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A number of studies have indicated that P removing microbes proliferate in the aerobic zone as
a result of the accumulation of fermentation breakdown products during anaerobiosis. The
fermentation breakdown products consist of acetate and butyrate which are short chain
carbohydrates (fatty acids), suitable for P removing bacteria. A model organism of this kind is
Acinetobacter spp. (Buchan 1983; Lotter, 1985), which have been shown to accumulate
phosphates under aerobic conditions of up to 25 % of their cell mass. Enhanced biological P
removal plants have since been either designed or redesigned to employ luxury uptake of P
(Atkinson, 1999). Vaker er al. (1967) reported EBPR in a full-scale plant and this was

attributed to the phenomenon of luxury uptake of P by activated sludge bacteria.

2.7.3.3 Precipitation

The solubility of orthophosphate is controlled by the pH of the aquatic environment and the
presence of Ca’*, Mg?*, Fe’* and AI’*. Precipitation results with the formation of insoluble
hydroxy-apatite compounds such as Caw(PO4)s(OH)2, Fes(PO4)..8H:0 or AlPOs.2H20 (Lilley
et al., 1997)

Insoluble forms of P are solubilised by microbes through their metabolic activities.
Mechanisms of solubilization used by microbes include: the use of enzymes, production of
organic and inorganic acids (for example succinic acid, oxalic acid, nitric and sulphuric acid),
production of CO: (which lowers pH), production of H:S (which may react with iron
phosphate and liberate orthophosphate), and the production of chelators that can complex
calcium, iron or aluminium (Bitton, 1994). Chemical precipitation as a method for phosphate
removal is gaining less popularity due to the high costs that are incurred for buying lime
(Lilley et al., 1997) and added to this, are the lime dumps that become characteristic of plants

using chemical precipitation.

42




































2.11 Nutrients in sewage for microbes

In activated sludge, the relative number of each species is determined by its growth rate,
availability of a suitable food source and predation. Furthermore, physical conditions
prevailing in the plant have a different effect on the rate of proliferation of various species

(Buchan, 1984).

Domestic sewage, and to a lesser extent industrial wastewater, contains a rich variety of
organic and inorganic compounds, including important trace elements and organic growth
factors. All the nutritional requirements for bacterial and fungal growth are present in the
wastewater. Thus, provided the environmental factors are favourable, a wide range of
heterotrophic microbes will develop within the biological reactor of a wastewater treatment
plant. The microbes present are not only those species which can metabolize the raw
constituents of the wastewater, but can also utilize the breakdown products of other microbes

and species which prey upon other microbes (Gray, 1989).

Microbes require certain basic nutrient elements. Carbon is required as a source of energy and
for the synthesis of various macromolecules. Important nutrients required by microbes include
N, P, sulphur, potassium, calcium and magnesium. Trace elements such as iron, copper, zinc
and cobalt are required by many species and more fastidious organisms require growth factors

such as vitamins.

Carbon, N and P 1s required by microbes in balanced amounts. The ratio is COD:N:P of
100:6:1.5. Buchan (1984) states that only a fraction of the incoming constituents are involved

in bacterial synthesis.

Large quantities of inert or non-biodegradable material can be present, which are removed by
processes other than metabolism (such as adsorption onto floc particles). N is only considered
fully available when present as ammonia and P as soluble phosphate, although other forms of

these elements can be converted to ammonia and phosphate and thus become available.
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Confocal configuration of the microscope optics, along with the capability of the laser to scan
the specimen in a point-by-point fashion to produce sharp, high contrast and high resolution

images of very thin, well defined optical sections (Kuehn et al., 1998).

In an image-processing system, a hundred or more very thin optical sections can be stored and
combined into a composite three-dimensional image. These image views can resemble those

from SEM, but the specimen need not be in a vacuum (Rochow and Tucker, 1994).

2.19.1.5 Fluorescent in situ hybridization (FISH)

Of the three categorics of RNA in prokaryotes (mRINA, tRNA and rRNA), only tRNA can be
used for probing purposes because of its central role in cell survival, maintenance and
reproduction. In addition, rRNA and their genes are almost universally present in cellular life
forms, are functionally constrained and therefore evolutionally conserved, which makes them
valuable indicators of identity and relatedness (Atkinson, 1999). Perhaps their greatest quality
as far as spatial distribution and identification in activated sludge or other environmental
samples is concerned, is their natural amplification and high copy number per cell (usually >
10 000 per cell)(Atkinson, 1999). An intact rRNA molecule is comprised of three sub-unit
molecules: 58, 168 and 23S. An average bacterial 16S rRNA molecule is approximately 1 500
nucleotides long (Amann ef al., 1995). There is therefore sufficient information contained
within this molecule to establish reliable phylogenetic analyses, even if they are not fully
sequenced, although > 1000 nucleotides should be determined for accuracy and confidence
{Amann ef al., 1995).

