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REPORT BY THE JOHANMESBURG CITY COUNCIL
OH A TWO YEAR STUDY OM THE ENHANCEMENT OF BIDLOGICAL
PHOSPHATE REMOYAL BY ALTERING PROCESS FEED COMPOSITION
- {PLANT AND LABORATORY STUDIES)

EXECUTIYE SUMMARY

PROJECT AIMS

. During the two year extension of the Contract, the aim of the

research work was to -

improve elutriation of readily biodegradable compounds from
primary sedimentation tanks to achieve optimum use of this
process
minimise the mass of nitrate entaring the anaerobic zone

- monitor oxygen utilisation rates (QUR} and oxidatian reduction
potentials (ORP} in the plant to optimise power consumption

. develop less labgur intensive and more accurate methods of
determining volatile fatty acid lavels

. cenfirm postulates contained in the biochemical model of
bialogical phosphorus removal experimentaily.

. consolidate on-line effluent monitoring

N incorporate new design features in plant modifigcations.

RESEARCH WORK

A programme of airlancing of the sludge in the primary sedimentatior
tanks was undertaker in ar zttempt to improve elutriation of readily
biodegradable COD. t the same time the effect of passing tne
return sludge through an anoxic zone was evaluated.



Oxygen utilisation rates in the asrcbic zone and oxidation reductiagn
potential of the anaerobic zone were monitored continuously. A

number of methods far the determination of volatile fatty acids were
evaluated.

Microbiological evaluation of the activated sludge process was
continued, This included microscopic evaluation of the floc-forming
and filamentous organisms, evaluation of isolation media and
identification techniques for population studies.

Metabolic control mechanisms and enzyme behaviour were studied in
Acinetobacter spp.

CONCLUSIONRS
Operational Aspects

txperience at the Johannesburg Northern Works which makes use of both
the five and three-stage Bardenphe Process, has shown that the
continuous and reliable removal of phosphates to the reguired
standard of 1 wg o-P/&, is critically dependent on having an adeguate

suppty of readily biodegradable COD present in the influent to the
anaerobic zone.

Attempts to correlate the oxidatien reduction potential in  the
anaercbi¢ zone and influent VFA levels with effluent phosphate
tevels, ware unsuccessful. This 1is probably as & result of the
numerous factors affecting the process in full-scale plants.

Augmentation of the concentration of readily biocdegradahle COD
naturally present in thea influent s$ewage, was achieved by the
fermentation of primary zludge in the sedimentation tanks, and
subsequent recycle of sludge for the elutriation of soluble organics.
Improved reliability of biological phosphate removal was noted.

Further enhancement of performance was achieved by periodic
airlancing to prevent the conversion of fermentation products to
methane, under anaercobic conditions.
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The towest effluent phosphate levels were achieved by storing sludge
for 24h, recycling for 24h and storing for a further 24h. During
storage periods, the sludge was aerated for 30 seconds three times a
day.

rull optimisation of this procedure will only be possible when a
method far monitoring readily biodegradable C0D on-line has been
developed.

Performance Manitoring

Considerable experience has been gained with on-line monitors
measuring the concentration of phasphates, nitrates, ammonia and

alkalinity in effluents. Pata from this monitoring network was
initially collected in a computer-based system, using programs
developed in-hpuse, This proved to be inflexible, reguiring new

programs to be written for any operational changes, and to produce
results in a graphical form more understandable to works staff. This
system was augmented with data loggers using commerciatly available
programs. Once again, hourly average data was collected and printed
oot for the information of operational staff. Data captured on the
logger's cassette was transfarred weekly to & computer for storage
and representation in graphical form,

Because of the limitations describad, 1t is proposed to install a
further supervisory sysfem consisting of a number of Programmable
Lagic Controllers (PLC's), which can be accessed , at frequent
intervals by a computer that can plot and display data immediately.
This computer should also desirably have spreadsheet capabilities
which will assist in further in-depth analysis of the pracess.
Another important use of the supervisory system is that in future, it
can be coupled te a computer simulaton of the activated sludge
process now under development,

On-line monitaring systems can only be justified in the case of large
works and should be designed, installed and maintained by staff who
are fully canversant with this fiald,
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Design Aspects

Experience " gained during the exscytion of this Contract has
highlighted aspects to be borne in mind in the design af biologica)
phospharus removal plants. These include :-

. feed sewage characteristics

. primary sedimentation designed for fermentation of raw sludge

. Toad balancing

. wnaerated mass fraction should not exceed 0,45

. placement of a second anoxic zone in front of the anasrchic zone
has bean successful in preventing nitrate in return sludge from
entering the anzarobic zone.

. a tapered aeration system with more aeration capacity available
at the inlet rather than the outlet of the aerobic zane

. standby chemical dosing systems should be designed to remove at
least 50% of the incoming phosphorus load using the most dilute
precipitant chemical available.

Microbiological Aspects

Sludge bulking, which was abserved at the Horthern Works, but not at
the diffused air plants at the Bushkoppie Works, could be controlled
by maintaining oxygen Yevels between 1 - 2 mg/e.

While microscopic evaluation provides a rapid diagnostic toel to
determine the general health of the plant, it was not found to be
suitable as an absolute ocperating parameter.

Impravements were made to methods used for isolating and identifying
bacteria 1n population studies.

A phosphate releasing capacity test was developed. This simple,
inexpensive technique, shows potential in distinguishing between
biologically and chemically immobilised phosphate and may be usefu)
in monitoring activated sludge plants combining biological and
chemical phosphate removal,



Development and Refinement of Techniques

Methods to determine volatile fatty acids were improved and methods
for the determination of polysaccharides were developed.

Fundamental Studies on Chemical and Biological Phosphate Removal

Investigations into im situ phosphate precipitation indicated that
separate precipitation mechanisms exist for different cations, and
that precipitation dees not occur in nutrient removal plants without
addition of chemicals.

The additional effort and cost {nvolved in the chemical amalysis of
extracellular polysaccharide compared to microscopic evaluation is
not warranted, as the former tgchnique does not provide a more
sensitive indicator of plant performance than the latter.

Dehydrogenase activity 1is relatively easy to determine and its
potential use in controlling aeration should be investigated.

A method for the analysis of alkaline phosphatase activity was also
daveloped.

Experimental Evidence Supporting the Biochemical Model

The main hypothesis contained in the model, namely, that the process
is controlled by intracellular metabolite levels rather than genetic
selection, was found to hold. The studies alsg showed that
Acinaetobacter spp, as an example of & palyphu&phaté bacterium, have
the ability to absorb substrate under one wnfavourable situation
{i.e. anaerobic), and to use the stored substrate as anm epgrgy source
under & second unfavourable situation (1.e. Yack of external carbon),
to absorb other essential nutrients like phosphate. Tha importance
of adeguate aeration and minimisation of nitrate feedback to the
anaerabic zone were explainad during this study.
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RECOMMENHDATIONS

[n addressing the specific research areas required by the Contract,
researchers identified a number of ancillary processes which impinge
on biglogical phosphate removal. In order to integrate biological
phosphate removal into a total wastewater treatment protocol, varigus
research needs into these ancillary processes were identified.

Certain research areas addressed during the Contract also require
further dnvestigation. These recommendations are fntended to -
encompass both the research needs in biological phosphorus removal
and ancillary processes.

Ancillary Processes

{ombined chemical and biological phosphate
remaval in the activated sludge process

In order to comply with the statutory effluent standard, the
biological phosphate removal process often regquires supplementation

with chemical addition, Optimisation of these two processes in
combination iz essential to  ensure the most cost-effective
utilisation of both. Different chemicals and dosing protocels

should be investigated.

STudge handling including dewatering, final disposal and
metal extraction without less of phospharus from sludge

Sludge from nutrient removal plants contains Tlarge amounts of
biologically immob{lised phasphorus.  Sludge handling can cause the
release of some of this phosphorus ta the liguid phase, thus
reguiring retreatment of the latter. Optimisation of siuvdge
handling and disposal with minimum loss of phosphorus is essential,

Recycling sludge in the form of compost is an attractive proposition,
but the metal content limits its applicatien to agricultural land.
Recovery of the heavy metals from the $ludge without loss of



nutrignts, would greatly enhance the attractiveness of the composting
aption,

Utilisation and role of particulate COD tn phosphorus

and nitrogen removal and its role in sludge bulking

Particulate COD contains a biodegradable component which must be
utilised during the process. No research has been carried out into
the optimal use of this carbon source, ar its role in various
processes prevailing in an activated sludge system.

Removal af non-hiadegradable COO

The removal of non-biodegradable COD has, like the wutilisation of
particulate COD, received little or no attention. Effluwent COD
levels in excess of the effiuent standard, have been observed to
arise as resuTt of high levels of nan-bicdegradable COD din the
influent, Methods to reduce effluent levels to within the standard
should pe investigatad,

Sludge bulking in nutrient remaval plants

Sludge bulking is & problem experienced in & number of nutrient
removal plants. White this problem may be prevented by correct
design of new plants, aperational protocols are required for bulking
cantrol in existing plants.  Further research to consolidate design
features and operational aspects is required. Alternate methods of
solids separation should be investigated.

Further Research Emanating from the Contract
In addition to the abovementioned ancillary avenues which should be

investigated, the following areas emanating from this Contract,
deserve attention in the future :-
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Updating of the biochemical and mathematical models

Current biochemical and mathematical models developed by the
University of <Cape Town and the City of Johannesburg, should be
continually updated in the light of new findings, in order to retain
these models at the forefront of research in this area.

The theoretical data generated by these models should be linked to
pperational aspects and then consolidated into a cohesive wheole.

Consolidation of ¢n-line monitoring protocols

fonsiderable progress has been made with on-line monitoring of
activated sludge plants and the handling of data from the monitors.
Protocols for their routine use need te be drawn up.

Monitoring effects of innovative deésign
features on process efficiency

A number of design fdeas have been geénerated during the research
undertaken during this Contract. In order to evaluate their
usefulness, thair effect on process efficiency should be monitored.

Caonsolidation of biglogical monitoring procedures

Varicus menitoring techniques have been used during this Contract.
Attempts should be made to conselidate and rationalise their use.

Hzndling phosphate removal plant failures

In the long sludge age plants operated in South Africa, phosphorus
can be immobilised over a period of up to twenty days in the sludge.

Plant failures could result in disruptiom of the environment to such
ah extent, that the fmmobilised phosphate is released to the agueous
phase. Strategies should be developed to deal with such an
eventual ity. Thase should dinclude protocois for restarting the
plant,



Cost effectiveness of feed process alteration
versus chemical addition for phosphorus removal

A preliminary paper study revealed that optimisation of biological
phosphate removal by altering the process feed composition, s cost
effective in comparison to chemical additian,  However, additional
factors such &s possible reduced ogas production, the effect of
chemical addition on the salinity of the rivers, and the effect of
5ludge handling, should be investigated.
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CHAPTER ORNE

INTRODUCTION

1.1 Background

Research inte and development of hiological nutrient removal from sewage in
South Africa over the last twelve years, with much of the wark heing
sponsorad by the Water Research Commission, has resulted in significant
advances in understanding the process and its successful application in
practice. This knowledge has been transferred to user agencies such as
cansulting enginesrs and local authorities by way of presentations at local
and international conferences, working group discussions and a
comprehensive information document on the theory, design and operation of

nutrient removal activated sludge processes (Water Research Commission,
1984).

The factors responsible for and controlling phosphate removal fram sewage
have heen identified and to a limited extent quantified. The more impartant
are the composition of the sewage, the bacterial species which remove the
phasphate and the process reaction conditions, the first named being the
most crucial. Parameters of importance are the quantity of shart chain
organi¢ compounds, such as acetic acid, present in sewage as well as the
relative proportions of carbon to nitrogen and phosphorus.

Mathematiczl models relating phosphate removal to the above parameters have
been developed and found to give conservative estimates of the phosphate
removal experienced in practice.

Preliminary investigations by a number of organisations in South Africa
haye identified a number of ways in which the composition of feed sewage
may be altered to make it more amenable to biolegical phosphate removal.
These techniques are all based on supplementing the feed to the biological
reactor with additional readily biodegradable soluble organic matter,
praferably short chain prganic compounds, and include:
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. Addition of industrial effluents with high organic matier content
to the domestic sewage feed.

. Returning primary sludge removed from raw sSewage to the
biological reactor instead of anaerobically digesting and
stabilizing it,

. Altering the anaerobic digestion process to proceed only up to
the acid formation stage and discharging the resyitant acids
(i.e. short chain organics) to the head of the works,

- Operating primary sedimentation tanks to induce acid formation
within the sludge layer and after elufriation discharging the
resultant acids to the biological reactor.

. £xpanding the anaercbic 2zone in biological nuirient removal
pracesses to generate the required short chain organics within
the procass.

During the initial period of this contract (1984-1986) excellent progress
was made in evaluating various methods of increasing the readily
biodegradable COD content of sewage (Osborn et al., 1986).

The generation of wvolatile fatty acids in primary sedimentation tanks and
recycling of the primary sludge was demonstrated as a successful means of
acquiring the desired feed characterfstics.. The use of high rate digesters
for the same purpose, while not in itself capable of generating the
required amount of acid was shown to be useful as a back-up facility during
times of Tow COD load. On-Tine monitoring was successfully used to
evaluata the plant response to the addition of volatile fatty acids,

Preliminary results obtained from or=line monitoring of oxygen utilization
rates as a means of more efficient plant control also showed promise.

In any biciogical system, an in depth understanding of the fundamental
mechanisms involved enhances the possibility of ultimate contral of the
process. A number of significant observations in this area contributed to
the averall understanding of the bioTlogical phosphorus removal process, and
allowed the postulation of a biochemical model for the process in
callaboration with the lfniversity of Cape Town.



1-3

The resvlts of this initial work were published in 1986 (Osborn et al,
1986}, During the course of these investigations a number of areas
requiring further research were identified, namely :

. Methods to improve elutriation of readily bicdegradable compounds
from primary sedimentation tanks to achieve optimum use of this
process.

. Methods to minimize the mass of nitrate entering the anaercbic
zone,

. Methods for efficient monitoring of oxygen utilization rates
{OUR) and oxidation/reduction potentials {ORP} in the plant to
optimize power consumption.

. Less labour intensive and more accurate methods of determining
volatile fatty acid levels.

. Experimental confirmation of postulates contained in the
biochemical madel of biological phosphorus removal.

1.2 Elutriation of volatile fatty acids from primary sedimentation tanks

In the acid fermentation of primary sludge, volatile fatty acids are
produced within a sludge layer having a fairly high solids concentration,

A practical problem exists in regard te the extraction of a large
proporiion of these acids from the sludge for addition to the activated
sludge process, while retaining most of the settleable solids in the
extracted sludge material. A way of doing this is to make use of the
concept of primary sludge recycle. Considerable experience has been
gbtained at Morthern Works with the procedure whare the results indicate
that the remaval of suspended salids across the primary sedimentation tanks
during primary sludge recycle periods is poor. Thus there is & need to
investigate better elutriation techniques to reduce the suspended solids
load on the activated sludge process. The continugus flow made of primary
sedimentation tank operation, was altered to a batch operation, where four
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tanks were desludged and cleaned out in rotation. The complete desludging
of the tanks should prevent loss of wvolatile acids by conversion to
methane. It was intended t¢ optimize mechanical operation of the
thickeners to make best use of the extraction capacity of the equipment,
thus promoting better partition of fatty acids from the solid to liquid
phase. However, this was not possible due to lack of thickening equipment,

1.3 Methods to minimize the mass of nitrate entering the anaerohic zone

Excessive nitrate recycle via the return sludge to the anaergbic zone 1s a
major reason for the failure of the biological nutrient removal process. A
way of obviating this problem is to ensure good denitrification in the main
process, which is not always easily achieved, An alternative methad of
ensuring that the return sludge c¢ontains minimal nitrates is to pass it
through an angxic zone before it eniers the anaerobic zone.

Recent studies at Northern Works have shown that by passing return sludge
on its own through a compartmentalised anoxic zone can denitrify it
campletely thus ensuring a nitrate free sludge feed to the anaerobic zone,
In addition considerable phosphate release occurs towards the end of this
anaxic zone, This release, in the absence of any added substrate, was
investigated,

Operation of one moduie over a limited period in this wanner has produced
very good results. Phosphorus removal is consistent and stable and there
are indications that this module can tolerate periads of low feed CQD
levels far better than its neighbouring wodule.

The effect of feed COD levels on phosphorus removal at different return
nitrate levels was studied. The manipulation of feed COD by generation of
Sbs‘ and its combined effect on phosphorus removal was also studied at
different nitrate levels,

The rate of phosphorus uptake in relation te plant operational parameters
1ike dissolved oxygen (D0} was 2lso studied in prder {o make maximum use of
aeration time.
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1.4 Menitoring OUR and ORP in the plant

On-line monitoring of oxygen utilization rate (OUR} in the aerobic zone and
oxidation reduction potential {ORP) in the anaerabic zone is the First step
in optimizing QUR in the plant. An electronic data management and
automatic control system for the abave was developed and installed and
evaluated on an extended time hasis. The equipment has the potential to
effect considerable power savings.

The ultimate aim of this work is to investigate the feasibility of feedback
control of a&erators. In other words activation and deactivation of
aerators according to the oxygen demand. In addition attempts were made to
develep operational strategies based on QUR and ORP measurements, For
instance the sudden draining of a balance tank resulting in a large plug of
{00 to the plant can be instantly detected by an OUR measurement and a
computer generated warning can be transmitted to the operator.

Time sharing techniques to utilize on-line amonitors 1in all zones was
investigated.

1.5 - Determination of volatile Fatty acids

Technigues far the determination of volatile fatty acids (¥FA) currently in
use are either too insensitive to detect the levels required or too Tlabour
intensive'to allow suffictent samples to be analyzed.

Praliminary work on 2 high pressure liguid chromatograph indicates that
this fechnique will be superior to gas chromatography in the research
field, The further develppment of this technigue was not pursued due to
the high cost and requirement for skilled analysts. A simple test for YFA
far plant operators remains elusive. The possibility of using specific
enzyme assays, and other colorimetric technigues was investigated.

1.6 Biuch;mical studies

In a collaborative effort with the University of Cape Town 2 biochemical
model wags postulated to describe the biological removal of phosphorus.



(Wentzel et al., 1986). Metabolic studies were undertaken in an attempt fo
prove certain aspects of the biochemical wmodel. The results of this
research are reported in a separate document {Lotter, 1989)

The characterization of the phosphorus species present in activated sludge
and the role of each in phesphorus removal was investigated,

1.7 Transfer of Data from The City Counctl of Johannesburg {JCC) to the
Computing Centre for Water Research {CCWR)

A meeting was held to discuss the work which needed to be undertaken in
order that data could be transfarred from the JCC mini computer at Cydna to
the LCWR computer at Pietermaritzburg. Software requirements were
identified as :

. A program to write the required data to magnetic tape at Cydna
. A query program to enable the data to be searched on the CCWR computer.

