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SUMMARY 


Research has indicated the relationship between biomass and phosphorus removal in activated 

sludge. Mixed liquor suspended solids (MLSS) and mixed liquor volatile suspended solids 

(ML VSS) are often used as indicators of biomass, and used as such in the mathematical 

modelling of biological phosphorus removal. Not all phosphorus removed in activated sludge 

systems can be accounted for by polyphosphate accumulating organisms (PAO). The 

objectives of this study were to determine the relationship between the MLSS and MLVSS 

fractions and phosphorus removal in activated sludge, to compare these fractions, together with 

total plate count (TPC) and adenosine triphosphate (A TP) bacterial counts as measures of 

viable biomass and to investigate the role of extracellular polysaccharides (EPS) in the removal 

of phosphorus from wastewater. The hypothesis of the study was that the same amount of 

MLSS and, specifically MLVSS, of different activated sludges should show similar 

orthophosphate uptake abilities if these were to be indicative of biomass. To this end two 

experiments were conducted. In experiment 1, sterile mixed liquor growth medium was 

inoculated with equal amounts (40 grams) of wet sludge pellets from five different 3-stage 

Bardenpho activated sludge systems with similar sludge ages. In experiment 2, the MLSS and 

 
 
 



orthophosphate concentrations m the same plants used in experiment 1 were simulated . 

Orthophosphate removal was determined hourly and differed amongst systems. Different 

orthophosphate removal capacities were attributed to differences in the MLSS active biomass 

fraction of the different activated sludges . Although MLSS and MLVSS showed the same 

trend in orthophosphate removal, initial concentrations of these fractions could not be directly 

linked to differences in orthophosphate uptake abilities of different sludges, indicating the 

unsuitability of MLSS and MLVSS as indicators of viable biomass in activated sludge. 

However , orthophosphate removal was consistently higher in the sludges with higher ATP and 

TPC values, indicating a relationship between the active biomass fraction of the MLSS and 

orthophosphate removal. 

A method for the qualitative and quantitative in situ characterization of PAO cell clusters and 

closely associated EPS is described. X-ray microanalysis was performed on samples from four 

activated sludge plants . Analyses were done by means of scanning electron microscopy (SEM) 

combined with energy dispersive spectrometry (EDS). On average, cell clusters with 

associated EPS contained between 57 and 59 % phosphorus, while EPS alone contained 

between 23 and 30 % phosphorus. Results suggest that phosphorus removal in activated 

sludge might be due not only to PAO, but also by EPS acting as a phosphorus reservoir. 

Extraction of EPS from two different activated sludge plants yielded similar amounts of EPS . 

Comparison of EDS results before and after EPS extraction, indicated possible intracellular 

leakage during homogenization, while phosphorus may be complexed in localized iron and 

aluminium precipitates in wastewater treatment plants employing chemical treatment to attain 

effluent standards . These precipitates were probably removed by filtration during the 

extraction procedure employed. 
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OPSOMMING 


Navorsing het die verband tussen biomassa en fosfor verwydering in geaktiveerde slyk 

aangetoon. Mengvloeistof gesuspendeerde soliede materiaal (MGSM) en mengvloeistof 

vlugtige gesuspendeerde soliede materiaal (MVGSM) word dikwels gebruik as indikators van 

biomassa en gebruik in die wiskundige modellering van biologiese fosfor verwydering. Nie 

aile fosfor verwyder in geaktiveerde slyk sisteme kan toegeskryf word aan poli-fosfaat 

akkumulerende organismes (PAO) nie. Die doelwitte van hierdie studie was om die 

verwantskap tussen die MGSM en MVGSM fraksies en fosfor verwydering in geaktiveerde 

slyk te bepaal , om hierdie fraksies, tesame met die totale plaat telling (TPT) en adenosien 

trifosfaat (ATF) bakteriese tellings as indikators van lewensvatbare biomassa te vergelyk en die 

rol van ekstrasellulere polisakkariede (EPS) in die verwydering van fosfor uit afvalwater te 

ondersoek. Die hipotese van die studie was dat dieselfde hoeveelheid MGSM, en spesifiek, 

MVGSM van verskillende geaktiveerde slyke dieselfde ortofosfaat opname behoort te toon as 

hierdie fraksies biomassa sou aandui . Om die hipotese te toets is twee verskillende 

eksperimente uitgevoer. In eksperiment 1 is steriele mengvloeistof groeimedium ge'inokuleer 

met gelyke hoeveelhede (40 g) nat slyk pille verkry uit vyf 3-fase Bardenpho geaktiveerde slyk 
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aanlegte met ooreenkomstige slykouderdomme. In eksperiment 2 is dieselfde geaktiveerde 

slyk aanlegte as in eksperiment 1 gebruik en is die MVGSM en ortofosfaat konsentrasies in die 

aanlegte nageboots. Ortofosfaat verwydering was uurliks bepaal en het verskil tussen die 

sisteme . Die verskillende ortofosfaat verwyderings kapasiteite wat waargeneem is was 

toegereken aan verskille in die MGSM aktiewe biomassa fraksie van die verskillende slyke. Al 

het MGSM en MVGSM dieselfde patroon in ortofosfaat verwydering getoon, kon aanvanklike 

konsentrasies van hierdie fraksies nie direk gekoppel word aan verskille in die ortofosfaat 

opname vermoe van die verskillende slyke nie, wat die onaanvaarbaarheid van MGSM en 

MVGSM as indikators van lewensvatbare biomassa in geaktiveerde slyk aandui. Ortofosfaat 

verwydering was egter konsekwent hoer in die slyke met hoer ATF en TPT waardes, wat die 

verwantskap tussen die lewensvatbare biomassa fraksie van die MGSM en ortofosfaat 

verwydering aantoon. 

'n Metode vir die kwalitatiewe en kwantitatiewe in situ karakterisering van PAO sel-trosse en 

naby-geassosieerde EPS word beskryf. X-straal mikroanalise was uitgevoer op monsters uit 

vier geaktiveerde slyk aanlegte. Analises was uitvevoer deur middel van skandeer elektron 

mikroskopie (SEM) gekombineer met energie verstroo'iende spektrometrie (EVS). Gemiddeld, 

het sel-trosse met geassosieerde EPS tusen 57 en 59 % fosfor bevat, terwyl EPS aIleen tussen 

23 en 30 % fosfor be vat het. Resultate het voorgestel dat fosfor verwydering in geaktiveerde 

slyk nie net toegeskryf kan word aan PAO nie, maar ook aan EPS wat optree as a fosfor 

reservOlr. Ekstraksie van EPS vanuit twee verskillende geaktiveerde slyk aanlegte het 

eenderse hoeveelhede EPS opgelewer. Vergeyking van EVS resultate voor en na EPS 

ekstraksie het moontlike intrasellulere lekkasie gedurende homogenisasie aangedui, terwyl 

fosfor moontlik gekomplekseerd met gelokaliseerde yster en aluminium presipitate mag 

voorkom in afvalwater behandelings aanlegte wat chemiese beandeling gebruik om uitvloei­

standaarde te handhaaf. Hierdie presipitate is moontlik verwyder deur filtrasie gedurende die 

ekstraksie prosedure wat gebruik is . 
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