Each rRNA-targeted oligonucleotide is chemically linked to a fluorochrome which allows cells
hybridized with the labelled oligonucleotide to be directly visualized using epifluorescence
microscopy or scanning confocal laser microscopy (Amann ef al., 1995). The choice of
fluorochrome for immunofluorescence or probe hybridization is dependent on availability in a

stable, purified form, the ease with which it can be coupled to a carrier molecule (antibody or
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Sample preparation:

1 ml of sludge from each sample was transferred to sterile 1.5 ml Eppendorf tubes and washed
three times with sterile double distilled water by centrifugation at 10 000 rpm for 5 min in a
BHG Hermle 360K centrifuge. The biomass pellet was finally resuspended in 1 ml of sterile
double distilled water. The samples were then diluted 1:10 in sterile double distilled water and
10 ul spotted on high purity carbon stubs. These were left to air-dry at 37°C before being
coated under vacuum with approximately 25 nm of high purity carbon. Two controls
consisting of only a carbon stub without sample and a carbon stub containing only 10 ul of
sterile double distilled water were included to check the purities of both the carbon and double

distilled water.

EDS Analysis:

Samples were analysed by means of EDS. The SEM used was a Jeol model JSM-5800LV
using a backscatter detector for better compositional contrast and depth resolution than
secondary electron detectors. Samples were analysed by a pre-standardized Noran Voyager
system at 15 keV for a livetime of 100 s. Ten analyses of each sample were done. Digital

images were captured by means of an Orion frame-grabber.

EPS extraction:

For the EPS extraction, the regular centrifugation method of Zhang et al. (1999) was used, but
instead of homogenization by means of blending, homogenization in this case was done with a
Cole-Palmer (Series 4710) ultrasonic homogenizer probe with an output of 55 %. This method
was preferred to other methods as reported by Zhang er al. (1999) as it was reported to have
the least contamination by protein and DNA. Five Eppendorff tubes were filled with 750 pl of

sludge for each of the Baviaanspoort and Centurion WTP. Samples were centrifuged at 3500
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rpm for 10 min and the supernatant removed. The tubes were again filled with 750 pl double
distilled water and homogenized with three 15 s bursts. Samples were kept on ice during
homogenization steps. After homogenization, the previously removed fractions were added to
the tubes and the samples centrifuged for 30 min at 12000 rpm. After centrifugation, the
supernatant was pooled and filtered through 0.22 n MILLEX®-GS syringe filters (Millipore)
into McCartney bottles and freeze-dried overnight. Preparation of freeze-dried EPS for EDS
was done as described earlier, although, in this case, the dried EPS was attached to double-
sided carbon tape on an aluminium stage before being coated with carbon. EDS analysis was

performed as described earlier.

3.4  RESULTS AND DISCUSSION

At the time of sampling all the WTP produced effluents which conformed to the special
standard of 1 mg.1" orthophosphate discharged to water sources as stipulated in the Republic of
South Africa Water Act of 1956, as amended in 1980 (Stim, 1987).

There are many problems associated with EDS of biological samples, as normal preparation
techniques for electron microscopy can displace, transform and dissolve many elements within
biological samples, and is therefore not representative of the in vivo situation (Buchan, 1980).

In this study we avoided normal SEM preparation to minimize abovementioned problems.
SEM indicated that the Daspoort and Rooiwal EBPR sludges seemed to consist of clusters of

cells (Figures 3.1 and 3.2). The Baviaanspoort and Centurion sludges contained more

filamentous organisms than Rooiwal and Daspoort (Figures 3.3 and 3.4).
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Table 3.3. Typical data set for analysis of cell clusters and EPS (Centurion — aerobic

zone)(the K following every element indicates the K-shell of the specific atom).

Cell clusters ‘ EPS
Element Weight % | SD (%) Element Weight % | SD (%)
NaK ND ND NaK 0.68 11
MgK 15.91 0.82 Mg-K 1.59 0.93
AIK 131 0.51 ALK 35.55 1.00
SiK 0.15 0.48 SiK 5.76 1.04
PK 57.12 136 PK 23.29 120
SK 133 0.73 SK 5.69 119
CLK ND ND CI-K 3.23 112
KK 16.68 0.80 KK 0.48 1.03
CaK 6.37 0.78 CaK 14.95 1.27
Fe-K 114 1.52 FeK 18.77 3.27

It was easy to distinguish between bacterial cells and EPS for the Daspoort and Baviaanspoort
sludges, making EDS analysis easy (Figures 3.1 and 3.3). However, due to the very close
encapsulation of cells by the EPS in the Rooiwal and Centurion sludges (Figures 3.2 and 3.4),
EDS analysis was more difficult. Cell clusters of these sludges may also have contributed to
X-rays produced from EPS being analyzed, due to overlap of EPS and cells in the large

excitation volume (approximately 2 p x 2 p) created.
EDS analyses of phosphorus in cell clusters in this study [60 % (cells and EPS) minus 30 %

(EPS alone) equaling 30 %] are in agreement with those of Buchan (1980), who indicated a 18

% phosphorus content in Acinetobacter cells.
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The type and amount of intracellular leakage during extraction should be investigated further
and steps should be taken to minimize this phenomenon. Also, the effect of EPS extraction on
WTP employing only biological treatment (that is, without addition of chemicals to attain
effluent standards) could shed light on the leakage of intracellular leakage during
homogenization steps. In addition, more gentle extraction methods for EPS could be
employed. For example, addition of deionized water to a sample may be regarded as a simple
form of extraction (Gaudy and Wolfe, 1962). However, gentle extractions will probably only
extract loosely bound EPS (Nielsen and Jahn, 1999).