Additionally a conversion process was required to ogvercome  an
incompatibility problem with the magnetic tape format.

The first program has been written and implemented at Cydna whilst an
existing program was supplied to CCWR, where it was wodified to rum on the
CCWR computer.

The incompatibiiity probiem can most easily be solved by running the Cydna
tapes on a computer on the Qurban campus of the University of HNatal., A
second tape is then produced in the correct farmat far the CCHR computer.

A trial run has been undertaken and was completely successful, Information
about sampie points, determinands and the operation of the gquary, oprogram
have been supplied to CCWR for incorporation tn their newsletter.

It has been decided that until the level of demand for this data has been
established, only wastewater effluent samples and river samples will be
fncluded in the data banmk. Should the demand warrant it, the range of
sample points can be increased. The guery program has at this stage been
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kept as simple as possible, it, too can be enhanced if required,

1.8 General

In each of the following chapters, particular agpects of this research
programme are discussed in detail, Due to the specific nature of the
experimental work, these chapters have been structured in such a way as io
allow each te stand alone. Chapter 8 however attempts to place all the
findings in perspective,
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CHAPTER TwWO

ON-LIRE MONITORIMNG : DATA PROCESSING

H A NICHLLS AND C 5 STEVENS

INTRODUCTION

A number of on-line monitoring systems were examined at the
Johannesburg HNorthern Works, to determine the reliability and
stability of nutrient removal activated sludge plants. The first
system, developed by the Johannesburg Electricity Department, was
computer controlled and specifically designed to meet the

.raguirements at the Horthern Warks. At a later staga, a data

1ogger was connected in paraliel with this system. Unfortunately,
both these systems had sgvere shortcomings, with the result that a
third system is currently being investigated. The advantages and
disadvantages of all three systems, together with some coements
regarding on-1ine monitoring in gereral, are presented.

COMPUTER BASER SYSTEM USING PROGRAMS DEVELOPED IN-HOUSE
System Oescription

The details of this system have already been discussed by Osborn et

al., {1986}, and will only be summarised below :-

The system was controlled by an Apple micro-computer which was sited
in the Adminisiration Building approximately 1,5 km from the
activated sludge plants {Fig 2.1).



e-2

DESIGH CHPACIEY Mird

5 Binpy mcbwalad Siedge 150 nit 3
I Mg BriAns: 45 Iailk 1

7 Stegn Bokinery: 47 alkt 2

Suvwaduny
Shudge HandHng

Bpleating Tanks '-'# bt M- Lis Monliore

Figure 2.1 : Layout of the Johamwesburg Northern Works

Data was transmitted from the computer to¢ the outstation which was
sited in the control tower, via an overhead wire system connected to
modems at either end. Connection of the outstation to the
monitors, was via a cahle system housed in water piping to minimise
damage from Tightning. The parameters monitored on Module 3 of Unit
3 were as follows :-

. Phosphate in the final effluent

. Redox potential at a depth of 2 m in the middle of the
anaergbic reactor
Respiration rates at the start, middie and end of the main
aeration basin.
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Phosphate and nitrate levels in the effluent from Module 2 were also
monitared.

The development of the computer programs to contrel the putstation,
lag the data from the monitars and control the respirometers, proved
to be a long and tedious task. Approximately 1 000 hours of
programming were reguired to develop this system. Maintenance
became a major preblem, for the overhead cables were often struck by
lightning, causing damage to both the computer and outstation
hardware. This problem was finally overcome by installing a
squirrel wire above the cable and earthing the Tatter at roughly 200
metra intervals.

2.2.2 Major Drawbacks To This System

- A1l data collected was efther stored on disk or printed cut as
received. Plotting facilities were not easily available
since this regquired additional specialised programs to be

.written for every graph, & solution to this problem would
havae been to transfer the data to an IBM-compatible computer,
and to then use a commer¢ially available program for plotting
purposes, but unforturnately, thisz facility was not available,

. Since all the pregrams were developed in-house, any change of
staff required a new learning period before any winor or major
changes could be made to the program.

. In general, in-house programs are not user-friendly and any
change in operational staff required a Yearning period of two
to three weeks,

. Tha display on the computer s¢reen in the administration block
was very basic, depicting only the latest concentrations.
Whilst this information was of interest to the operator, it
would have been considerably more useful if it had been
possibla to display the last twenty resulis, so that trends
might be jdentified, To include trends in the program would
have required major additions.
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2.2.3 Presentation of Data

A printout of the data collected from the Apple computer (Table
2.1), was manually entered onto a spread sheet using an IBM computer
located at a different laboratory some 35 km away. A plot of this
data was then sent to the operational staff a few days later for
informatign purposes only. A typical example of these plots is
given in Figures 2.2 and 2.3.

TABLE 2.1 : TYPICAL EXEMIPLE DX THE DATA PRINTED DT
BY NICRO-COMPUTER

Ned 78 May  our (9) cc {0} de {0} oue (1) cc {1} da f1) our (2] c¢ (2] da {2)

11:53:56 42,8 0,988 1,3 B4, 9 0,594 2,3 12,5 0,576 1,4&
12:17:20 03,2 0,958 1,5 14,8 4,997 2,1 1,2 0,995 1.3
L2:40:40 &5 .0 0,999 1.5 15,1 d,%98 2,1 12,3 0,962 1,1
13:06:12 38,9 0,999 1,5 15,1 0,997 2,0 12,2 0,883 t,2
13:27:34 0.9 0,998 1,5 13,3 0,998 1,8 12,2 0,879 1,2
13:51:04 83,5 0,999 1,8 15,7 0,947 L& 10,4 0,300 1,1
lé116:30 56,6 0,939 1,8 15,5 0,997 1,& 8.5 0,20 0,8
14:37:56 57,0 0,998 1.3 15,7 ¢, 997 1.3 11,7 0,979 0,7
t5:Q1:22 56,5 0,999 1, 15,56 0,995 1,2 10,3 0,561 a,6
15:24 148 56,8 0,999 L.4 LG, 6 0,997 1.0 8,9 0,976 0.6
153+48:14 £7.1 ,999 (1 16,3 0,997 1.2 11,6 0,984 0.3
Ye:1l:60 58,3 0,999 1,3 21,13 9,59 1,1 11,1 0,982 0,4
18:35:06 88,1 0,999 1,4 22,4 0,998 1.2 11,2 0,89 G4
16:38:32 38,0 1,%99 1,3 26,4 d,998 1,1 te,2 0,913 0,1
17:31:58 56,17 1,992 1.2 27,4 0,999 1,1 4.8 0,59t a,3
L?:45:24 LI 1,000 1,2 %2 0,998 L,0 14,2 d,4983 0,3

KEY : our = cxygen uytilisation rata ng 0f¢
ce = <correlatisn coefFicient
do = dissolved oxygem ag O/t
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In general therefors, although this system gethered information
on-line, because of the limited data processing facilities in the
system 1tself, the full potential of on-line manitoring ¢ould not be
expioited. For this reason, it was decided to connect a data
logger in parallel with the computer based system.

THE USE OF DATA LOGGER SYSTEMS

Tha data logger used was capable of handling 30 analogue inputs
which was sufffciently adequate to permit collection of data from
monitors situated om the activated modylegs of Unit 3, and the
two-stage biological filtration system of Unit 1 (Figure 2.1). Iron
sulphate was being added ta the latter unit to chemically remove
phosphate, but resulted in an acidic effluent. Lime was therefore
added as a neutralising agent. On-1ine measurement and recording
of the azikalinity of this chemically treated water was essential if
corrosion of plant was to be avoided. As all the required cables
had already been insialied, it only took about 10 days to have the
total system cormected and running.

The logger was programmed to coliect readings every minute from all
the monitors except the respiromaters, and to average these figures
every hour for retention in the logger memory and display in the
administration block. Once a week, the data stored on the logger's
tape cassette was transferred Lo & mini-computer which was used for
bulk storage, and the preparation of graphical presentétiuns. These
plot programs were written in-house for another research project,
and were reasonably adaptable to this appiication as well, Changes
to permit, for example, & continuous plot of data collected over a
period of two months were not easily made and wouid have reguired
extensive reprogramming. The existing 5ystem permitting the
collection and plotting of dataz on a weekly basis was therefore
adopted,

tach week the Works Manager would be given a set of graphs depicting
the effluent quality from both the activated sludge plants and the
filtar plant. For gperational purposes he would have to use the



hourly printed values discussed abave.
and  the printouts

respectively.

2-1

are given

in Figure

2.4

and Tahble

TAOLE 2.2 ; EXAMPLE OF HOURLY PRINTOUT FROM DATA LOGGER

P04 OOF . OJUNT
FOg OD0.75M03

KEY

4 RPTL riXr
POP QQF, 23M02
FH ODE.98UMI

o RFF]  Jri1
FOF OD3. I IM02
FH  009,05UNT

o4 BPT) Iifl
FOF OQF.FFMO2
FH 008, %&UNT

04 RFT1 JTIEX
POP 003, §4M07
PH oOF.01MI

a4 APTI 111!
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FH 002, 90UNT
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o4 RPTI 111X
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FOF QO05.3rM02
PH OQF,. SIS

o4 RPTI  IfII
PSP 00, &ZMG2
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o4 RFTI JIi}
FOF 001, 33M02
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oS4 [ 200
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arE I8F. S4M02
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The disadvantages of the system included inadequate facilities to
sontrel the respirometers, and furthermore, it was unable to present
data collected in graphical form, to permit the determination of
trends.

SUPERYISORY COMPUTER CONTROLLED SYSTEM

Because of the limitations of the two systems described above, it is
proposed that they be phased out and replaced by a commerciaily
available superviscry package, when modifications are carried out to
the Northern HWorks in the near future. It is envisaged that =a
number of Programmable Logic Controllers {PLC's} will be placed at
strategic points on the plant and will gather information from all
the monitors, flow meters, pumps, aerators, etc., and store in their
individual memories. This data will be accessed at selected ¥fixed
time intervals of, say. every five minutes, by an IBM-compatible
computer located near the Manager's office.

The main advantage of this methed is that all the data can be
plotted and displayed instantanepusiy. In addition, alarms can be
set to warn to operator of changing conditions. Furthermore, the
data collected can be transferred to a spreadsheet fTor further
in-depth evaluations of the process. This is 2 most useful and
powerful feature of this system, and if utilised to its full extent,
should result in an improvement in plant operation.

Another important use of the supervisory control system is that it
can be coupled te a computer simulation of the activated studge
process, which will enable the operator to predict when the plant
effluent is unlikely to comply with the effluent quality standard.
Verification of the accuracy of this simulation model under
full-scale plant operating conditions, is the subject of another
research investigation currentiy in progress.

The design and installation of this type of cantrol system requires
the services of professional system cantral enginesrs, who can
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exploit the use of PLC's to thelr full extent. On account of the
high deagree of 'prufessiﬂn311sm required, these systems are
considarably more expensive than datz loggers. Neverthaless, when
all tha benafits of on-line monitors are made availabls to gperators
through the supervisery sysiem, both the operator's understanding of
the processes, as well as the plant performance, would improve. This
in turn, will reduce operational costs and in a very short while,
offset the cosis of the supervisory systea.

RESPONSE OF THE WORKS OPERATIONAL STAFF TO OR-LINE MONITORING

Unt1] graphs were produced depicting the performance of the
activated sludge piant; the works operational staff showad little
interast, and in fact, were rather sceptical about the entire
menitoring programme. Once the results were depicted graphically
howaver, works operation tock on a new dimension; it became a
dynami¢ process. The daily peak effluent phosphate concentrations
were noticeable, whereas previously, they were mistakenly thought to
be non-existent. Furthermore, the rapidity with which these peaks
increased and decreased was & surprise to all. These observations
lad to many questions being asked, which in turn led to more
discussion, and in the end, improved plant operation.

Probably the most important aspect of on-line monitoring is that
firstly, 7t requires a group of dedicated technicians to keep the
system up and running, and secondly, informed operators who are
prepared to make full use of all the data generated. In other
words, it is essentfal to have the commitment of all staff to
an-line monitoring, without which, no system will be successful, no
matter how good it is!

Three levels of expertise are required :-

. technicians who can maintain the mgnitors from a2 chemical and
mechanical point of view

. electranic technicfans who can maintain the electronic
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equipment on both the computers, monitors and PLL's etc

- programmers wha can make changes ta the software if and when
required.

With regard to chemical and mechanical maintenance technicians, it
is essential to have such a techmician aon site. From the
experience gained during this project, the sensing devices were by
far the most troublesome part of the entire monitorimg and control
system, Baily attention was necessary even if it amounted to only
five minutes,

Contracts can be entered into with suitable companies to provide the
other maintenance $kills required , on a call-out basis. Prabably,
the ideal situation is to employ the writers of the PLC software to
maintain the electronic equipment. Furthermore, if a plant is not
in easy reach of help, on-line monitoring should not be considered,

-COST BEREFITS OF ON-LINE MONITORING

Since tha {deal monitoring and control system has not yet besn
installed at Nerthern Works, no actual cost can be given,  However,
without on-Tine monitoring, large excesses of chemicals would have
been added to remove phosphate, if action had been taken only on the
results obtained from 24 hour composite samples. Also, the extent
of corrosion problems resulting from this chemical addition would
only have bacome noticable once the damage had been done. Even
wWith the primitive on-1ine systems in use at the Hortharm Works, it
has bean possible to keep both chemical addition and corrosion to a
i nimum.

CONCLUSIONS

. The on-line monitoring discussed in this paper 1is only
applicable to plants with effluents which have a significant
impact om our rivers and dams; in other words, only large
plants.
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There are no shortcuts which can be taken when installing a
re1iab1g en-Tine contrel and monitoring system. It is simply
not worth the time and effort to install a system which meets
half the requirements.

. For on-line monitering to be successful it must have the
degired impact on the operator.

. Only specialists in contrel and monitoring should design and
commission on-line monitering systems.

It is essential to have a dedicated staff to run and maintain
the system.
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CHAPTER THREE

PLANT CONTROL STRATEGIES :
MODIFICATION OF INFLUENT SEWAGE CHARACTERISTICS

H A NICHOLLS, € S STEVENS AND 5 DEACON

INTROBKICTION

To achieve a consistent effluent orthophosphate concentration of
less than 1 mg P/¢ relying sclely on biological phosphate removal,
has been difficult to accomplish at the Johannesburg Northern Works
(Nicholls et al., 1987). The main reason for this unsatisfactory
phosphate removal was an inadequate supply of readily bicdegradable
€00 or volatile fatty acids {VFA] in the feed to the activated
sludge process. In order to improve this situation, velatite fatty
acids were either added from an external source, or generated within
the primary sedimentation tanks {(Osborn et al., 1986).  In bath of
the above procedures however, methane fermeniation ultimately
commenced with a concomitant loss of fatty acids (Osbern and
Nicholls, 1985). To overcome this problem, air lancing af sludge
which accumulated on the floor of the primary sedimentation tank,
was introduced. This paper discussed the effects of this air
lancing on biological phosphate removal in the activated sludge
process,

Two main ssues were of concern :

. would intermittent aeration prevent methane formation and
result in an increase in the readily biodegradable COD in the
feed to the activated sludge process 7

- would air lancing increase the concemtration of suspended
solids in the feed to the process and iwmprove phosphate
removal ?
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Both of these issues would also influence the mass of nitrogen
removed in the activated sludge plant, which in turn, would alsa
influence the mass of phosphate removed.

3.2 HISTORICAL PERFORMANCE OF THE PRIMARY SEDIMERTATION TARKS
Nicholls et al., (1987) have described a number of procedurss for
operating the primary sedimentatien tanks, where the sludge was
allowed to accemylate and ferment on the floor of the tank, and
after a period of time, the volatile acids so produced, were
elutriated from the sludge by recycling 1t back to the inlet of the
sedimentation tanks. A summary of these results together with
usperational data under design conditions is given in Table 3.1.
TAHLE 2.1
PERFORNANCE OF THE PAENARY SEDINENTATION TAMKS
Tesk Opuratad as designed Sludge racycled with Sludge recycled
na SAT conktrel with 5RT cantrgl
Influsnt EFfluwent Influent Effluent Influent EFFfluant
top (agfe) 580 540 (il 580 520 (1.3}
TEH (mg KfE} 41 39 47 S0 11 LB
Total ¢ (mg Pf2) 11 11 16 15 11 13
Susp solids [wa/t) 240 120 20 2t 260 180
Yolakils Fabty acids .
{2s acetic acid){mg/t)} - - 15 4 4] 44
Rzadily biodegradable
Lo0 (mgfel - - - . a4, 120

Final effluent from
activated sludge plant

(g o-Pfe)} §,7 1,7 2,9
Test duration 141786 - 14f5/85 177786 - 1/10/8?7
Mo of samples iested 150 150 kil o

WOTE : SRT - Sludgs ratention time
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PERFORMANCE OF PRIMARY SEDIMENTATION TANKS WITH
IRTERMITTENT AIR LANCING

The primary sedimentation tanks at the Narthern Works are
rectangular and flat-bottomed (Figure 3.1}. Sludge is scraped into
a hopper at the iniet end from where it is removed. In arder to
prevent methane production in the hopper, ailr lances were installed
and operated for 30 seconds at periods vanging from 3 to 12 times
per day during the storage portion of the operational cycTe. Three
operational procedures were investigated, as depicted in Figure 3.2.

= Air

t— Influent
g

Figure 3.1 : Bide elevation of the prisary sedimentatign
tanks at Northers Korks

EFfluent of—

EXPERINEMT 3.3.1

Storage ftecycle Storage Desiydge

—

EXPERINENT 3.3.2

Storage Storage Recycle Desludge

EXPERINENT 3,3.3

Storage Skorage Storage es]udge

i

] 2% L] 1

Hodrs

Figure 3.2 : The operatien progedure af the primary sedimantation
tanks for three experiments
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3.3.1 S5Sludge Stored and Air Lanced Every Altarnate Day
The primary sedimentation tanks were operated as follows :

At the siart of the cycle all the tanks were desludged completely,
after which sludge was allowed to accumulate for 24 hours.  During
the following 24 hours, sludge was recycled back to the inlet of the
sedimentation tank, This was followed by ancther 24 hour storage
peried. At this stage all the tanks were desludged and the cycle
repeated. Various air lancing cycles ranging from 3; 4 and 6 times
per day, were experimented with during all sludge storage periods,

TABLE 3.2 : PERFORMARCE OF PRIMARY SEDIMENTATION TANKS WITH SEUDEE STORED
AND AERATED INTERMITTENTLY OM ALTERNATE DAYS

Mo azration periodsfd F| ' b 6

Test Frad EFflusnt Fead Efflient Feed Effluent
oD [wa/fé) 50 480 580 430 460 470
TEN [mg Nfe} i 45 L2 43 &0 L3
Total P [ay PfE} 13 13 14 113 B2 12
Susp solids {moff) 260 200 320 150 250 200
Yolakile fakty acids
{as acetic acid){mg/é) L4 B2 60 58 » LB
keadily biodegradable
COoD {ng;"!} a 180 150 140 18 130
Upward velocity {ofh} ¢,.9 0,8 0,8

Effivent F from
activated siudge plant

{ug o-Pj2} d,9 1,5 1.1
Test duratien 26711787 2312/87 101 /88  1ef1fee  12f1788  1%/2fmA
Mo of samples tested 19 19 5 5 (1] 60

3.3.2 Sludge Stored and Aerated Intermittently for Two Consecutive Days
The mode of operation during these tests was as follows :
At the start of the cycle all the sedimentation tanks were

desiudged. For the next two days the sludge was stored and aerated
for 30 seconds every 2 hours,  Thereafter, the sludge was recycled
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back to the inlet of the sedimentation tank for anather 24 heurs.
The tanks were desludged completely and the cycle repeated. The
results of this test are given in Table 3.3.

