass of phosphorus removed, with the SRT having a
significantly larger impact than the HRT. An innovative and sustainable membrane-assisted

process was proposed with phosphorus removal and recovery merged in one single system.
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during the comparative study. Characteristic bands, based on indicator species
analysis, for the MEBPR (4) and CEBPR (¥) system are indicated.

P removal and bacterial community dynamics in treatment systems during
comparative phase of study. (a) P removal from the two systems calculated by
using the effluent soluble P concentration. (b) Similarity index between the
two communities at each given time during the comparative study. (c)
Similarity index of the community within the system by comparing each
sample with that collected at time zero.
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PCA of the RISA fingerprints obtained from MEBPR and CEBPR samples
during Transition I (sample 1 to 5) and Transition II (sample S to 9). A total
of 39 % of the total variance in the data set was explained by the first two
axes (axis 1 = 20%; axis 2 = 19 %). Numbers indicate the day when each
sample was collected, as reported in Table 5.1.

RISA fingerprints of the CEBPR (C) and MEBPR (M) samples collected
during (a) Transition I and (b) Transition II. MEBPR bands increasing (A)
and decreasing (2) in the sludge are marked Band designations correspond to
those in Figure 5.6.

P removal and bacterial community dynamics in treatment systems during the
two transition periods. (a) P removal from the two systems calculated by
using the effluent soluble P concentration. (b) Similarity index between the
two communities at each time during Transition I. (c) Similarity index of the
communities within the systems calculated by comparing each sample with
that from the same system collected at time zero.

Experimental design followed for operating periods I-IV.
Schematic of the MEBPR process used in this study.

(a) TSS profiles in the reactor and (b) TSS inventory in each compartment
over the investigated periods.

COD mass balances for the MEBPR systems over the four periods. Denit:
denitrification; O,: oxygen utilization; Waste: waste activated sludge; Effl:
effluent flow; Unac: unaccounted for.

Time series of influent and effluent total COD over the entire duration of the
study.

Distribution of total and soluble influent COD (above) and effluent COD data
(bottom) during each experimental period.

Observed sludge yield in the MEBPR process during each experimental
period.

N mass balances for the MEBPR systems over the four periods. Denit:
denitrification; Waste: waste activated sludge; Effl: effluent flow; Unac:
unaccounted for.

Time series of influent TKN, effluent NH;-N and TN over the entire duration
of the study.

Distribution of influent TKN data and effluent NOx-N and TN data during
each experimental period.

(a) Total phosphorus (TP) in the influent and orthophosphate phosphorus
(PO4-P) in the MEBPR effluent Side A, and (b) Side B. The dash line -
represents the VFA to TP ratio prevailing in the incoming wastewater.

Distribution of TP and PO4-P concentration data in the influent (above) and
MEBPR effluent (bottom) during satisfactory performance in the four
experimental periods.
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Anaerobic PO,-P release (ana), anoxic POs-P uptake (anx), and aerobic PO,-P
uptake (aer), during optimal P removal periods in each of the four
experimental runs.

(a) Mass of PO4-P released to VFA consumed in the anaerobic zone, and (b)
mass of VFA utilized in the influent per unit of PO4-P removed.

Picture of the membrane (left) and conventional (right) anoxic surface
representing a typical situation of foaming in the two systems operated in
parallel under identical conditions.

Top: two measurements at different times of TSS in the three MEBPR reactor
zone, before and after the mixing of the foam layer. Bottom: sludge inventory

" of the system, including the foam compartment. a) day 140 and b) day 150.

Comparison of specific nitrogen (TKN) and phosphorus (P) content, and
VSS/TSS ratio of foam and mixed liquor.

Comparison of maximum specific nitrification rates between foam and
aerobic mixed liquor in eight batch tests. Average value with 95% confidence
interval is reported in the first column. ’

Comparison of the maximum specific P release rate between the foam and the
aerobic mixed liquor.

Comparison of bacterial community composition in the mixed liquor (a) and
foam (b) according to RISA technique. Two bands appeared consistently
darker in the foam ( A) and one in the underlying mixed liquor (V).

Changing of the foam and mixed liquor bacterial community composition
based on the Pearson’s correlation coefficient before the re-seeding of the
process.

Evolution of foam production as a result of daily removal of foam from the
system.

(a) Steady-state production and (b) suspended solids percentage of foam as a
function of the total solids-concentration factor (SRT/HRT).

The coupled MEBPR process with the on-line P-recovery unit.
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thesis, as described by the Faculty of Graduate Studies at The University of British Columbia, is
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results of the research program are presented in Chapters 2 through 7. Chapter 8 relates the
manuscript chapters to each others, outlines the engineering significance of the research work,
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