Further attempts to optimize the EDS analysis of activated sludge should be investigated. This
could include Transmission Electron Microscopy (TEM) in combination with EDS to avoid
large excitation volumes, rapid freezing and cryo-sectioning, as well as freeze-substitution to
avoid displacement or migration of ions inside the samples. In the author’s opinion, these
methods will give better results than extraction procedures, which have more inherent

disadvantages like intracellular leakage.

3.5 CONCLUSIONS

SEM-EDS indicated that cell clusters with associated EPS of different activated sludge plants,
on average, contained between 57 and 59 % phosphorus, while EPS alone contained on
average 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. Results of EDS for EPS extracts from two WTP employing chemical treatment,
indicated possible localized iron and aluminium precipitates of phosphorus which were
seemingly removed by filtration (part of the extraction procedure). Although intracellular
leakage during extraction was indicated, EPS could play an important role in removal of

phosphorus, even in these plants.
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method is to measure suspended solids (SS) or volatile suspended solids (VSS) (Ali et al.,
1985). These methods, however, do not distinguish between living cells and debris of
organic or inorganic origin. The standard parameter of biomass in activated sludge is
MLVSS, although it is recognized as an indirect and incomplete measure of the viable sludge
floc (Fair and Geyer, 1954; Patterson and Brezonik, 1969, Patterson ef al., 1970). Other
biomass parameters have been suggested, including particulate organic nitrogen and protein,
but these are also unsatisfactory because of the variable concentrations of nonviable
particulate organic material present in sewage (Patterson ef al., 1970). Furthermore, rapid
changes in biological activity are only slowly reflected by changes in any of these parameters

(Patterson ef al., 1970).

Currently, the heterotrophic active biomass exists only as a hypothetical parameter within the

structure of the design procedures and kinetic models (Ubisi ef al., 1997).

In literature, principally microbiological techniques, including pour-plate and other culturing
techniques, DNA analysis, fluorescent probes for ribosomal RNA, as well as sequencing of
ribosomal DNA have been proposed to measure the heterotrophic active biomass parameter
(Ubisi et al., 1997). These methods are, however, mostly still in their infancy and still need
to be optimized. For example, using the traditional total plate count technique, a
underestimation of the biomass is done due to the selectivity of the media employed
(Jorgensen ef al., 1992) and flocs which may contain thousands of cells, but resembles one
colony forming unit. It has been proved that newer molecular techniques like fluorescent in
sity ‘hybridization (FISH) gives a totally different picture of the microbial community in
activated sludge (Atkinson, 1999). For example, total plate counts of activated sludge
samples indicate high levels (> 90 %) of Acinetobacter spp. On the other hand, FISH has
indicated minute quantities of these species (3 to 6 %). However, even with homogenization
techniques, counting of individual cells within these structures are difficult, due to difficulty
experienced in breaking up these structures. This also leads to concern about entry of dyes
and probes. Most of these methods also require sophisticated equipment and experimental

techniques not widely available (Ubisi ef al., 1997).
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Preparation of biomass inoculum: Preparation of sterile mixed liquor:

Sampling — aerobic zones of five plants Sampling - Daspoort anaercbic zone
Analyses:
microbiological:

ATP, total plate count
Setiling of sludge
physico-chemical:
COD, pH, MLSS
SO, PO,
NH4", NOy

Pelletize biomass (3000 rpm, 20 min) -

Enough to yield 120 g for experiment 1 Vacuum filtration of clear liquor
and 900 ml of sludge for experiment 2

! !

Weigh off biomass into Sterilize filtrate by autoclaving
sterile 1 1 Erlenmever flasks

! !

Store at 4°C overnight Adjust  POs"  (KH:POs) and pH
(concentrated H2804). Add 600 ml to
flasks {experiment 1 - triplicate) and 450
ml for experiment 2 (duplicate)

\ /

Analyses at To (before onset of the experiment):
microbiological and physico-chemical analyses (including dissolved oxygen)(see above)

(Shaking and aeration)

i

Measurement of dissolved oxygen at different intervals
Measurement of PO+* (hourly)

Microbiological and physico-chemical analyses at the end of the experiments (Ts - exp. 1; T7 - exp. 2)

Figure 4.1:  Graphic representation of the experimental protocol used in experiments 1 and

2.
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