TABLE 3.3 : PERFORKANCE OF PRIMARY SEDIRENTATION TANKS WITH SLUDGE
STORED AND AERATED INTERRIVTENTLY FOR 48 BOMRS

No aeration periods/d 12
Influent Effluent

£on (mgfe} . Sip 478
XN {l‘lg iiel L5 L7
Total P {mg P/2) 13 14
Susp solids (mg/d) 290 180
Yalatile Fatty acids

fas acetic acidl{mg/t) 3% 52
Readily biodegradable

can (wmgfe) i1 120
Upward valocity (afh) _ 0.9

EFfluent P froa
activated sludge plant

{ag o-Pfe)} 3,6
Test durztion lafafag e6/5/ 88
Ha of sanples tested 27

3.3.3 Sludge Stored amd Aerated for Three Consecutive Days

Initially, all the sedimentation tanks were desludged. Thereafter,
sludge was staored for three consecutive days, during which time it
was aerated every six hours for 30 seconds. The sedimentztion
tanks were then desludged and the cycle repeated. it shewld be
noted that no sludge was recycled during these tests.  The results
are given in Table 3.4,
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TRBELE 3.4 : PERFORWANGE OF PRINARY SEDINENTATION TMIKS NITH SLUOGE
. STOREQ AND AERATED INTERWITTENTLY FOR 3 COMSELUTIVE DAYS

Mo asration perieds/d &

Inflyent EFFluent

cod [mgfe) e 510
N {nq Nf2)
Total P (ng PS2)

Susp solids {mg/fel 430 21
Volatile fabty acids

{as acetic acidl{ag/2) 33 45
Readily biodegradahle :

LoD {mgfe)} 9% 134

Upward veloelty [sfh)
Effluent P From
activated sludgs plant

{ag o-PfE} 2.1
Test duration 27f%f8m 14/ 1188
He of sanplay tested 33 3N

Buring the period December 1987 to Auwgust 1988, the effluent from
the primary sedimentation tanks flowed into three activated sludge
modules, one of which was operated in the Johannesburg process mode
the and the other two, the Bardenpho process.

While the results obtained during the experimental perisd showed
that storage and air lancing every alternate day to Dbe the mest
useful operational mode, subsequent plant observations showed the 48
hour storage regime to be the most beneficial for enhanced
bialogical phosphate removal.

FACTORS INFLUENCING THE PERFORMANCE OF BIOLDGICAL PHOSPHATE
REMOYAL PLANTS
The Role of Substrats

A relationship has been established between readily biodegradable
COD 4in the feed and the phosphorus removal efficlency of an
activated sludge plant (WRD, 1984). During this study attempts
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were made to establish this relationship for full-scale plants.

While alteration of the feed characteristics by primary sludge
recycle {fermentation has proved to have a favourable effect on
biological phosphate remaval) {see Figure 3.3}, an attempt was made
ta establish a mare direct relationship.
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ml'\-\wl ] MMH.WIM—.M
Suspended tolids mg/d

lﬂuibpjykﬁ#¢wiuh{ﬂpfj’*3ﬁ¢'ﬁJKhJWﬂ{]ﬁy+ﬁ1 -

10.0 artho-Phosphate »g F/¢ w3
5,00 .f: A \_’[ftl’\\k”fﬂh “ .
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Figure 3.3 : Ferd and effluent characteristics of the
Northern Works activatsd sludge plants

Effluent phosphate levels were monitored on-line during this study,
thus providing the operator and researcher with an immediate

opportunity to gauge response to alterations in operational
procedures.

Comparison of different plant modules 5 also facilitated by this
technique (see Figures 3.4 and 3.5).
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4 —a—= + Bardenpho Process

O =@ Jhb Process

u . " . a - -
21 Mar B4 I Apr 88
Figure 3.4 : Typical sffluent phusphate concestrations

praduced by similar plants oparsting on
the Johannesburg snd Bardenpho processes

NODULE 1

27 Nay BA 25 Jun 88
Figere 3.5 : Typical effluent phosphate concentratioms
praduced by two similar plants operating
on the Sardenphe Frocess
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As can be seen from Figure 3.4 the Johanneshurg process produced
consistently .Tower effluent phosphate 1levels than the Bardenpho
process. This is probably due to the prevention of nitrate return
to the anaerobic zone, which is accomplished by the Johanneshurg
configuratian,

Madules 1 and 3 performed similarly, which is not unexpected in view
of their identical configurations. The modules are fed from
separate balancing tanks s0 their s5light differences fin feed
characteristics do occur. The modules are cpérated on the same
basis, Readily biodegradable COD and volatile fatty acid
concentrations in the feed were measured and piotted against the
effluent phosphate concentrations (see Figures 3.6 and 3.7).
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Figure 3.6 : Relationchip betusen feed readily hiodegradabls
COD and effluent phosphate conceatrations
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Figure 3.7 : Relationshlp bztueen feed volabile acid
concentraticns and effluent phasphate
concantrations
The lack of a direct relationship between these parameters is

probably not unexpected due to the problems of scale.

It is virtually fimpossible to control a number of variables on a
full-scale plant in the same way that it can be done on laboratory
pilot plants.

Suffice it to see that the favourable effect of the right feed
characteristics an effluent phosphate levels, which is predicted by
laboratory-scale work, was borne out at full-scale during this
study.
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3.4.2 The Role of Suspended Solids in the Feed

Effiuent orthu-phosphate mg o-Bf2

Effluent ortbo-phasphate mg o-P/e

The air lancing of the primary sedimentation tanks caysed a rise in
the feed suspended solids, It was therefore decided to establich
whether the improved phosphate removal could be directly related to

the feed salids. Figure 3.8 reveals the absence of any
correlation,
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EVALUATION OF ON-LINE MONITORING DATA
The Role oFf Redox Potential in the Anaerobic Reactar

A redox meter was positioned in the cegntre of the anaersbic reactor
in a Bardenpho-type process module, The aim was to establish
whether a minimum redox potential must be reached in the anaerobic
reactor if consistently low effTuent phosphate concentrations were
to be achieved. From the results plotted (Figure 23.3), there
appears to be noc relationship.
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Figure 3.9 : Relatienship between redox potential and effluant
phosphate concentratisn

3.5.2 EFffluent Phosphate Concentrations

A Tuesday peak was usually evident, which could either be caused by
a Tower readily biodegradable COD in the feed on a Sunday, or by a
higher total phosphate in the feed on a Monday. Sincé no on-line
facilities wera available to measure these parameters, no
conclusions could be drawn. At present, methods to monitor both
these parameters on-1ine are being investigated.
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On occasions, the effivent ortho-phosphate was below 1 mg o-P/g
throughout the week, while the very next week it exceeded the
standard for a number of days {see Figure 3.10). If the on-line
effluent nitrate data is examinad, there is very littie difference
between the two weeks. One axplanation for the difference in the
phosphate removal is that the sewage feed characteristics are

different, which again points to the need to monitor the readily
biodegradable COD on-line.

1980

artho-Phosphats eg P/t

DRy

Figore 3.190 : Efflusnt phosphate concentration over a
6 day periad in 1980 and ;98H

CONCLUSIONS

. Intermittent aeration by airTancing increases the level of
suspended so0lids in the plant feed. The latter however, does
not appear to have an influence on phosphate remaoval.

. The increased levels of readily biodegradable £OD in the piant
feed promotes improved phosphate removal,

. On-1ine monitoring of redox potential in the anaerobic zone
does not appear to be a useful parameter,
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CHAPTER FOUR
DESIGN CONSIDERATIONS

A R PITMAN

4.1 INTRODUCTIOM

The Johannesburg City Council has operated biological nutrient removal
activated sludge plants since 1973 {Nicholls et al., 1986; Nicholis et
Elf’ 1987; Osborn and Nicholls, 1985; Osborn et al., 1986; Pitman et
al., 1983; Venter et al., 1978). These are either specifically
designed for biological nitrogen and phosphorus removal or have been
adapted to achieve this. The plants range in size from 27 N¢/d to 150
M¢/d and were either designed as extended aeration or Phoredox/
Bardenpha processes. Initial experiences showed that the removal of
nitrogen and phosphorus did not occur as readily as, for example COD
removal, so that considerable research on large scale plants and
process madifications were necessary to be in a pasition to achieve
statutory effluent standards particularly the 1 mgq P/# o-phosphate
Timit. Results of research inta the enhancement of biological
phosphate removal carried out over the past 1D years have allowed
engineers to identify a nuwber of aspects which must be considered in
the design of nutrient remaval activated sludge plants.

In this chapter practical solutions ta design problems experienced
during the research are proposed., This chapter is not intended to
serve as a complete process design guide and readers are referred to
WRC 1984 for complementary information.

4.2 FACTORS AFFECTING DESIGN

4,2.1 Feed Sewage Characteristics

The quality of the sewage fed to nutrient removal activated studge
plants is an important consideratfon in design (Pitman et al.,
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1987). The TKN:COD ratic of the feed can influence the degree of
nitrogen removal. Sewage with a high ratio will not produce gqood
denitrification. Although the discharge of affluents with & Tow
nitrate content is not regquired in most areas of the RS A, the
achievement of denitrification is an important prerequisite for good
phaosphorus removal.

Experience has also shown that when the TP:COD ratio in the feed
sewage increases much above 0,020, complete biological removal of
phosphorus can be difficult and simultaneocus chemical precipitation
is necessary to meet the Standard.

An important sewage characteristi{c which has an overriding effect on
nutrient removal is the readily biodegradable COD {Sbsi or volatile
fatty acid (VFA) content. When the 5b5 or ¥YFA content is high,
biolegical phasphorus removal is easy. MWhen this is Tow, special
care must be taken with the process design. This would dinciude
facilities to increase the Sbs content of the feed, larger anaerobic
zones in the activated siudge praocess and precautions to minimise
nitrate and molecular oxygen entering the anasrobic zone. The high
rate acid fTermentation of raw sewage solids can provide a ready
means of increasing the sbs content of sewage. An important
decision to be made is whether to feed raw or setiled sewage to the
reactor. Although settling can adversely affect the TP:COD and
TKN:COD ratios the Teeding of seitled sewage direct to the activated
sludge process could be inadviszable for large installations. The
negative effects on the above ratios caused by the removal of
primary solids can usually be compensated for by increasing the
Spg content of the sewage {see below). However smaller installations
can usuaily be built on the extended aeration principle by feeding
raw sewage into the reactor.

Primary Sedimentation
Unless the dincoming sewage has favourable characteristics for

complete biological P removal, primary sedimentation is virtually a
necessity in order to retain raw sludge solids so that they can be
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fermented to form additignal Sbs‘ Even with extended aeration
processes, primary sedimentation might be necessary. The design of
these tanks must be such that sludge can be accumulated in them for
extended periods i.e. 2 - 10 days. Adequate storage capacity must
be provided and the mechanical equipment must be reobust enough to
operate on thick sludge tayers. Facilities must be available to
abtain the maximum Sbs generation while minimising any losses that
may occur due to the fermentation of VFA to methane,

In this respect a multiplicity of tanks is preferred over a single
tank as this makes control over the fermentation easier. Once the
Shs has bheen generated it can be added to the process either by
directly feeding the fermented sludge to the activated sludge
reactor [(i.e. pseudo extended aeration)(see Figure 4.1} or by
elutriating the Sbs out of the slﬁdge (Figure 2.3). The latter is
achieved either by recirculaiing sludge to the sewage inlet or by
using elutriation thickeners. These would be raw sludge gravity
thickeners with elutriation facilities. An alternative to using
primary sedimentation tanks for the fermentation of sludge is to use
a separate high rate acid digester [(Figure 4.2).

Load balancing

Balancing the diurnal load on the process can improve and facilitate
operation and reduce capital costs. However it is important to
ensure that the balancing tank is properly mixed to cbviate
settlement of solids and that proper outlet control systems are
provided. The latter should ensure that the tank does ngt run dry
for axtended periocds as this can adversely affect the downstream
nutrient removal process. An additional advantage of a balancing
tank is that it could be used to increase the Shs content of the
sewage by encouraging acid fermentation in it (Figure 4.4). However
it the design of such a tank it is important to minimise aeration af
the sewage i.e. air bubble mixing must not be used. In designing
balancing tanks, cognizance should be taken of these factors and
some method of control should be incorporated. A number of
researchers (inter alia Dold et al., 1982) have made recommendations
in this regard.
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Reactor size and configuration

The size of the activated studge reactor depends on the fezed sewage
characteristics, the design sludge age (R} and the mixed liquor
suspended solids {Kt] concentration. Except for special
circumsiances design X, values should be in the range 3000 -
4500 mg/e. In addition the design aerabfc sludge age sheuld ensure
complete nitrification under the worst winter conditions. In
calculating R5 it should be borne in mind that it is inadvisable to
have the unaerated mass fractior greater than 0,45. This limitation
will then affect the sizes of anaergbic and anoxic zones,

Unless the plant is to operate on the extended aeration, long sludge
age principle, the minimum sludge age to ensure pitrification under
all conditions should be designed for. The minimum R, required can
be found using the UCT model {WRC 1984).

Anzerabic zone

This zone must be large enough to ensure good P removal at all
times. Research on biological P remgval has net reached the stage
where the optimum size of this zone can be calculated from the
usual input conditions., Indigations are that if the sewzge fed to
the process has good characteristics, the zone could have a short
retention period {i.e. 0,5 - 1,0h, based on feed sewage flow
rate). If feed characteristics are not optimum, retention periods
of up to 6h can be considered. However bearing in mind the need
to restrict the wunaerated mass fraction to less than 0,45
anaerpbic retention perieds cannot be extended too far without
affecting amoxic retention periods and hence denitrification. The
anaerpbic zone should preferably be in the semi-plug-flow
configuration,

Anoxic zones
Anoxic zones are necessary to meet any effluent total N limits and

to minimise nitrate feedback to the anaerobic zone which can
affect ® removal. Unless the fesd sewage has a high 5, tontent
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all nitrate feedback to the anaerobic zone should be virtually
eliminated, The major source of nitrate input to the anaercbic
zone is5 the sludge recycle from the fimal clarifiers. In the
conventional Phoredox/Bardenpho process layout (Figure 4.5) it is
usually difficult to contrel this scurce unless the feed sewage
TKN:COD ratio is such as to achieve virtually complste wmainstream
denitrification at all times. In this respect the UCT (Figure
4.6), JHB (Figure 4.7) and MUCT (Figure 4.8) layouts are superior
in that they pass the return sludge through an anoxic zone, thus
creating a barrier to nitrate feedback to the anaerobic zone,
This effectively preserves all the Shs in the feed for use by
excess phasphate accumulating bacteria as it is not preferentially
consumed by denitrifiers.

In the JHE process the sludge recycled from the clarifier
underflow passes on its own through a separate anoxic zone, This
enhances the ~naitregen removal in this  stream as  the
denitrification achieved 4n the <clarifier s usually
insignificant. Denitrificatfon in this zone occurs by endogenous
respifatian and tha nitrate reduction achieved depends on the
endogenous respiration rate, degree of sludge thickening achieved
in the clarifiers and the retention period. Experience in
Johannesburg has shown that up to 10 mg N/¢ nitrate can be removed
from the return sludge in such a zone. Retention periods can vary
between 0,5 and 2,00 in this zone.

As far as the mainstresm primary and secondary anoxic zones are
concerned the reader is referred to the UCT model (WRC 1984) for
information on their process design. However the use of the
secondary anoxic zone shouid be carefully considered, Experience
in Johannesburg has shown that at best this zone will remove a
maximum of 2,0 - 3,0 mg N/¢ so that is is recommended that the
mainstream secondary anoxic¢ Zone only be used in cases where raw
sewage is fed to the reactor or very low effluent total N values
are required. When treating settled sewage nitrogen removal in
such a zone would be very small. If this zone is to be used it
should be pasitioned (if possible} in an area of the reactor where
nitrification is virtuvally complete but the sludge respiration
rate is still relatively high.
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Mixed liquor recycle to the first anexic zone should be flexikbly
designed to give recycle ratios varying between 2 and 6 to |
(based on inlet flow). Excessive oxygen entrainment into this
recycle should be avoided.

4.2.% Aeration

The design of aerobic zones and aeration equipment has been found to
be more important in eutrient removal plants than was at first
thought. Adequate aeration is necessary to ensure rapid phasphate
uptake by bacteria and efficient niteification. It is important to
adequately satisfy the respiration needs of the biomass in all parts
of the aeration zone at all times.

Experience in Johannesburg has shown that the rectanqular aerobic
zanes in nutrient removal plants are not as completely mixed as was
at first thought, despite the large volume of mixed liquor being
recycled through them, Semi-plug flow canditions can exist in these
zones leading ta a distinct respiration rate profile alang their
length. Such zones should thereforz have a tapered aeration system
with more aeration capacity available at the inlet than the outlet
of the zone.

