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An Investigation of the Biochemistry of Biological Phosphorus Removal Systems

Zeynep Kisoglu Erdal

(ABSTRACT)

Although enhanced biological phosphorus removal (EBPR) and complete biological

nutrient removal (BNR) systems can be operated successfully by experienced operators,

the accuracy of design and strength of the scientific background need to be reinforced to

enable accurate modeling and economically optimal design. One way to accomplish this

would be through a better understanding of the biochemical mechanisms and microbial

population dynamics that determine the reliability and efficiency of EBPR, and the

utilization of this information to improve the design and operation of BNR plants.  Such

knowledge will also contribute to better structure of modeling tools that are used for

design and educational purposes.  The current body of knowledge is limited to

observational studies that lack detailed biochemical explanations backed with a series of

well planned experiments, and this has introduced uncertainties and inaccuracies into the

biochemical and design models. Therefore, this study mainly covers a biochemical

survey of the underlying metabolisms of active populations in BNR sludges.  BNR

biomass with biological phosphorus removal (BPR) capability was cultivated in

continuous flow reactor (CFR) systems, configured as either University of Cape Town

(UCT) and anoxic/oxic (A/O) systems.  Following an acclimation period at 20°C, low

temperature stress (5°C) was imposed on one UCT system for investigation of the

response of the microbial consortium responsible from EBPR activity under cold

temperature.  Once a stable population with EBPR capabilities is established in each

system, activities of ten enzymes that are hypothesized to be taking part in the EBPR

metabolism were measured. These enzymes were selected among those that take part in

major known pathways of bacterial energy and growth metabolism. Also, 13C-NMR was

used as a tool to monitor the flux of labeled carbon in and out of pools of cellular storage;

i.e. glycogen and polyhydroxyalkanoates (PHA).  Combining the gathered information,
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accurate mass balances of carbons and reducing equivalents were calculated, eventually

leading to determination of the biochemical pathways utilized by the EBPR consortium.

Additionally, anaerobic stabilization of COD, a long debated but empirically established

phenomenon, was addressed during the study.  Considering the pathways proposed to be

operative under different conditions imposed on the EBPR systems, a biochemical

explanation for the occurrence of COD stabilization in wastewater treatment systems that

incorporate anaerobic zones was proposed.  Accordingly, depending on the pathways

actively used by a microbial consortium, electrons stored in NADH and FADH2 can

either be transferred to the terminal electron acceptor, oxygen, or they can be

incorporated into storage polymers such as glycogen for future use. Such differences in

metabolism reflect in the quantity of the oxygen consumed in the aerobic reactors. Thus,

the correct incorporation of anaerobic stabilization of COD into process design would

reduce design aeration requirements and result in economic savings during both

construction and operation.
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NOMENCULATURE

A/O: anaerobic/oxic.

ATP: adenosine tri phosphate.

BOD: biochemical oxygen demand.

BNR: biological nutrient removal.

CoA or CoASH: coenzyme A.

COD: chemical oxygen demand.

DO: dissolved oxygen

EBPR: excess biological phosphorus removal

ED: Entner-Doudoroff.

EMP: Embden-Meyerhoff-Parnas.

FAD: flavin adenine dinucleotide, oxidized form.

FADH2: flavin adenine dinucleotide, reduced form.

GAO: glycogen accumulating organism.

MCRT: mean cell residence time.

MLSS: mixed liquor suspended solids.

MLVSS: mixed liquor volatile suspended solids.

NAD+: nicotinamide adenine dinucleotide, oxidized form.

NADH: nicotinamide adenine dinucleotide, reduced form.

NMR: nuclear magnetic resonance.

PAO: poly-phosphate accumulating organism.

Pi: orthophosphate ion.

PPi: pyrophosphate ion.

PHA: polyhydroxyalkanoates.

PHB: polyhydroxybutyrate.

PHV: polyhydroxyvalerate.

SBR: sequencing batch reactor.

SCVFA: short chain volatile fatty acids.

SRT: solids retention time.

TEM: transmission electron microscope.
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TCA: tricarboxylicacid.

TP: total phosphorus

UCT: University of Cape Town.

VFA: volatile fatty acid.