An important decision to be made 1s the choice of aeration system
(i:e. surface aeration or diffuysed ajr}. There are many pros and
cons to each system. An important advantage of surface aerators is
their lower capital cost while diffused air is theoreticaliy more
economical on power. Johannesburg City Council has both systems
operating in nutrient removal plants and Table 1 shows mean yearly
power consumpiions based on COD lgad removed. These results are
based on full scale field experience and reflect some of the
inadeguacies which can occur in the installation and operation of
such systems. As can be seen the Bushkeoppie diffused air plant has
an efficiency in the middle of the range.
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TABLE 4.1 : AVERAGE PROCESS POWER EFFICIENCIES AND SETTILING CRARACTERTSTICS OF ACTIVATED
SLUDGES IN JOHANNESBURG

Works frocess Type heration Power Used 5Y1 DEvI
Systen kwhikg LOD

rampyed néfg mé/qg
Northern PhoredoxfBardenphe  Surface 1,36 180 115
Goudkoppiss Phoredox/Bardenpho  Surface u,92 138 LG
Bushkoppies Phoredex /Bardenphe  O0iFFused air 0,66 5] 50
Alexandra Extandad Aeration Surface 0,58 85 70
dlifants-
vlei Extended Aeration Surface 0,51 84 71

Provided the correct gearboxes are used, surface aerators glve 2
reliable, robust aeration system for these plants. The number and
size of the aerators should be chosen so that significant areas
having Jow & 0 levels or large anoxic zones will not accur when
aerators are turned off to save power during periods of Tow incoming
load. For example, if a total installed aerator power of 220 kW is
necessary it would be better to use 8 x 30 kW units than 2 x 110 kM
units.

Experience in Johannaesburg has shown that the capital maintenance
costs of diffused air systems are higher than was originally
thought, particularly if the claimed better power-use efficiencies
are to be experienced. Also the latier efficiencies under field
conditions are not as high as expected. In addition these systems
appear to be rather more sensitive to inadequacies and defects in
the quality of fabrication materials, and the quality of
installation maintenance and process control,

As can also be seen in Table 1 a possible advantage of the diffused
alr process is that it produces very good settling activated
sludges, Experience at Bushkoppie has shown that the DSVI value of
the sludge has never exceeded 70 mé/g while at Horthern Works and
Goudkoppies values of up to 200 mé/g have been experienced. Hawever
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there are strong indications from the Johannesburg experience that
if diffused air is to be used in the RS A very strict quality
cantrol s necessary aver Tabrication and installation of mechanical
equipment.

Final Clarifiers

Thesa should be designed for the worst tonditions that might be
encountared. For example in surface aerator plants the worst
conditions might be storm flow conditions and & diluted sludge
volume index, DSY¥I of 200 mé/g.

[t 1s recommended that the solids flux theery, in particular the
approach described by Ekama and Marais {1988) be used in the design
of these tanks. In addition circular conical bottom scraped umits
should be used with a minimum side water depth of 3,0 m.

Recycle pumps ¥or return sludge should be designed to provide
racycle ratios (based on inlet flow conditions) between 0,5 and
1,5:7. In addition sTudge withdrawal and pumping facilities should
be able to handle the higher viscasities caused by sludges
containing up to 20 g/¢ suspended salids,

5ludge Bulking

S$ludge bulking has been a probiem which has beset many biological
nutrient removal plants in the R S A (Pitman 1984; Blackbeard et

al., 1986; Blackbeard et al., 1988} Experience has shown that the

growth of activated sludges with high DSVI values can be minimised
by some or all of the following;

. Ensure that aeration system is designed such that B 0 levels can
never drop below 0,5 mg/2 at any place in the aeration zones.
Do not attempt to obtain significant denitrification in asrobic
zongs i.e. do not extend the primary anoxic zgme intoc the main
serobic zone.

. Ensure semi-plug flow conditions exist in the reactor.
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Prevent the growth of scum forming organisms such as Micrathrix

parvicelJa.
Do not increase the unaerated fraction of the process beyond 0,5.
Give preference to diffused alr aeration systems.

Nuisance scums

In addition to bulking sludge, nuisance scums have also plagued many
plants particulariy in the winter months. These scums have causad
aesthetic problems and on escaping from the clarifiers can
contaminate the final effluent. In addition 1f allowed to
proliferate czn exacerbate sludge bulking problems. The main
organisms responsible for the growth of scums have been identified
as Microthrix parvicella and HNocardia, The former s the
predominant scum forming organism on Johamnesburg's plants, A
method of preventing such growths is to ensure that the surface
floating solids or scum layers in the process do not have a longer
retention period than the total solids retention period in the
process i.e. the hold up or accumulation of solids behind baffles
should be avoided.

In this respect the compartmentalisation of the reactor which occurs
in nutrient removal plants can present problems. In addition the
reseeding of the process by scum forming organisms which occurs when
scum removed from clarifiers is recycled back to the inlet of the
plant should be avoided.

Sludge wasting

Although activated sludge wasting via mixed liquor remaval has
become fairly commonplace, problems can occur in the practical
impiementation at full scale. Wasting should be accurately meterad
and controlled. Removal via a hand operated valve and flume,
¥-notch or magnetic meter can present problems s¢ that frequent
adjustments would be necessary to ensure the corract quantity is
removed each day. On large installations full auvtomatic contrel of
sludge removal should be considered. As well as wasting mixed



4.2.10

4.2.11

4-12

liquor, provision should alsc be made to remove underflow studge as
a8 standby facility to reduce the sludge inventory quickly in an
emergency. In addition the design should be such that the flow of
waste sTudge is not impeded for any Tength of time. MWaste sludge
handling facilities should have an almost 100 % availability or
standby facilities should be provided.

Standby chemical addition

Although these processes should be designed to achieve the maximum
biological rempval of phosphorus, standby chemical addition
factlities are frequently reguired by the ODepartment of Water
Affairs and should be provided, This is particularly so if the feed
characteristics are not favourable. Conditions can occur during the
year when process efficiency declines and temporary addition of
chemicals can quickly rectify phosphorus removal.

Qosing systems should be designed to remove at least 50% of the
incoming phosphorus load using the mast dilute precipitant chemical
available on the market. Pravision shouid be available to add
chemicals to various points in the process.

Monitoring and Control

Because of their increased sophistication, nutrient removal plants
require better monitoring and contral than conventional sewage
treatment processes. Also the unreliability and lack of dedication
to duty, of labour has made automatic control far more attractive in
recent years, particularly since with the advent of Programmable
Logic Controllers (PLC's) and Personal Computers (PC's}. Areas
requiring contrel would he :

Flowrates of the feed, waste activated siudge, recycle liguor and
return sludge.

Bissoived oxygen levels in aerobic zanes.

Standby chemical addition.

Oesludging of primary sedimentation tanks and thickeners.
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4.2.12 Sludge treatment and handling

Phospharus rich sludges need to be carefully handled after
withdrawal from the main process to ensure that phosphate release
into so0lution does not occur, or if it does, that it s
reprecipitated back onto the sludge. A1l recycled 1igquers removed
during sludge handling must either have a Tow phosphorus content or
the activated sludge process must have the capacity to handie the
additional load imposed.

Plants in Johannesburg were designed so that primary sludge is
thickened by gravity and waste activated sludge is thickenad 1in
dissolved air flgtation (DAF) units. Recent experiments (Pitman et
ai., 1887) have shown that if the activated sludge process is
operated to give an S¥I of under 100 mg/¢ and effluent nitrate
concentrates below 10 mg N/#, gravity thickening of waste activated
sludge gives comparable results .to DAF units, alse release of
phosphate into the overflow is minimal. Waste sludge from nutrient
removal activated sludge plants is unstable and unless dewatered and
dried quickly can cause odour problems. Stabilisation via digestion
or composting should be considered. Both anaerobic and aercbic
digestion can cause the solubilisation of sludge bound phosphorus.
If necessary this phasphate should be precipitated using ferric
salts or lime. The .Johannesburg Municipality is at present
designing and building planis to precondition digested sludge, prier
ta. dewatering. These will incorporate aeration fo strip cuz and
ammponia and reduce alkalinity; followed by lime addition to complete
the phosphate precipitation.

4,3 REFERENCES

BLACKBEARD, J R, EKAMA, G A, and MARAIS, G v R {1986). A survey of
filamentous bulking and foaming in activated sludge plants fin
South Africa, Wat Pollut Contr, 85, 90 - 160.



4-14

BLACKBEARD, J R GABB, D M D, EKAMA, 6 A, and MARAIS, & v R (1988),
ldentification of filamentous org2nisms in nutrient removal
activated sludge systems in South Africa, Water 5 A 14, 29 -34.

DOLD, P.b., BEHR, H.0. and MARAIS, G v R, {(1982). Design and control
of equalisation tanks. Research Report No W42, University of Cape
Town, Department of Civil Eng.

NICHOLLS, H.A., OSBORM, D.W. and PITMAN, A.R. (1986)}. Bialogical
phosphorus removal at the Johanneshurg Northern and Goudkoppies
Wastewater Purification Plants. Water S A, 12.

NICHOLLS, H.A., OSBORN, O.W. and PITMAN, A.R. {1987). Impravement to
the stability of the biological phosphate removal process at the
Johannesburg Narthern MWorks. Adv, Wat. Poll, Contr. (ed)
R Ramadore, IAWPRC Conference Series, Pergamon Press, London.

OSBORK, D.W. and NICHOLLS, H.A, {1985). Biological nutrient rewoval
in South Africa. J Australian Water and Wastewater Ass, 12, 10 -
13.

0SBORN, D.W., LOTTER, L.H., PITMAN, A.R. and NICHOLLS, H.A. {198&].
Enhancement of biological phosphate removal by altering process
fead composition. WRC Report No 137/1/84.

PITHAN, A.R. [1984) Settling of nutrient removal activated sludges.
Wat. Sci. Tech. 17, 493 - 504,

PITMAN, A.R., YEMTER, S.L.Y. and KICHOLL, H.A. (7983}. Practical
experience with biological phosphorus removal plants  in
Johannesburg. Wat. Sci. Tech, 15, 233 - 259.

PITMAN, A.R., TRIM, B.C. and VAN DALSEN, L. (1987). (parating
experience with biclogical nutrient removal at the Johannesburg
Bushkoppie HWorks. Paper presented at [AWPRC Workshop, Budapest
September 1987.

VENTER, S.L.V., HALLIDAY, J. and PITMAN, A.R. {1878). Optimisation
of the Johannesburg O1ifantsvlei extended aeration plant for
phasphorus removal. Prog. Wat. Tech. 10, 279 - 292.

WATER RESEARCH COMMISSION {WRC) (1984)., Theory, design and operation
of nutrient removal activated sludge processes. Water Research
Commisston, P 0 Box 824, Pretoria, 0001, Republic of South Africa.



CHAPTER FIVE
MICROBIOLOGY

LAURRAINE H LOTTER, LEE A McDDNALD AND LEAH N MELMED

5.1 INTRODUCTION

Since 1975, when Fuhs and Chen postulated their microbiological basis for
biglogical phosphate removal, namely, that the organisms responsible were
capable of atcumulating both polyphosphate and polyhydroxybutyrate,
researchers have investigated these characteristics in activated sludge.

Buchan (1981}, used electiren microscopy combined with energy dispersive
gnalysis of X-rays (EDAX) to examine the nature of the phosphorus
accumulated in sludges from plants exhibiting enhanced phosphorus removal.
Large phosphorus accumulations were located in identical structures in the
sludges examined. The phosphorus was located in large electron-dense
bodies within large bacterial cells, which were characteristically grouped
in clusters. The phosphate released into the mixed 3iquar during
anaerpbiosis was observed to originate from the intracellular
electron-dense inclusions. A combination of light and electron microscopy
was used by Murphy and LBtter {1988), to study ihe effect of different
carbon sources on polyphosphate synthesis and degradation. These studies
were carried out with a pure culture of Acinetobacter calcoaceticus

isotated from activated sludge samples., The phosphate release on addition
of acetic acid under anaerobic conditions, which has bsen reported by a
number of researchers {including Buchan, 1981, and Wentzel et al., 1985)
was also observed in this study, and confirmed Buchan's observation that
the phosphate originated from the electron-dense bodies. Examined under
electron microscopy, these electron dense bodies were observed to coincide
with the metachromatically staimned inclusions seen under light microscopy
(Murphy and Lotter, 1986).
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In an attempt to develop a rapid method for evaluating the potential of an
activated sludge biomass to release phosphate, Healey and Kerdachi (1387},
determined the phosphate released on addition of sodium acetate. In a
sludge where phosphate was being removed chemically, very little phosphate
was released in this manner, thus confirming the bfological mechanism
responsible for phosphate removal.

In conirast to the dynamics of polyphosphate, polyhydroxybutyrate, a carbon
starage material, is synthesized during amaerobic conditions and utilised
under aerobic conditions, as observed under light microscopy by Hart and
Meimed (1982}, and chemically by Lotter (1887).  Wentzel et al. (1886),
hypothesized that the absorption of substrate and its accumulaticn as pely-
hydroxybutyrate is fundamental to the success of the biological phosphate
removal process. The carbon stored in this way is utilised under aerobic
canditions where extracellular biodegradable carbon {5 depleted. The
energy derived from the utilisation of the stored carbon is used for
phosphate uptake and polyphosphate synthesis,

The role of extracellular polymers in bigflocculation has been recognised
for some time (Forster, 1971; Kiff, 1978; Sheintuch et al., 1986). In the
case of biological phosphate remaval it is possible that these polymers
have an additional role to play. In view of the bacterial cell clustering,
which has been reported in plants exhibiting enhanced phosphate removal
(Buchan, 1981; Hart and Meimed, 1982; Osborn et al., 1986}, it is probable
that the polyphosphate accumulating organisms ensure the formation of
clusters by secreting a biopoTymer.

In additien to the phosphate removing bacteria, the so-called filamentous
bacteria, which have the ability to bridge sludge flocs causing the sludge
to settle poorly, may also be present. These bacteria may cause severs
operatignal problems, i.2. bulking, if allgwed to proliferate unchecked in
an activatad sludge system.

5ludge bulking is a world-wide problem and Blackbeard and Ekama (1984), in
a survey of 111 South African activated studge plants, showed that 78 &
experienced either bulking or foaming or both, in various degrees of
severity, Methods to detect filament increase early, bafare their rapid
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and profuse growth has already created a bulking problem, are clearly
essential. Sezgin_et al. (1978); Palm et al. {1980) and lee et al.
{1982}, a1l used the Sezqin et al. {1978) method for measuring the total
extended Tilament length (TEFL) to assess the extent of bulking in
activatad sludge. Because the TEFL measuremant is a very time-consuming
gnd tedious method, they sought correlations between TEFL and various
simplar measures of activated sludge settling, such as SVI and zone
settling velocity, Lee et al. (1983} found that the DiTuted Sludge VYolume .
Index (DSVI), gave the best correlation and least scatter when tompared
with the TEFL, and defined a bulking sludge as having a DS¥I greater than
150 mg/e.

In this Chapter, results of the microscopic evaluation of bath beneficial
and non-beneficial micro-organisms will be discussed. The phosphate
releasing capacity of activated sludge was also evaluated,

Many workers have been using GCY agar (Pike et al., 1972), for the
isolation of bacteria from activated sludge. The suitability of this
medium for the selection of actively metabolising bacteria from activated
sludge, has subsequently been questioned, since this is a particularly
nutrient rich medium which supports the growth of faster growing bacteria
that are passing through the system, but actually play & miner rate in the
plant.

The aim of this experiment was to compare the recavery of bacteria on four
different media. Plate counts on each of these media was then compared
with total viable microscopic counts on the same sample. The bacteria
isolated on the two media with the highest yield, were then identified and
the results compared. The numbar of nitrifying organisms in the sample
was also determined.

5.2  MATERIALS AND METHODS
5.2.1 Filamentous Organisms

Methodology for the rapid identification of the filamentous
organisms responsible for sludge bulking have been developed by a
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number of researchers, inter alia, Eikelboom (1975); Eikelboom and
van Buijsen (1981}; Lee et al. (1982, 1983} and Jenkins et al.
{1984), During this study the filamentous bacteria were identified
using the key developed by Eikelboom and van Buijsen (1981} and
Jenkins st al (1984).

The filamentous organisms present in three and five-stage Bardenpho
units at the Northern Works were examined. lLater in the study, the

Bushkoppie plant was also examined for the presence of filamentous
organisms,

The subjective scoring of filament abundance (SFA) was carried out
according to Jenkins et al. (1984) as shown in Table 5.1 :-

TABLE 5.1
SUBJECTIVE SCORING OF FILANEWT ABSNDANCE
Nugerical Yalue* Ahundance Explanation
H Hone
1 Few Filaments present, but only ohserved in

an occaslenal floc

Song Filanents commonly observed, but not
precent in all flocs

Common Filamente obcerved 1n all flocs, buf at
low density (e.g. 1 - 5 Filawents per
Flae)

Yery commen  Filiasants shesrved in all flocs at sediym
density {e.0. § - 20 per floc}

Ahundant Filanmeénts ebyurved in al] flecs at high
density le.g. 20 per floc)

Exceszive Filamants presant in ell flocs -appesrs
aore Filaments than floc andfor filaments
growing in high abundance in bulk solution

Mote ® ¢ Thin scale from [I te & represents 2 100 — 100D fold
of tatzl extended filament length
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Phosphate Removing Bacteria

Polyphosphate” staining. 51ides of polyphosphate accumulating
Acinetobacter were stained with methylena blue (Fuhs and Chen, 1975
and Neisser staining  techniques  (Society aof  American
Bactericlogisis, 1957), in order to compare their suitability for
this study. Prior to methylene blue staining the slides were fixed
with ethanol. Slides were then stained in methylens blue (1% in
water] for 5 minutes then decolourised for 5 seconds with 1%
sulphuric acid. Polyphosphate appears purple against a blue
background. The Neisser stain consisis of two solutions. The slide
is first stained with a solution containing methylene blue and
crystal wviolet, then after washing, with an aqueous solution of
Bismarck brown, polyphosphate appears dark purple against a light
brown background.

Polyhydroxybutyrate staining. Slides ware stained with a 1%

solution of Sudan Btack in ethylene glycol, followed by washing in
water and staining with a 1% solution of safranin (Gurr, 1973). The
speci{ficity of Sudan Biack for intracellular lipophilic material was
confirmed by extracting intracellular material with chloroform
overnight, then comparing Sudan Black staining before and after
extraction,

Polysaccharide staining, 51ides were stained with Alcian blue for 5
minutes, then washed and flooded briefly with carbal! fuchsin
(McKinngy and Weichlin, 1953}. Bacterial polysaccharide steins blue
in ¢ontrast to the red colour of the cellular material. India ink
was alsc used to demonstrate the presence of polysaccharide.

Mixed liquor samples were taken on a weekly basis and heat-fixed on
micrascope sTides, prior to staining.

Evaluation of Different Madia for the Isolation
of Bacteria from Activated Sludge

Activated sludge samples were taken from the aersbic zone of the
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Goudkoppies sewage works. GCY mediuvm (Pike et al, 1973) and Fuhs
and £hen medium (Fuhs and Chen, 1975) were diluted to a final COD of
353 and TKN of 23. Sterilised balance tank effluent (BTE) and
settled sewage (S55) with similar COD and TKN wvalues were used
undiluted with Difco Ne 2 agar added at 12 g/¢. The activated
sludge sample was declumped and diluted as praviously described
{L6tter and Murphy, 1985), and 0,1 m¢ plated out on each medium.
The plates were incubated at 21 °C and the colonies counted after 3;
5 and 7 days. A medium containing containing sodium nitrite was
used for the isolation of nitrifying bacteria able to grow on
nitrita. 0,1 mé of each dilution was plated out as before, and
then incubated aerobically at 21 °C for & days. The isclates
obtained on diluted Fuhs and Chen ([DF&C) and diluted GCY ({(DGCY),
were identified using fluorescent antibady and API techniques as
previously described by Létter and Murphy {1985}. Polyphosphate
accumulation by each isolate was examined using the Neisser stain
(Society of American Bacteriologists, 1957),

The dilute GEY medium was compared to the BTE medium in & subsequent
test. The effect of replenishing the medium with fresh nutrients
daily was investigated by treating the mixed liquor sample in the
usual way, then filtaring the suspension through 0,45y filter and
placing the ¥ilter on BTE agar. The experiment was carried out in
duplicate.  One membrane was allowed to incubate at 20 °C for §
days, while the second was placed on frash BTE agar every day for 5
days. After 5 days, colonies were individually plated onto GCY
agar and incubated at 35°C for 2 days. Colonies were then
identified.
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Comparison of Identification Techniques

During this study a new test kit for the identification of Gram
negative bacteria became available, The Microbact {1988)
identification kit, as it is called, compared favourably in price
with the API system then in use, It was therefore decided to

_compare the two systems.

Twenty c¢alonies {solated from an activated sludge plant were
identified using both systems. The nitrate reduction test of both
systems was compared to the standard Nitrate Agar Slant test (Difco,
1957}, The oxidase test was done separately.

Phosphate Releasing Capacity of Activated Sludge

Mixed liquor samples from the aerobic zones of the activated sludge
plants at Morthern Works and Goudkoppies, were taken and divided in
two. One portion was centrifuged for 10 minutes at & 500 g.
The superpatant was filtered through a Whatman 541 filter and
analysed for orthophosphate. Acetic acid to a concentratian of
1000 my/¢ was added to the second portion, which was then allowed to
stand gvernight without aeration. The mixed Tiquor was then
centrifuged and the supernatant treated as described.

The phosphate released was expressed as a percentage of the soluble
phasphate present before Acetate addition. The sludge samples were
microscopically examined for polyphosphate inclusions prior and
subsequent to acetate addition.

RESULTS AND DISCUSSIONS
Filamentous Bacteria

The results of the survey carried gut during 1986 and 1987 are shown
in Tables 5.2 and 5.3. The correlation between the presence of the
filamentous organisms and various operating parameters are shown in
Figures 5.1 and 5.2.



5-3

TABLE 5.2

FILAMENTOUS ORGANISNS IN WORTMERE WOWKS RODULE 2

fnka Observations SFA Aenarks
1908
Wi - 82 Fitsments QBLL and D0%2 domimant - 2 fio tulking
no bridging. Filaments oenly in
ths flec
shfh - 15fR Types 0041 and 0U9Z dominant - 3 Ho bulking
suRe bridging present
1575 - 1ofn Microthrix parvigella increasing
MWicrothrix parvicella dominant & Bulking
o g - 20411 Aicrothrix parvicella deminant - 7 Severe bulking
bridging present
Reavy rain & heat 28711786
1987
1/12{86 - 16/1 0092 dominant - 1ittle bridging 3 Ko bulking
2871 - 24§13 00&] dominant - np bridging #o hulking
041 - 18 0803 deminant - na bridging P fo bulking
14/% - e 0803 and 004} dominzat - ne bridging 2 o bulking
1508
16710797 - 2113 803 dominant - na bridging i Ko bulking
TABLE 5.3
FILANENTOUS ORGANISNS IN NORTHERN NOSKS NODILE 3
[FIVE-STAGE SARDENPHO)
Date Obsarvations 5FA Aemarks
1988
1/ « 3% Types 0041 and QD92 deainant - 2 No bulking
soA¢ bridging present
1/6 - I0/5 Q041 end 0092 daminant -
Nicrothrix parvicella increasing & Bulking
1o~ M1fBT 0041 dosinant - bridging present " Bulking
1987
16/l - 9/2 1701 doainant - little bridging 1 No bulking
18/2 - 24/3 0041 dominant - little hridging 3 o bulking
anfy - 13f7 0803 deminant -
Ricrothriz parvicella increasing
somd bridging 3 Ho bulking
2N - LEf1D Wicrathriz parvieella dominant -
bridging presant b Bulking
1988
L1f12f8y - 2173 0403 dominank - little bridging k| Ho bulking
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In Module 2, bulking was experienced between Apri) and December
1886. In January 1986, primary sludge recycling commenced. The
detention time of sludge was stabilised at Ffour days during April
1986, at which time the 5VI values started to increase. Bulking
continued until January 1987, when the satisfactory effluent
g-phosphate levels which had been achieved during the bulking
period, started to deteriorate. Phosphate removal remained poor
during the greater part of 1987, and the filamentous populatian
thanged from Microthrix parvicella domination to filaments 0041 and
0803 being the most abundant. During the same period that bulking
was experienced in Module 2, S¥I wvalues in Module 3 started to
increase, Bulking continued for the same period as Module 2, again
coincident with satisfactory phosphate removal.

In contrast to Module 2, Microthrix parvicella was not the dominant
organism. Filaments 0041 and 0092 dominated the population, which
altered to 1701, 004] then 0803, after bulking had ceased.  During
July 1987, Microthrix parvicella agafn made its appearance and SVI
values rose from 100 to above 150 m&/g by the end of Septemter.
Phosphate removal improved dramatically during Gctober 1587, with no
‘concomitant increase in SYI values. Microthrix parvicella and
Titaments 0041 and 0092 were observed to be the most abundant
filaments in South African nutrient removal plants in 2 survey by
Blackbeard et 21., (1986).

Previcus experience at both the Morthern and Goudkoppies Warks has
shown that SVi's can be radjcal]y reduced from 300 - 400 down o
about 100 mé/g even under winter conditiens, by increasing the
number of aerators in eperation (Melmed et al., 1986). Even better
results {S¥I's 70 - 80 mg/2) have been achieved at the Bushkoppie
Works, which operates on a three-stage Bardenpho process using
diffused air for aeration. In this case, the sludge is kept
totally aergbic from the time it leaves the initial and only, anoxic
zone, uwntil it reaches the final clarifiers,

Nostocoida limicola IT dominated the population of Bushkoppie Module
1 for some time, later being replaced by filaments 0041 and 0803.
The numbers of these organisms did net rise to Tevels sufficient to
cause bulking during this survey. Module 3, which was only
commissioned during 1987, showed 2 similar pattern (see Figuras 5.3
and 5.4).
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£.3.2 Phosphate Removing Bacteria

Staining Te:hﬁiques

The compartson between the two staining technigues s shown in
Figures 5.5 and 5.6. The Neisser stafn appeared to provide a
¢learer indication of palyphosphate presence and was used throughout
this study.

The comparison of ceils stained with Sudan Black, before and after
¢chloroform extraction s shown in Figures 5.7 and 5.8,

Occurrence of Polysaccharide

Staining with India ink was found to be satisfactory when large
amourts of polysaccharide were present {see Figure 5.9). However, in
the absence of significant amounts of polysaccharide, the stain
provided very 1ittle information. Alcian blue on the other hand,
provided more detailed information on the occurrence of the
polysaccharide and cell worphelogy. Polysaccharide appeared in
extended aeratfon plants only in association with filaments (see
Figure 5.10). In the three-stage Bardenpho plants, polysaccharide
production clearly occurred in the aerobic zone as evidenced by the
large amounts of polysaccharide associated with cell clusters (see
Figure 5.11), The Alcian blue staining procedure 2llows the cell
clusters to be observed. However, the characteristic blue staining
due to polysaccharide is not as evident in the anaercbic zone (see
Figure 5.12), Polysaccharide encapsulation of the cell clusters was
much more apparent in the Goudkeppies plant than the two Narthern
Works modules, The more prongunced ¢lustering in the Goudkoppies
plant is probably as a result of the abundant polysaccharide.

The relationship between polysaccharide levels in the Northern Works
plants and effluent phosphate and influent Shs are shown in Figures
5.13 and 5.14.
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Palyhydroxybutyrate Metabolism

Polyhydroxybutyrate (PHB) accumulation takes place inm the anaerobic
zone as demonstrated by tha abundant inclusions observed in
anaergbic  zone clusters, compared to the agrobic  zone.
Pelyhydroxybutyrate inclusicns were conly observed in filaments in
the aerobic zone during this study, Typical examples of
polyhydroxybutyrate inclusions are shown in Figures 5.15 and 5.76.

The accumulation of polyhydroxybutyrate in the filaments uonder
aerobic conditions, in contrast to the behaviour of the poly P
organisms, is not unexpected. The filamentous hacteria do not
actively metabalise substrate under anaercbic conditions and are
unable to absorb their preferred substrates, namely, long chain
fatty acids, which can be converted to polyhydroxybutyrate. The
presence of these inclusions in the aerobic zone filamants would
inflate the results obtained by chemical analysis of PHB in the
sludge, thus complicating the interpretation of the results., In
this case, the value of microscopic evaluatian is evident.

Polyhydroxybuiyrate metabolism in the anaerobic and aerobic zones,
was evaluated by expressing the number of cells containing
inclusions in the anaerobic zgong as a percenizge of the total cells,
and comparing this value to that obtained in the aerabic zone to
e@stimate the amount of PHB utilised under aerobic conditions.
Figure 5.17 shows the affect of PHB metabo)ism on the phosphate
levels for the Goudkoppies plant, from October 1986 to April 1987,

Until March this plant received sewage containing high levels
{greater than 200 mg/#) of volatile fatty acids. The periods of
satisfactory phesphate removal (effluent Tess than 1 mg P/2} were
ctharacterised by large cells occurring in well-defined ¢lusters.
More than 75 % aof the ceils contained FHB inclusions and at least
half the stored PHR was utilised in the aerobic zone. (Figures 5.18
and 5.19)
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Figurs 5.5 : Pelyphosphate containing
Acinetobacter cells stained with
nathylene hlue
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Figura E.? t Acinetuhactnr cells
containing polyhydroxybutyrate
stained with Sudan Black

Figure 5.6 : Polyphosphate centaining

Acinetobacter cells staimed with

Naiszer stain

Figure 5.8 : Cells showa in Fig 5.7
after axktraction with chlorcforas and
staining ulth Sudan black

Figure 5.% : Large cluster of cells

surrounded by palysaccharide stainad
#ith India Ink, in the aerobic zone

of the fioudkoppias plant

Figure 5.11 : Gell cluster with some
palysaccharide in the snaecobic zone
of the Goudkeppies plaat

FLgurn 5.10 : Fulrsaunharide nnnta1n1ng
filaments in an extended aeration plant

Figure 5.12 : Polysaccharide encapsu-
lated cluster in the asrcbic zone of
the Goudkappiss plant

Figure 5.15 : Fnlyhrdrnxrhut}ratn
inclusion in poly P cells in the

apaervhic zane of Goudkoppies. MNote the

ahseace af inclusions in the Filament

Figure 5.16 : Polyhydroxybutyrate
inclusions in paly P zells in the
anaeroabic zons of Rorthern Works Module
2 during a perisd of satisfactery
phosphate rescval
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Periods of unsatisfactory remaval, particularly the very poor
performance exhibited in March and April, were characterised by poor
storage in the anaerobic 2zone, While wtilisation in the aerobic
zone remained fairly satisfactory, the poor anaerobic storage
appeared to adversely affect the utilisation.

From April 1987 until the present, thiz plant has maintained
phosphorus removal at below 1 mg o-P/2. The microscopic evaluation
reflected this situation.

Figure 5.20 depicts the correlation between influent volatile fatty
acid levels, effluent phosphate Jevels and FH8 metaboiism for
Horthern Works Modute 3, which is operated in essentially the same
way as Goudkoppies. A significant difference {s tha influent
volatile fatty acid leve), which seldom rises above 100 mg/&. The
presence of volatile fatty acids in the influent is however, not in
{tself sufficient to ensure satisfactory PHB synthesis under
anaerabic conditions, as shown by the poor synthesis observed until
March. PHB synthesis impraved in March and continued inte April,
but did not coincide with satisfactory effluent phaosphate lavels in
the latter month. Utilisation of PHE in this plant did not at any
stage reach the high levels observed in Goudkappies. In contrast to
the consistency of microbiolegical evaluations in this plant, the
three-stage Northern Works Module 2 showed greater fluctuations in
PHB utilisation and synthesis (see Figure 5.21}.

As for Module 3 the {nfluent volatile fatty acid levels very seldom
exceeded 100 mg/e. Again, no direct correlation betwean volatile
fatty acid Jevels and PHE synthesis was observed, although
satisfactory effluent phosphate levels coincided with good PHB
synthesis under aerobic conditions. This plant did, on a few
occasions, achieve the high PHE synthesis and utilisation levels
observed in the Goudkoppies plant.
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While microscopic evaluation of the plant cannot be used to predict
failure, the  technique has value as a diagnostic taol. Poor
synthesis of PHB in the anaerobic zone can be caused by insufficient
volatile acids, nitrate entering the zone {Ldtter, 1087), or
possibly, low abundance of poly P bacteriz.

A rapid microbiological evaluatien demonstrating poor PHB synthesis
could indicate additional parameters to be tested. Poor utiiisaticn
in the aerobic zone is most Tikely to be caused by j$nsufficient
aeration. Low oxygen levels cause a build-up of NADH which is a
powerful inhibitor of PHB degradation (Lotter and Dubery, 1987).

More recent results showing the relationship between influent Shg
effluent phosphate and PHB metabolism are given in Figures 5,22 and
5.23.

Palyphosphate Metabolism

The accumulation of polyphosphate in the aergbic zone and its
degradation under anaerobic conditions, has been reported by a
number of researchers {including Buchan, 1981; Murphy and L@tter,
1986}, The large, well-defined poiyphosphate containing clusters
typical of satisfactory phosphate removal, were observed during this
study (see Figures 5.24 and 5.25).

Disintegration of the clusters and significant reduction in cell
size characterises periods of unsatisfactory phosphate removal.
During unsatisfactory phosphate removal, the oval coccoid type
celts, typical of phosphate removing activated sludge, continue to
dominate the Goudkoppies biomass (see Figure 5.26), while the
clearly defined biomass structure is no longer presemt in Northern
Works Module 3 {see Figure 5.27}.

Poly P cells are wvisible 1n an amorphous non-polyphosphate
containing biomass. The large empty ¢ells, normally visible in an
anaerpkit zone during satisfactory phosphate removal, are shown in
Figure 5.28. Figure 5.29 shows clusters of empty and polyphosphate
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7illed cells in the anaerobic zone of Goudkoppies, when phosphate
removal had started to fail.

Similar to the way in which the polyhydroxybutyrate results were
expressed, the number of cells containing polyphosphate inclusions
in the aetobic zone wWere expressed as a percentage of the total
number of cells. The polyphosphate degradation was expressed as the
percentage reduction in the number of cells containing paly-
phosphate.

Large clusters with more than 75% of the cells containing
polyphosphate, dominated the biomass during periods of satisfactory
phosphate removal, Anaerobic phosphate release was also high.
Phosphate release was practically undetectable at the end of March
inte April, Polyphosphate storage was alse low during this period
(see Figure 5.30).

Poor  phosphate  release appears to coincide with  poor
polyhydroxybutyrate synthesis, as can be seen by comparing Figures
5,30 to 5.32 with Figures 5.17, 5.20 and 5.21, thus lending credence
to the hypothesis of Wentzel et al, {1986}, who state that phosphate
fs released under anaerobic cenditions, to reinstate the proton
motive force dissipated by the uptake of acetate.

Very few large cell clusters were obszerved in Northern Works Module
3 during the first part of "this study and very little phosphate
release was observed (Figure 5.31}. These observations were
indicative of a non-phosphate removing biomass, as evidenced by the
high effiluent phosphate Jlevels. Polyphosphate storage improved
during the second period of the study, but never attained the levels
observed 1in Goudkoppies. Phosphate release also improved and
effiuent phosphate levels decreased.

Northern Works Module 2 showed essentially the same pattern of
polyphosphate metabolic behaviour relative te effluent phosphate
levels (Figure 5.32). As with polyhydroxybutyrate microscopic
evaluaticn, polyphosphate assessment c¢annot be used predictively,
but c¢an be used in conjunction with polyhydroxybutyrate as a
diagnostic tool.
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Figare 5.1B : Pely P cells eapty of Figure 5.19 : Reductiom of polybydrony-
polyhydroxybutyrate in the asrobic zome butyrate inclusions in the aerobic zone

of Northern Yorks WModule 2 during a of Goudkoppies. Filaments containing
period of satisfactory phosphate reaoval polyhydraxybatyrata

EE?:ﬁT {{ﬂ; . e g
Figore 5.2% - Large poly P cluster
coataining polyphesphate in the
Geudkoppies aersbic zene

Figure 5.28 1 Large poly P cluster
esntaining polyphespbate in Northern
¥orks Module 2 aerehic zome

reduction in size of polyphosphate containing cells in swall groups in
containing cells. Gondkeppies aerobic auorphous biomass. MNocthern Morks
oM Module 3 aerobic zome

Figure 5.28 : Large calle |lpty~Qf

polyphosphate. Gondkopples anaerobic
Ione

Figere 5.2% : Large empty and poly-
phasphats containing cells., foudkoppies
anaershic zone
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Figure 5.30 = The effect of phosphate release [A) im the anaerobic zene and polyphesphate
storage [B) im the aerohic zone om efflwent phosphate levels - Goudkoppies

fEY :

Phosphate Raleass Polyphesphate Storage

1  10% raduction in cusber of calls 1 25X ¢ells contain poiyphosphate
containing polyphusphate 2 25-75% cells contain palyphosphate

2 10-25% redyction in nusber of cella 3 75X ca2lls contain polyphosphate

centaining polyphosphate
1 2T reduckion im nesher of cells
containing polyphesphate
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and polyphosphate storage (B} in the aerobic zone on effluent phosphate
levels - Morthern Works Nodwle 3
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More recent microscopic evaluation revealed the same trends {see
Figures 5.33 and 5.34).

Bushkoppie Works Start-up

Microscopic examination under low magnification (125x} revealed that
the bacterial flora were initially restricted to a few clumps
sparsely distributed within the sewage., A high rate of cell
proliferation resulted in much Tlarger clumps and bridging by
filaments appeared within a week.

Within two weeks the typical activated sludge floc had formed. The
structure of the floc was studied in more detail at a higher
magnification {1250x}. Very little diffarence was observed between
the three zones in the first week, although small polyphosphate
containing cells staried to develop around the edges of the flacs.
After two weeks, distinction between zones became pbssible.

The cells in the anaercbic zome remained small and contained little
palyphosphate, The anaxic zone cells contained larger granules.
This trend continued into the aerobic zone where the cells and
granules were larger and more cells contained polyphosphate. Within
a month, ¢lusters of cells were becoming well-defined in all zanes.
Subsequently, all three 2ones contained large cells appearing in
well-defined clusters with the storage of polyphosphate in the
aerobic zong resulting in cells three times larger than those in the
anaerobic zone. During this pericd the effluent phosphate ievel had
decreased significantly, and towards the end of September had
decreased ta below 1 mg a-P/8, Figure 5.3% depicts the effect of
the polyphosphate behaviour on effluent phosphate levels. In
October however, the average cell size in all the zones suddenly
decreased dramatically, a phenomengn which coincided with a period
¢f poor phosphate removal.

Phosphate release in the anaerobic 2one and uptake in the aerobic
zone still pccurred, but the size of the cells was not sufficient to
reduce phosphate levels to below 1 mg o-F/82,
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Ho explanation for this dramatic change and the subsequent return to
efficient operation in November, was apparent.

The Bushkoppie plant was subsequently monitored from October 1986,
Figure 5,36 depicts the effect of poiyphosphate behaviour on the
effluent phosphate levels, The plant's performance remained poor
until February 1987, when the sewage with high volatile acid ievels
was diverted from Goudkoppies. Phosphate release  improved
dramatizally and significant amounts of polyphosphate were stored,
causing the effluent phosphate level to decrease to below 1 mg
o-P/2.

In Dacember 1986, & second module of Bushkoppie was commissioned
using waste activated sludge from the first module a3 inoculum. The
diversion of sewage from Goudkoppies affected this modele in the
same way as ModuTe 3, and satisfactory phosphate removal was
achieved {see Figure 5.36)., Both these modules have continued to
maintain an efflueent phosphate level of less than 1 mg o-P/¢.

Evaluation of Different Media for the Isolation
of Bacteria from Activated STudge

The plate counts obtained on the different media after incubation
for 3; 5 and 7 days are g¢iven in Tables 5.4; 5.5 and 5.6.

TABLE 5.4
PLATE COURTS DUTAINEC 04 THE FOUR MEDIA AT DIFFERENT
DILUTIONS AFTER THREE DAYS OF INCUBATION AT 21 °C

Hedius Dilution
-3 =5 -3 ~f
DaCY =500 &2 3 e
* 500 4e g 0
DFEL > 500 i 0 o
> 500 b2 0 a
BTE > 500 0 0 0
260 20 ] 0
55 2¢ z 1] ]
130 H ] ]




5-30

The dilute GCY medium gave the highest counts. GCY agar has
previously been recommended as the medium giving the highest plate
counts for activated sludge samples (Pike et al., 1972), The total
relatively small increase in counts for the lowest dilution on this
medium, after an additional 2 to 4 days incubation, indicates
substrate depletion at this caoncentratien,

TABLE 5.5
PLATE COUNTS OBTAIMED ON THE FOUR NEDIA AT DIFFERENT
DILUTIONS AFTER FI¥E DAYS OF INCUBATION AT 21 *C

Nediun Dilutien

| -5 ] -b

CG&CY =500 > 500 19 1
> 500 > 500 1% 3

OFEC > 500 25 2 1}
»500 Jan 2 1}

BTE =500 260 'y 0
>500 185 2 0

55 260 2 ] ]
130 s Q ]

TABLE 5.6

PFLATE COUNT OBTAINED O THE FOUR WEDIA AT DIFFERENT
DILUTIONS AFTER SEYEN DAYS OF INCUBATION AT 21 oC

Mediun Dilutipn
-3 -k -5 —b
OGLY =500 *>500 19 1
> 500 > 500 11 3
OFEC > SQ0Q > 500 ? f
= 500 > 500 8 ]
BTE > 500 Z60 3 0
> 500 2 Z 0
5% 260 i 0 o
139 2 1 i}
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The Tower figures obtained for the Towest dilution on balance tank
effluent after the Tonger incubation period, appear anomalous.

Balance tank effiuent counts differed only slightly from the counts
obtained with dilute Fuhs and Chen medium. Settled sewage appearad

to be a very poor medium for the isolation of colonies (see Table
5.71.

TAALE 5.7
YIABLE PLAVE COUNTS UM DIFFERENT MEDIA
AFTER FIVE DAYS

Hadium Yishte Plaks Lount
CFU/mé
]
DGLY 1,5 & 1115
DFEC 3,6 = 105
BTE o mt;
55 - £,0 x 10

The mixed liquor sample was also examined microscopically for viable
bacteria using the Acridine Drange technigque. 2,03 x 1ﬂa bacterial
cells were counted with a viability of 98,8 %. These results
indicate that none of the media investigated isolated the total
bacteria present in the sample.

In an attempt to approach this total, nitrifying bacteria were
isolated (see Table 5.8).

TABLE 5.9
VIABLE COUKYS OF NITRIFYING BACTERTA

Medium VYiable Plats Count
centaining CFYfad
Araoniun 6.0 x lﬂ;
Nitrite 1,2 « 105
Total i,5 =z 10

The addition of these bacteria to the highest fotal in Table 5.7
§t111 does not approach the Acridine Orange total. The composition
of the twe synthetic dsolation media did not influence the
population diversity significantly {see Tables 5.9 and 5.10)}.
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TMILE 5.9

Bagterium

Fercentage gf total

Acinwtobacter calcoaceticus

var Fwaffi

#Achromobacter spp

Asromonas spp

BordstellafAlcaligenns

COY¥ VEZ
Pseudomonas

i
134

£ ol
—

g = = =
Peir T -

TAHLE 5.10

FOPULATION COMPOSITICH ON BILUTE

FUHS AND CHEN MEDIUM

Backarium

Fercentage af total

Acinetobacter calcoaceticus

var LwefFi

Achrpnpbacter spp
Rercmornas hydrophila

Bordetellafdlcaligens

GDY VEZ
Pseudawonas
Gras positive

3
8,2
5.3
5.5
6.9

37
1.4

TABLE 5.11

POPULATION CONPUSITION ON DILUTE GCY AND BTE MEDIUN

Percantage of Total

Bacteriua
GLY {25x dilete) agar BIE agar

Gram positive (discarded]) 4,55 6.38

Hs growth 6,53 4,26

Gram negative :

Heraxella spp 2.8 25,5

Alealigenes fazcalis ig,18 5.5

derompnas hydrophila 4,559 14,89

Flavabacteriun zpp 13,63 §.51

Psaudononas spp
Ps-fFluorescens 2,27 26
Fs.diminukta 4,55 9,09 ' ]
Py.cepacia 2,27 -

Yibrio spp : 6.81 -
i.parahaenniyticus - 9,08 2,14 6,42
Y.alginolyticus 2,77 214
V.cholera - 2. 1%

Acinetobacter calcozcaticus

var luwaffi - 2,14

hctinobacillus spp b5 -

Pastearzlla spp 4,55 -

190, 0 10a,0
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The population compositions with dilute GCY and BTE medium, are
shown in Table 5.11, The total plate counts were 4,4 x mg EFU/me
and 4,7 x 10° CFU/me respectively.

Individual colonies were replated onto dilute medifa but did nat
flourish and organisms such as Pasteurella spp and Acinetobacter spp

normally observed on GLY were not detected in high numbers in this
study. Examination of Tabkle 5.11 reveals that significant
differences in population composition are obtained with the two
media. The propensity for polyphosphate accumulation was alse not
affected by the synthatic isolation medium (sse Tables 5.12 and
£.13).

TABLE 5.12
POLYPMOSPHATE ACCUMULATION BY ISQLATES
ON FUBS AND CHEXN WEREUN

Bacteriup Percentege ac¢usulating
palyphosphate

Acinetobacter calcoacetices

var lwoffi Sk
Achromcbhacter spp Nil
Moraxella spp k|
BordeteilafAlealigenes 6
Fastsurslls spp Kil
Fseudonanas spp a7
Gran pasitive kil
TABLE 5.13

POLYPHOSPRATE ACCUMULATION BY ISOLATES
O® DILUTE GCY MEDIDN

Bacterium fercentags accumulating
polyphosphate

Acinetobacter caleooacetices

var lwoffi Y|
Achromobacter spp il
Aeromonas hydrephila 8
Borgetsllafhicaligenes 12
cov ¥i2 Nil

Pssudomonas 12
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The total plate counts obtained with constant nutrients for five

days and dai 1y nutrient replenishment are given in Table 5.14,

TMOLE 5.1%
TOTAL PLATE CONNTS MITH NUTRIENT
REPLENISHED AND UMREPLEMISHED REDIA

Tatal Plate Count
Hedivm CFUfme
1 2

g
Replenished daily 4,80 x 100 4,15 x 10

Unraplenished 4,65 lﬂg 5,45 » lug

The lower counts obtained with replenished mediz could be as a
result of growth being retarded, while bacter{a adapted to the fresh
medium,

The popuiation compositions for these two procedures are given in
Table 5.15.

TABLE 5.15
CONPARTSON OF BACTERIAL POPBLATIONS WHEN (A} WUTRIENTS
RENAIN CONSTMNT FOR 5 DAYS AND (B} WMTRIENTS ARE
FRESHLY REPLACED DAILY EOR 5 DAYS

Farcentage of Tatal

Bacterium
A B

Gram pasitive [discarded) 10,47 11,08
Ne grawth after inocolation a L.0G
Gram positive :

Acinetobacter spp 1,85 5,47
Alcaligenes spp 23,058 14,29
Actinobacillus spp 2 bt 3,7
Aerogaonas hydrophila B, 48 13,42
Flavobacteriom spp 12,6k a7
Muraxella spp 16,72 17,29
Pasteurella spp .14 9,47
Pseudononas spp 11,10 9,4
Yibrio spp 4,06 4,00

100,90 100,40
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As can be seen from Table 5.15, certain bacteria are favoured by
daily nmutrient replenishment, while others are inhibited.

Comparizon of Identification Technigques

The identification of the twenty bacterial c¢olonies obtained with
the two systems is shown in Table 5.16,
TABLE 5.16

COMPARIZON OF API JOEMTIFICATION TECHMIQUES
AND WICROBACT TBENTIFICATION SYSTEN

Sagple No API Identification Microbact ldenkification
3 Faeudomonas app Pz fluorescans
5 Alcaligenes spp A faecalis
] A lwoffi A lwofFi
12 A luoffi A lwoffi
13 Enterobacter agglomerans E agylamerans
1% Pseudomonas cepacia Ps cepacia
1% deromonas hydrophila A hydrophila
14 ®lubsiella vxytoca K oxytoca
26 Cedecia spp Psepdononas spp
27 Flavsbacteriun spp Flayohacksrlum spp
28 Maraxalla spp Maraxella spp
L ficaligenes spp 4 Fascalls
20 4 lwoffi A lwoffi
34 Pagteurella spp _ P hasanlytiea
35 Yanthomonas maltophilia Xanthomonas saltephilia
37 Pr fluorescens Ps fluorescansg
bh Fastouralla spp P haemolykica
45 Klebalalla spp K bxytoca
57 Fs capacia Ps cepacia
58 Moraxella spp Noraxella spp

The comparison of the nitrate reduction tests is given in Table
5.17.

Ninety five percent of the samples shown positive by the standard
nitrate agar test were found positive by the Microbact system, in
contrast to only 80 % far the API test.

From Table 5.16 it i5 clear that the APl and the #icrobact
identification systems generally provide the sams identification.
It can also be noted that the Microbact system seems to be more
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species specific in certain cases. The anomaly with sample 26* ig
more than 1ikely due to experimental error such as the inoculation
of the systems using a mixed or contaminated culture.

TABLE 5.17

CONPARISON DF MITRATE REDUCTION USING
API, RICROBACT AND NITRAFE AGAR SLANTS

Sanple Mo Ritrate fgar AP I Hicrobact

K| +
8 -
]
12
13
15
18
15
26
e?
28
29
30
A
35
37
L
45
57
58 - -

LI
| I

P+t + + + + 1 1
i+ + + 1 + % ¥ |

3
t

A I L
[T
+

L]
*r + + +

Key + + = positive
- = negative for nitrate reduoction

Table 5.17 shows that the Microbact nitrate reduction test is more
reliahle than the APl nitrate reduction test. The nitrate
reduction test does net always affect the identification procedure,
but when interested in these properties, this would be a problem.

The oxidase test on the other hand, does not affect the
identification of the organism. The AP] oxidase test has been
shown to be unreliable and since the Microbact system does not cater
for the oxidase test, this test must be done separately, thus giving
a more reliable result.
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The Microbact system has 24 tests (excluding the nitrate reduction
test, which 1s done in the ONPG well), in contrast to the 20 tests
of the APl system. The Microbact system appears to be more
reliable and mare species specific than the APl test. In view of
the lower cost, this system is now used routinely.

The dilute GCY gave the highest viable plate count. GCY agar has
previously been recommendad &s the medjum giving the highest piate
counts for activated sludge samples (Pike et al., 1972}, The total
count degermined microscopically by the Acridine Orange method was
1,7 = 107,

Phosphate Releasing Capacity of Activated Sludge

Significant differences in the average phosphate released by the
sludge from the three plants were observed (see Table 5.18),

TABLE 5.18
AVERAGE PHOSPHATE RELEASE TEST YALUES

Plant Phosphata release (%)
korthern Works Hodele 1 q7
Kartharn Works Module 3 M
Goudkappliee 121

As has been previously observed, complete release of intracellular
patyphosphate could not be achieved {Ldtter, 1985). The amount of
phasphate released does not appear to be solely dependent on the
amount of polyphosphate in the floc. See Figures 5.37 to 5.39).
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Phosphate release has been shown to occur as a resylt of substrate uptake
under anaarochic conditions (Wemtze! et al., 1985; Wentzal et al., 1986).
The different relsase abilities of the sludge may therefore be linked to
their substrate absorption capacity.

During the period of study, Goudkopples effluent phosphate levels were
maintained at zero and both Northern Works modules performed poorly, while
no direct correlation between effluent phosphate levels and phosphate
releasing capacity could be observed (see Figures 5.40 and 5.41).
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The higher average phosphate releasing capacity observed for the efficient
phasphorus removal plant at Goudkoppies, providas a stimulus for further
investigation.

Wentzal et al. 1985, observed a linear relationship between anaerobic
phosphorus reiease and aerobic uptake. Further manipulation of the data
could well refine this test into a simple useful parameter.

5.4  CONCLUSIONS
5.4.1 Filamentous Organfsms

Sludge bulking observed at the Johanneshurg Merthern Works plant s
caused by Microthrix parvicella.  Results have shown that bulking
can be controllaed in nutrient removal plants, by supplying adequate
zeration {f.s. DO levels above 2 mg/e).

To date, bulking problems have not been experienced at the diffused
air plants at the Bushkoppis Works which continually maintain a
higher DO than the Northern Works. In addition, different types of
Tilaments were observed in this plant, compared te Nerthern Works.
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Phosphate Removing Bacteria

The effect of microbial metabolism on effluent phosphate levels can
be readily monitored by microscopic evaluation. While micrascopic
evaluation provides a rapid diagnostic tool for the general health
of the plant. it is not suitable as an absolute operating parameter.

Comparison of Different Media for tha Isolation
of Bacteria from Activated STudge

The resuits show that different media give different population
campositions, as expected, It is therefore not possible to compare
the population studies of various researchers, when different media
have bean used. The technique currently being used is beneficial
in the study of the effects of operational changes an bacterial
population. '

Comparison of Identification Techniques

The Microbact identification system was shown to be more specias

specific and cost effective than the API system, and is now used
routinely with a separate oxidase test.

Phosphate Releasing Capacity of Activated Sludge

These preliminary results have indicated that the phosphate releasng
capacity test has potential as an easy, inexpensive technique, to
predict deterioration ia phosphorus removal.

Further work is required to ensure that this initial promise can be
fulfilled in practice. This could provide a useful tool in
supplementing biological remaval with chemical addition.
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CHAPTER SIX
DEVELOPMENT AND REFINEMENT OF ANALYTICAL TECHNIGQUES

L HLGTTER, E H M VAN DER MERWE, P L J CLUR, M BEHR

6.1 THE DETERMINATION OF YOLATILE FATTY ALIDS

6.1.1

6.1T.2
h.1.2.1

Introduction

The importance of the readily biodegradable COD present in sewage
gnd in particular, the volatile fatty acid level, has been clearly
demonstrated (Osborn et al,, 1586).

A number of methods have been described for the determination of
volatile fatty acids. A colorimetric method (Montgomery et al.,
1962) has been widely used for routine sludge sampies, while more
sophisticated chromatographic techniques have been used in research
work.

Gas chromatography was successfully used in evaiuating volatile acid
production in primary sedimentation tanks and digesters (Osborn et
al., 1986}, Preliminary studies showed that high pressure liquid
chromatography alse had potential for the analysis of different
volatile acids (Osborn et al,, 1986).

While chromatographic methods provide reliable results and aliow
individual acids to be quantified, these techniques are not
available to average routine laboratories. For routine plant
performance data, the total wvelatile acid level should be
sufficient. A method that would allow the routine determination of
volatile fatty acids. was required.

Materials and Methods
Colorimetric method
The colorimetric method described by Montgomery et al. {1962)
was modified by the additien of acetic acid to samples at a

concentration of 100 mg/€. A calibration curve was constructed



6.1.2.2

6-2

in the range 0 - 1000 mg/¢ acetic acid, The method was
eveluated using raw sewage, settled sewage and balance tank
effiuent from the Johannesburg Northern Works.

Enzymatic assay

Gas chromatographic analysis revealed that acetic acid
constituted 65 - B0 % of the volatile acids produced during
fermentation in primary settlTing tanks, It was therefore
decided that determination of this acid alone would provide a
good measure of the total volatile fatty acids.

In an atfempt to obtain a method which could be adepted for
automatic analysis, acetic acid was determined by an enzymatic
assay (Boehringer-Mannheim, 1985), The assay method is based
an the following principle :

In tha presence of the enzyme acetyl-CoA synthetase [ACS) with
cofactors adenasine-5'-triphosphate (ATP) and Co-enzyme A {CoA)
Acetic acid (acetate) is converted te acetyl-CoA (1).

(1) Acetate + ATP + CoA LS > Acetyl-CoA + AMP +
pyrophosphate

Acetyl1-CoA reacts with oxaloacetate to form citrate in the
presence of citrate synthase (C3).

{2) Acetyl-CoA + oxaloacetate + H.D G3

2 —— citrate + CoA
The oxaloatetate required for reaction {2) is formed from
malate and nicotinamide-adenine dinucieotide (NAD) 1in the
presence of malate dehydrogenase (MDH} {3). In this reaction
NAD 1s reduced to NADH.

(3} Malate + NAD' MDH ——= oxaloacetate + NADH + H

The determination is based on the formation of NADH measured by
the increase in absorbance at 340 nm.
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A Boehringer-Mannheim test kit ({(Cat no 148261) for the
determination of acetic acid in Ffoodstuffs was used for the
assay.

The method was evaluated using balance tank effluent samples
from the Johannesburg Northern Works.

High pressure 1iquid chromatagraphy
Samples were adjusted to pH 2 suitably diluted and filtered
through a 0,45 pm filter dnte vials for chromatographic
analysis using UV detection at 210 nm. A Brownlee Polypore H 10
micron column was used with a mobile phase 0,0IN H

730, .

Results and discussion

Colorimetric method

The additfon of acetic acid at a concentration of 500 mg/€ to
samples containing between 10 - 50 mg/e total volatile acids
allowed the Tow levels to be determined. See Figure 6.1 far
calibration Zurve,

0,20 I~
®
0,15 [~
0,10
" A
0,05 |fJ.
T
.
L
1 I
° 501 1000

Aeetic acid conceatration [mgfe}

Figure .1 := Calibration corve fer colorisetric determinatien of vaolatile
acids.

Recoveries using this method were in excess of 80%,



TABLE 6.1 : WOLAVILE FATTY ACID COMCENTRATIONS AT NOATHERN WORKS
USING THE COLORINETRIC ASSAY

Nate Sample ¥olatile acid concentration as

acetic acid mgft

117k RPS 20
l!l»:1 77
E£3 5% ;
1214 RPS 637
aEl 85
BEJ 76
13/4 RRS &27
EEl a2
EEJ L 1]
1474 RPS 404
BEI 109
HE3 8BS
174 AP 137
551 74
BEE %
1474 frs 4249
BE! 72
n£3 B1
194 RPS 300
(K|
"El
EEﬂ i)

APS : Return primary sludge
BE1 : Aalance tank effluent, module |
BE. : Halance tank eFfluent, maduele 3

L)
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Typical results obtained with this method are given in Table
6.1. 'The Wwethod was c¢onsidered suitable for routine use
provided the analyst worked accurately (See Appendix &.1 for
complete method},

6.1.3.2 Enzymatic assay

The enzymatic assay proved satisfactory 1n terms of standard
deviation, recavery and specificity. (See Tables 6.2 and 6,3)

TAELE 6.2 : REPLICATE AMALYSIS OF ACETIC ACID IN BALANCE
TANK EFFLUENT USING THE ENIYNATIC ASSAY

Saaple ficetic acid mg/t
1 26,9
Z 26,7
d 26,3
i 26,7
B 28,8
3 28,7
¥ 28,0
| r
9 26,9
10 w2
Hean 27,7
S5td Dev 1,08

TABLE 6.3 : RECOVERY OF ACETI{ AND PRORIOKIC ACID FRON
SPIKED BALANCE TAMK EFFLUENT (BTE) USING THE
ENZYNATIC ASSAY

Sample Percentage recovery {X)
BTE + 100 agfé acetic acid acetic 68,5
BTE + 100 wgfé proplonic pcid propignic HIL
BTE + 50 ngff acetic » acetic 57,8
50 ngf? proplonic acid propionic ML

The results show that this method is extremely reproducible and
specific for acetic acid.

Results obtained with this method are given in Table 6.4,
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TAPLE G.%k : AAMGE OF REIULTS FOR ACEYIC ACIO DETERMINATION
USING YHE ENZYNATIC ASSAY

Saaple heatic acid (ngfe}
W3BE2 (balance tank sfFluent} £0,8 - 45,5
N3BE3 (balance tank affluent} 14,9 ~ 45,2
HES  [raw sewage) 3.4 - 11,0

While the method is extremely useful in a laboratory with access to UY
absorbance spectrophotometry, it requires fairly skilled analysts and was
not considered useful for routing plant use. The use of a U¥ detector for
automatic analysis is feasible but costly, The results of this evaluation
have shown that an enzymati¢ assay for the determination of acetic acid in
sewage is available.

£.1.3.3 High pressure liguid chromatography [HPLC)
Preliminary investigations revealed that only acetic and propionic
acid could be detected at the Smg/¢ level. Due to the high
proportion of thesg two acids in the samples, (80 ~ 95 % of the
valatile acids) further work was restricted to these two
campounds, A typical chromatogram is shown in Figure 6.2,

1

" Figure 6.2 : High pressure liquid chrowatagram of
acetic (1) and propionic acid (2) at
S mgfl.
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Integration of ihe peak area proved unsatisfactory and opeak
heights were used, 5See Figure 6.3 for calibraticn curve.

10

o/
L
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¢

4
:E 5k 4.! ah//’
*:;I,- /‘/‘
2 e
X
2L A
1
- 1 1 I 1 1 ]
o r 2 & 8 10 1z 1%

acid {mgft)

Figura 6.3 : Calibration curve for acatic p—4@ ;
propionic A acids.

The reproducibility of the method is reflected in Table 6.5.

TABLE 6,5 : REPLICATE AMALYSES OF ACETIC AND PROPIGNWIC ACID
USING THE HPLC METHOD

Sanple heetic acid Eropionic acid
fogfe} {ng/2}
1 3.5 5.7
2 6,1 3,1
k] 4,6 5,%
b i, 6,&
] h,? &0
B 5.7 6,3
7 (A | 3.4
& 5.8 5,%
9 6.2 5.3
1 £.8 5.4
Mean 5.% %,.6
Skd Dav 0,64 Q0,46
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8alance tank effluent was spiked with two different
concentrations of acetic and propionic acid to assess recovery
of the method. The results are given in Table 6.5,

TABLE G6.6 r RECOVERY OF ACETIC AND PROPIONIC ACID IN BALANCE TANK
EFFLUENT {BTE)} USIME THE HPLC METHOD

Saaple Purcenkage recovery (%)
feetic acid Propionic agid

BTE + 2,86 wgf® acetic acid 100 -
BTE + 2,86 wgf¢ propionic acid - 59
BTE « 5,72 mof € acetic acid 91 -

Resulis for Rarthern Warks are given in Table 6£.7.
6.2 DETERMINATION OF ORTHOPHOSPHATE

Orthophosphate levels in sewage samples are determined by continuous
gnalysis, using the acid molybdate blue mathod. The Tinear range of
this method is 1 - 10 mg/2¢ P. Concentrations below 1 my/¢ were
reported as nil. [t was considared necessary to investigate the
feasibility of extending the range of the methed, in order to
accurately determing phosphate levels between 0 - 1 mg/¢ P, [t was
found ta be possible to determine levels of phosphate between
0 -1 mg/e P by changing the configuration of the Auto Analyzer (See
Figure 6.4 far calibration curve),

It was however impossible to extend the range of either methed to
include both high and low values. In order to run beth analyses
routinely separate instruments are required.

A

80 |-
£l
u A
o
< sOf J,###,#’
-]
a A
(-9

.E’#f
___,-’
] ¥ } [l |
[ b,2 0,6 0,6 0.8 L0

Phosphate as P [wgft)

Figure G.% : Calibration ¢wrye For phosphate concentratien.
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[ABLE 5.7 : OLAFILE FANTY ACIO CONCENTAATIONS AT MOATHEAM WORXS USING FHE HPLL

AETHOO
Date BPS RPS gE BE 4E 8k g
featic Frooionic Acatic Praplagnis Aczgic Propionic IES
arid zetd acid acid acid acid
2Hfe 17 90 N 11 35 11 -
211s L84 106 29 11 3 13 -
Mfe 259 192 30 12 5 Lo -
54 21 03 22 ] 28 12 -
wfe 142 98 9 1t 18 13 -
2744 155 B2 &9 11 19 10 -
2814 205 139 25 L bl ] B -
015 142 i35 26 AL 1 g* -
02f5 221 124 25 B 2l NIL -
0a 45 170 ko2 ] L0 158 & -
néss 60 13 39 5 87 B -
045 - - 1oz RIL 213 12 -
10/5 irg 188 126 9 oG f -
12/5 552 122 58 9 126 ] -
15/5 145 LT 26 a 12 15 B
L6/5 L7 T4 23 ] 21 NIL 120
L35 404 653 18 | 16 ] 111]
1445 545 11 Fal 1 2 Lo 110
1845 16l 110 Z7 1 25 1 140
22{s 131 k%] 15 7 17 10 87
2315 144 148 26 Ll 12 13 L3D
2afs - - 24 L2 23 q Li4d
2545 308 585 12 24 28 1 148
26/5 K3y 306 29 I3 25 12 1308
/s - - 21 11 17 12 136
02f6 188 e 92 to 22 7 -
b5/ 119 90 1 ] 16 g 97
06 /5 - - 2z & 20 g 140
04/6 161 126 25 (e} 26 £l 110
Lefn 10z I8 2L 12 55 10 180
15f4 - - 29 L& 27 L7 180
16/8 - - Pil} g 15 11 140
181§ 221 195 28 22 26 24 L40
20/8 88 57 L4 RIL 26 1] 110
2118 - - 25 3 - - Lk
2216 2n 201 544 11 36 10 110
23f6 L3B 173 #3 14 i? 12 130
2616 - - 1 13 - - Lid
2746 113 134 16 B k1] 16 (11|
28f6 L6 97 1% B 17 10 540
2946 L3k 93 17 L4 11 L0 120
1046 - - 11 L0 29 L0 120

RPS : Reburn primary sludge
BE, : Balance tank sFFlusnt, module 1
BE. : Balance tank «fFfluent, sedulse 3

3
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6.3 DETERMINATION OF POLYSACCHARIDES IN ACTIYATED SLUDGE

6.3.1

Introduction

Morphological biochemical studies of flec-forming bacteria indicate
that exocellular polymers are responsible for the flocculating
growth habits of these bacteria (Friedman et al., 1969).

Bacterial aggregation 15 generally ascribed tfo exocellular
polysaccharides, although polyamino acids could also play a
functional role in this respect. These compounds are excreted from
the surface of the cell under different physiological conditions.
The availability of certain substrates and relative nutrient
concentrations alse influences the composition and concentration of
exocellular polymers {Harris and Mitchell, 1973},

The role of extracellular polymers in bioflocculation has been
recognised for some time (Forster, 1971; Kiff, 1973, Sheintuch et
al., 1986). In the case of blological phosphate removal it is
possible that these polymers have an additional role to play. In
view of the bacterial cell clustering, which has been reported in
plants exhibiting enhanced phosphate removal {Buchan, 1981; Hart and
Melmed, 1982; DOsborn et al., 1986), it is possible that the
polyphosphate accumulating organisms ensure the formation of
clusters by secreting a biopolymer.

Microscopic evaluation of polysaccharide formation in  activated
sludge plants indicates a correlation between abundance of
polysaccharide and cluster formation {see Chapter Five}. In order
to investigate this phenomenon in greater depth it was decided to
attempt quantitation of polysaccharide levels.

6.3.2 Materials and Methods

6.3.2.1

Technigue development

Mixed tiquor samples were drawn from the aerobic zone of an
activated sludge plant te evaluate published methods. The steam
extraction procedure of Brown and Lester {1980) was evaluated by

determining hexoses, and protein on the extract before and after
steaming.
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Hexoses were determined by the anthrone method which involved
formatian of a calour compiex which absorbs at 620 nm (Plummer,
1978}. Protein was determined by the dye-binding method of
Bradford (1976} using Bjorad protein reagent,

Pentoses were determined as described by Borrow and Jefferys
{19586}, The pentose sugar was converted to furfural by
hydrochloric  acid. The  furfural was then  measured
coiorimetrically after treatment with aniline acetate.

Hexosamines were determined by the reaction of deaminated
nexosamine with indole and hydrochloric acid, after deacetylatian
by hydrolysis {Glick, 1955).

All samples were hydrolyzed prior to sugar determination.

Results and discussian

The calibration curve for hexose determination is given in
Figure 6.5. The technique was easy to use and the calibration curve
5éti5factury. Protein determinations were successfully carried aut
using the Bradford (1976} method. See Figure 6.6 for calibratian
curve., The standard deviation for these two techniques when applied
to mixed liquor samples was satisfactory (See Tables 6.9 and 6.]0).

] . B
6,5 0,07
g,06 b~
0,4 A
- 200 -
z
ar F Y
“' % 0,06
ak
. < 0,00 |
b,z / 5 A
-]
-l
¢ 0,02 [
4/ "
-
1 1 ] 1 f‘ [ ] 1 I
0 0 M &0 80 100 5 1] 15 Fi |
glucose (agft} Protein {pg/we)
Figure 6.5 : Calibration of hexnse Figure 6.6 : Calibration curve for protein

concantration. detwraination.
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TAHLE 6.9 : REPRODUCIBILITY OF HEXOSE DETEAMINATEONM

Sample No Hexase concentration mgf?

L 0,054
0,042
0,053
0,058
0,048
0,044
0,047
¢, 045
n,04%
0,043

(=T T=T = RN - T FL R FUR N |

Hean 0,068
5td deviatiaon 0,0051

TAGLE 6.10 : REPRODUCIBILITY OF PRCTEIN DETERMINATION

Sample He Protain concenkration mgfé

0,048
0,039
0,039
6,051
0,056
0,045
0,044
a,042
1,045
0,049

o0 R wd SO W L) R

]

Haan 0,046
Std deviation 0,005

The effect of steaming time on hexose and protein concentration in
supernatant fluid was assessed. The results are given in Table 6.11.

TABLE 6.11 = EFFECT OF STEAWMING TINE O PROTEIN AND HEROSE

CONCENTRATION
Steaming Protein Hexase
time concentration canceatration
{ain] {ng/é) fngfé)
R Q.019 Q,057
20 0,0 o,071

kL 0.060 ,671
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The protein concentration increased dramatically with increased
steaming time indicating destruction of cell walis. The additianal
hexose extracted by this procedure could therefore have been
intraceliutar. Az the investigation was intended to determine
extracellular polysaccharides only, steaming was restricted to 10
minutes Tn subseguent investigations.

The method for detarmipation of pentoses was found to be unsuitable
for concentrations below 0,2 mg/m¢ as ribase (See Figure 6.7 for
calibration curve}). The levels of pentose in the activated sludge
samples were below this minimum detectable level. Concentration of
the sample extracts by lyophilization however allowed the pentose
levels to be determined. As in the case of haxosas, negligible
amounts of free pentose was present in the wixed liguor (See
Table 6.12). '

0,8 |-

0.5 b .

. Abworbance at S50 ne

0,2

0.1

1 L I |
1 9.2 9.4 0,8 t,8
Ribose {mgfwt)

Figure £.7 : Calibration of penkose
concentration




_ TABLE 6.12 : PENVOSE COMCENYRATIONS IM ACTIVATED SLUDGE EXTRALTS

Pentnse as agfaf ribose

Sample Befora steaming Aftar skeaming
NH Nodule 2 0,23 H
N Nodula 3 0,17 12
Alexandra L 13

lhe method is fairly tedious and coupled with its lack of
sensitivity was not considered sujtable faor further use {See
Figure 6.8 for calibration curve). The hexcsamine method was found
to have a minimse detectable limit of 20 we/me. The hexosamine
levels in the sample were below this level, thus requiring a
voncentration step before the sugar analysis.

0,18 [

0,14 A

&1

0,08 |-

ARDZ nm - A 520 nm
>

gy

0,02 Tk

0 1 L H l
20 40 &0 ad
Galactosasine (mg/E)

Figure B.8 : Calibration gurve For
hexosamioe comcentration.



The difficulties experienced with these methods led tg the
consideration of a gas chromatographic technique for the analysis of
hexoses, pentoses and hexosamines,

6.4 DETERMINATION OF POLYPHOSPHATE CHAIN LENGTH

Acinetobacter were grown in Fuhs and Chen (1975) medium under aerobic
conditiens. After addition of acetate, the culture was incubated overnight
aerobically and the cells were harvested by centrifugation. The cell
peliet was resuspended in 0,05 M Phosphate buffer, pH 7,0 and the cells
wera lysed by wultrasonication to extract the polyphosphate inta the
solution. Cell debris was removed by centrifugation.

The extract was subjected to palyacrylamide gel electraphoresis {Robinsan
51‘51., 19B4), A mixture of polyphosphate standards was run concurrently
with the samples. The gels were stained with 0,05 % ortho-Toluidine blue.

A similar procedure was carried out on cells harvested from mixed 1iquor
from the sewage works. The cells were suspended in 0,1 M Tris/Borate
buffer, pH 8,3, which was also the electrophoresis buffer. Electrophoresis
was performed as before.

Protein precipitatien with various concentrations of Trichloracetic acid
was performed on the mixed liquor extracts im an attempt to enhance the
polyphosphate bands. The protein precipitate was remaved by centrifugation
and the supernatant was dialysed and fresze dried, The residue was
redissolved in buffer to one third of the original volume, An untreated
aliquot of the mixed liquor extract was also freeze dried and reconstituted
to one third of its original volume. Elactrophoresis was performed on these
samples, as previously described.

Finally protein precipitation was carried out on a mized liquor extract
using ammonium sulphate followed by hot Trichloracetic acid treatment of
the resultant precipitate. Ammonium sulphate was added to the mixed 1iquor
axtract to 45% saturation. The precipitate was removed by centrifugation.

The supernatant was reiained and the pellet resuspended in hot 10%
Trichloracetic acid. The supernatant obtained by centrifugation of the TCA
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extract and the previously obtained supernatant were dialysed, freeze dried
and the residues dissolved in small volumes of buffer.

The electrophoresis procedure was repeated on these samples.

6.5

ﬁlﬁ

Results were disappointing in that no strong discrete bands were
obtained for different polyphosphate molecular masses.

CORCLUSIONS

Methods were successfully developed for the routine determination of
volatile fatty acids and polysaccharides in sewage and activated
sludge samples. A method for the determination of polyphesphate
chain length was investigated., The method proved more difficult to
use on activated sTudge than anticipated and requires further work.
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APPENDILZ 5.1
DETERMINATION OF TOTAL VQLATILE FATTY ACIDS IN SEWAGE

APPARATUS

Spectrophotometer {visible rangel.
Centrifuge.

Water bath,

REAGENTS

Sulphuric acid 50 m¢/100 mé

Add with care and constant stirring 100 £ ! me of sulphuric acid to 100 =
T me of water and cool.

Sedium hydroxide 18 g/100 me
Dissplved 90 =1 g of sodium hydroxide in about 400 m¢ of water. Cooi and
dilute to 500 me with watar,

Acidic ethane diol reagent

Mix 30 £ 1 mé of ethane diol with 4,0 = 0,1 me¢ of 50 me/100 me sulphuric
acid. Prepare this reagent freshly each day. The ethane diol shouid not
make a significant contribution to the blank. Replacement of the ethane
diol every month is usually nacessary.

Hydroxylammonium sulphate 10 g/100 mé

Dissolve 10,0 £ D,] g of hydroxylammonium sulphate in about 80 m# of water
and dilute with water to 100 me. Store in a refrigerator. Prepare fresh
solutions monthly,

Hydroxylamine reagent
Mix 20,0 £ 0,5 m?¢ of 18 g/100 mf sodium hydroxide with 5,0 £ Q,1 m¢ of
10 g/100 m¢ hydroxylammonium sulphate. Prepare this reagent immediately

before it is required.



Acidic ferric chloride reagent

Digsotve 20,0 *+ 0,1 g of ferric chloride hexahydrate in about 500 me of
water. Add 20,0 % 0,1 m¢ of sulphuric acid canc, and dilute with water to
! litre and filter if necessary. Store in refrigerator. Prepare fresh
solutions monthly.

Standard acetic acid sclutions

Solution A (1 000 mg/£}

Weigh 1,00 * 0,01 g of glaclal acetic acid in a stoppered weighing bottle
and transfer quantitatively to a ! litre calibrated flask and diluta with
water to 1 1itre. Prepare fresh soluticns monthly.

CALIBRATION STANDARDS

Te a series of 100 m¢ calibrated flasks pipette 1,0; 2,0; 3,0; 4,0;; 5,0;
6,0 of standard acetic acid solutien A and dilute to the mark with water,

These flasks contain respectively 10, 20, 30, 40, 50 and 60 mg/¢ acetic
acid.

PRUOCEDURE
Sample preparation

Centrifuge samples at about 8 500 x g and retain about 10 md of
supernatant, Filter samples through Whatman 1 Filter paper.

ANALYTICAL METHGO

1. Pipette 0,5 m¢ of sample into a dry test tube and add 55 uy& 1 000 mg/¢
acetic acid soltion., Add from a microburette 1,7 m# of acidic ethane
diol reagent and mix thoroughly.

2. Heat in a boiling water bath for 3 minutes. Immediately cool test tube
in cold water.

3., Add 2,5 m¢ of the hydroxylamine reagent and mix thoroughly. Allow to
stand for | minute.



Add 10,0 mé of acid ferric chloride reagent into a 15 m# volumetrice
flask. Quantitatively transfar the solution in the test tube to the
Tlask. Make up to the mark with distilled water, shake vigorously and
aliow flask to stand with stopper removed for 30 minutes,

Measure the absorbance of the salution {As} as 500 nm.

Repeat steps 1 - § using 0,5 mé distilled water as a blank, and 0,5 me
of esach standard solution.

Frepare a calibration curve using the absorbances of the standard
solutions and determine the acetic acid concentration in the sample
soiutions.
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CHAPTER SEVEN

FUNDAMENTAL. STUDIES :
CHEMICAL AND BIDLOGICAL PHOSPHATE REMOVAL

LAURRAINE H L&TTER

INTROMMICTION

The hypothesis of a conceptuat model of the biochemical processes
responsible far the phenomenon of enhanced biological removal, has
provided a foundation for more detailed research into this
phenomenon, Experimental attempts to prove the validity of the
model have been reported elsewhere {L&tter, 1889}, In addition to
these studies, & number of dnvestigations were carried out to
¢larify specific aspects of plant behaviour. The results of these
investigations are reparted here.

CHEMICAL PRECIPITATION OF PHOSPHATE IN
ACTIVATED SLUDGE WITHOUT ADDITION OF CHEMICALS

Introduction

Removal of phosphorus in excess of norma) metabolic requirements is
now 3 well accepted phenomenon.  Although the phenomenon has been
under fairly jntensive study for some years, complete agreement aon
the mechanism of the phenomenon has not been achieved. A number of
researchers claim that the process depends entirely on bioltogical
processes, while others see an {mportant role for chemical
precipitation biologically medfated or otherwise.

The transformations of phosphorus between the bulk liguid and the
sludge can be schematically depicted as illustrated in Figure 7.1,
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Figure 7.1 : Transformatien of phespherus Batween the bulk
liquid and sludge {Arvin, 1985)

Chemical precipitation can be divided inta bulk precipitation and
biofilm precipitation. In bulk prectpitation, the formation of the
solid phosphate phase is governed by the composition of the bulk
liquid, while the biofilm precipitation occurs within the
micro-environment of a biofilm, Accelerated bulk precipitation
caused by elevated phosphorus concentrations in anaerobic zones, is
one form of bielogically mediated calcium phosphate precipitation
which has been observed (Arvin, 1983),

Phosphate removal by chemical precipitation has also been observed
by Menar and Jenkins {1970).

Calcium phosphate precipitation inside denitrifying biofilms has
also been observed, due to the 1ncreased pH caused by
denitrification (Arvin and Kristensen, 1983). Calcium phosphate
precipitation was also observed in 2 non-nitrifying anasrobic/
aerobic activeted sludge process {Lan et al., 1983).

In order to evaluate the phasphate precipitation potential of the
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buik feed to the Northern Works and Goudkoppies activated sludge
plants, the precipitation of calcium, iron, aluminium, magnesium and
phosphate from the bulk feed through pH variation, was investigated.

Materials and Methods

Balance tank effluent from the Northern Works and Goudkoppies plant
was used. Sulphuric acid was added to reduce the pH level to below
3. The pH was then raised by addition of sodium hydroxide to the
solution, pH adjustment was carried out with constant stirring.
Betwean pH adjustments, the stirring was ceased and solutions
ailowed fo stand for 3 minutes. Samples were taken at savery pH
level, filtered and analysed for phosphate, dron,. aluminiwm,
magnesium and calcium,

The experiments were reépeated in the presence of iron and aluminium
added to a concentration of 10 mg/¢ each, in separate experiments.

Results and Discussion

Significant precipitation of phosphorus and calcium occurred at pH
values in excess of pH 8,0 (see Figures 7.2 and 7.3}, No
significant precipitation of magnesium or iron was observed during
these experiments. The pH range at which calcium phosphate
precipitation occurs does not prevail in an activated sludge plant.
It is therefore, unlikely that calcium phosphate precipitation could
take place spontaneously under normal plant conditiens. Addition of
iron and aluminfum to the samples before pH manipulation, resulted
in greater precipitatien of phosphate, but did not affect the amount
of caleium precipitation {see Figures 7.4 and 7.5). These results
signify separate preécipitation mechanisms for the different cations,
rather than co-precipitation reactions. The precipitation of
phosphate in these experiments occurred at the same pH levels
observed by Diamadopoulis and Bensdek (1984},
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THE EFFECT OF SOME NUTRIENTS ON SLUDGE BULXING

Introduction

In an attempt to relzte sludge surface oroperties to its settling
characteristics, electrophoretic mobility studies were undertaken.
Mobility measurements carried out in the sludge 1iquor showed that
the average mobility was directly proportional to the sludge valume
index (SY¥I) {see Figure 7.6). The SVI in turn, was found to be a
logarithmic function of the ratio of ammonia-nitrogen to soluble
phosphate in the Tiquors {see Figure 7.7} {Forster, 1968}.

Since the surface charge has been found to be directly relatad to
sludge settling characteristics, compounds which could alter the
surface charge could atfect the settling characteristics.

The formation of extracellular polysaccharides has been associated
with flocculation by a number af researchars (Friedman et El‘* 1969
and Forster, 1971}. It has also been shewn that as the
polysaccharide content of activated sludge ‘increases, so  the
settling characteristics deteriorate {Forster, 1976]).

The 5VI levels and nutrient levels were compared, as were SYI levels
and polysaccharide levels.

Results and Discussion

The ammonia-nitrogen phosphate ratios did not exhibit the

lagarithmic relationship observed by Forster (1968}, (see Fiqures
7.8 to 7.10).

Farster's {1968} data was taken from & plant with an average ammonia
level of 18,8 over the period under discussion, while the Horthern
Works modules under discussion nitrify to the extent that ammonia
levels seldom exceed 1 mg/€ as N. The metabolic processes
attributed to the high S¥YI in Forster's wark (1968), could not be
releyant in the Harthern Works plants due to the low ammonia levels.
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EXTRACELLULAR POLYSACCHARIDES IN ACTIVATED SLUDGE
Introduction

The significance of extracellular polysaccharides in activated
sludge was discussed in Chapter 6. The method described in the
same Chapter was used to survey the extracellular polysaccharide
levels in four activated sludge plants.

Materials and Methods

Mixed liguer samples were drawn from the anaerchic, anoxic and
aerobic zonas of four activated sludge plants.

Polysaccharides were extracted by the steam procedure of Brown and
Lester (1080]. Steaming was restricted to 10 minutes to ensure
extraction of extracellular material only. After hydrolysis,
various colorimetric procedures were used to determine hexoses
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(Plummer, 1978), pentoses {Borrow and Jefferys, 1956) and hexose-
amines {GTick, 1955).

Results and Discussion

Preliminary studies revealed that the level of extracellular
pentoses and hexoseamines in the activated sludge were below 200
ug/e respectively. The determination of these compounds was
therefore not purseed. The hexose ‘tevals varied considerably
between plants and between zones (see Figures 7.11 to 7.14).  The
average figures for the period studied are given in Table 7.1.

TMBLE 7.1
AVERAGE EXTAACELLULAR HEXOSE LEVELS IN ACTIVATED SLUDEE

Hexose pp/ag ¥55

Plant Anaerabic Anoxic Aerobic
Zone Zans Zone
Northern Horks Hedole 2 29 40 34
Horthern Werks Woduls 3 26 k¥ 26
Govdkoppise 21 25 a2
Hushkoppie 27 25 iz

During the survey period, Goudkoppies and Bushkoppie maintained an
effluent phosphate level of below 1 mg o-P/¢ as P. Northern Works
Modules Y and 3 achieved an effluent below 1 mg o-P/¢ only
occasionally.

The extracellular hexose values observed are considerably higher
than those observed for non-nutrient removing activated sludge
(Brown and Lester, 1980). The presence of extracellular slime has
been shown to correlate well with satisfactary phosphorus removal
(Lotter and Murphy., 1988). Quantitative analysis of the hexose did
not provide a more sensitive correlation. The relatively high
levels in the anoxic zones of the Northern Works compared to the
other two plants, should be further investigated.
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The polysaccharide content of activated sludge is known to increase
as setiling characteristics deteriorate (Forster, 1976).  The poly-
saccharide Yevels were plotted against volume indices in order to
test this observation for nutrient removal activated sludge {see
Figures 7.15 and 7,16}

o
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[ 4 kb 1 [ [
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Extracellwlar polysaccharide as Hexose (pgfuyg ¥55)

Figure 7.15 = Effect of sxtracellwlar polysaccharide levels on sludge
valuge indices, MNortheen Works Kodele 1.

In the case of Northern Works Module 1, the polysaccharide levels
tended to remain within a narrow range which has no apparent effect
on the SV, The SVI for Northern Works Module 3 also showed no
sensitivity to extracellular polysaccharide levels.
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PHOSPHORUS FRACTIONATION
Introduction

In an attempt t¢ learn more about the role of palyphosphate in
enhanced phosphorus removal, the distribution of compaunds in s tudge

was investigated., Results did not provide good correlation between

biological phosphorus fractions and phosphorus removal capacity.

The poorly defined separation achieved by the fractiomation could
not have accounted for this lack of correlation {(Osborn et al.,
1986}, and it was decided to commission the Division u;_'ﬁ;EEr
Technology of the CSIR to investigate the matter further.

Materials and Mathods

An activated sludge sample was drawn from the primary serobic zone
of the Horthern Works plant. It was cooled on ice during transit
and aerated overnight at room temperature. Fractionation commenced
the following morning.
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The sludge was subjected to MLSS and VS5 determination at 105 °C and
550 °C respectively. It was concentrated approximately six times
and the degree of concentration determined by a repeat analysis for
ML5S and ¥SS. The mixed 1iquor supernatant was removed by
centrifugation {ca. 1500 x g, 5 winutes}. Extraction of the
concentrated samples was performed at 0 °C with the follawing
solutions (in this order) : 0,9% NaCl; 0,5M PCA; dilute NaOM {pH 9
ta 11); 1M HaOH. A1Y the centrifugations were performed as above,
and extracts stored at 40 °C before analysis,

Extracts and whale sludge were subjected to analyses for total P,
ortho P and 7-minute P {de Haas et .El'* 1968a and b], RNA-P
{Cerrioti, 1955) and ONA-P (Burton, 1968). Metal cations were
determined on the hydrolysate produced for total P analyses, using
colorimetry or atomic absorption spectrometry (American Public
Health Association, 1985). Gel chromatography of Whatman No 47
Filtered extracts was performed using Sephadex G-25 in a column
measuring 57 cm x 1,6 cm, elutad with 0,TM XC1 at 30 me/h,
collecting 100 fractions (2 mé¢ each). The fractions were subjected
to the 7-minute P assay, as above,

Results and Discussion

The Northern Works sample was found to contain 64,79 mg P/g VSS
(44,37 wg P/g MLSS).  The VSS/MLSS ratio was 0,68.  Recovery of
tota?! phosphate in the extracts was 102% ({less than 2% in residue),
that of RNA-P 93% and ONA-P 83%. Seven-minute P determinations of

whole sludge are not possible, preventing calculation of the
recavery for that assay.

Figure 7.17 indicates that between 50 and 57% of the sludge total P
was present as poly P, The reason for uncertainty in the figure
1ies with partial interferences in the ortho P, poly P and nucleic
acid assays.

Firstiy, the term "maximum additional ortho/poly P" appears in
Figure 7.17, as a result of a small but measurable pesitive
interference of poly P in the ortho P assay, If this interference
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i¢ at a level found to be maximal using pura reagents, these sectors
of the pie may represent poly P entirely. If no interference
exists, only ortho P will be represented by these sectors.

poly R
ather P-compounds
goly P
poly P
oax.add.ortho-pplyP
Foly P = TP ~ orthoP - (N4-F) PolyP » 7min P - prthp A

Figura 7.17 1 Phosphorus fracticnation of activated sludge from Morthern Works

Secondly, the RNA method used has a tendency to overestimate RNA by
a small but significant margin, as a result of the presence of
carbohydrates originating in the bacterial cel) wall matrix. For
this reason, where poly P is calculated by difference from the tota!l
P, less ortho and nucleic acid P, poly P may be underestimated by a
small margin.

Thirdly, the 7-minute P wethod does not completely exclude P
originating fromm nucleic acids, meaning that poly P may be slightly
overestimated in this method. Despite these interferences, the two
méthods for determining poly P given in Figure 7.17 agreed closely
(4,5 tp 7% difference}. By far the largest proportion of the poly
P was acid extractable (PLA extract).

Gel chromatography {Figures 7.18 and 7.19) confirmed the presence of
polyphosphate in the PLA and dilute NaQK fractions. The peak eluted
at or near the void volume of the coalumn (Fraction No 42) represents
paly P, whilst that near Fraction No B0 represents artho-P,
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Drthuphusphate occurred in both the acid (PCA) and dilute alkali
(Ha0H) extracts, in the respective ratio of ca. 14% and 9% relative
to the sludge total P. [t is most likely that this represents the
maximum contribution from chemically precipitated P in this sludge
sample since the supernatant ortho P was removed separately, and the
sludge pellet washed with saline (negligible P found in this
axtract}.

From Tabte 7.2, it is clear that potassium, calcium and magnesium
were mainly co-extracted with phosphorus {Figure 7.17). The same
was true ta a lesser degree for ivan, more of which remained in the
residue. 1t follows that iron Indigenous to the sludge is tightly
complexed and associated with phasphorus to a lesser extent than
patassium, calcivm and magnesium. [t is however, impossible to
infer the formula of the chemical P precipitate in the sludge from
this data.

TABLE 7.2
METAL CAFION ANALYSES FAOM EXTRACTS FHON ACTIVATED SLUDGE SAMPLED
AT NURTHERN WORKS, L6 MARCH 1988

Extract K Hg Ca Fe
Supernatant 7,11 {1,82) 7.11 {2,92) L (1,717 0,15 {D,03}
0,9% WaCl 1,11 {0,28) 1,17 {D,46) 1,22 (0,55} 0,03 {o,m)
0,58 PCA 12,60 {3,22) 12,860 (5,18) 12,60 (3,14} 2,63 {0,.7)
Diluts NaH 2,31 (0,81} 1,18 {0,48) 1,18 {0,30) 2,50 [(o0,09)
IN NaDH 3,84 [0,98] 1,28 {0,93) 1,28 (0,32) o,.8 [0,09]
fesidus o.86 (0,22} 0,85 10,35} 0,86 §0,3%) 3.1 {0.67)
X in whale
sludge [(MLSS) 1,90 1,64 1,72 ¢.51

Figures in mgfg ¥55 or [lﬂ-h anlfg ¥55) unlezs oatherwicse stabed

ENZYMATIC ASSAYS

Introduection

While microscopic evaluatien of carbon and phospharus gccumulation
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in nutrient removal activated sludge planmts can be used to monitor
the effects of changes in micrebia) metabolism on effluent phosphate
levels, it is not suitable as an operational psrameter (LStter and
Murphy, 1988). '

The traditional technique of using chemtcal parameters ta monitor
plant performance, provides a measure of plant performance but
particularly in the case of phosphate removal, is not a diagnostic
taol in terws of the cavses of plant failure.

A simple routine test is required which takes into account the
biologicatl nature of the process, and would therefore have some
predictive diagnostic value. Biological monitoring techniques are
widely wusad in evaluating bio-processes, Enzymatic assays have
been used in activity studies on activated sludge, as have quanti-
tative determinations of biological compounds (Weddle and Jenkins,
1971; Kucnerowicz and Yerstraete, 1979; Richards et al., 1984},

Dehydrogenase activity has been widely used as an indicator of
sludge viability and reaction to toxic influents [(Legeron and Ben
Aim, 1976; Broecker and Zahn, 1977; Awong EE Elf* 1985; Anderson et
at, 1988). No attempts have previously baen made to correlate it
to nutrient removal.

Phosphate acivity has also been used as an indicator of biomass
activity in environments where phosphate metabolism was being
studied {Reichardt, 1971; Flint and Haptan, 1977; Hassan and Pratt,
1977).

Alkaline and neutral phosphatase activity have been studied in
trickting fi)ier and activated sludge plants (Flint and Hopton,

1977; Teuber and Brodisch, 1977).

As in the case of dehydrogenase activity, phosphatase activity has
not been correlated with nutrient rémoval.

This study addrassed these {ssues.
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7.6.3

Materials and Methods

Mixed liquor samples were drawn from various zanes of a number of
Bardenpha activated sludge piants in Johanneshurg.

Dehydrogenase activity was determined essentially by the method of
Lenhard et al, {1964). The methed described by these authors used
glucose as substrate. The method was modified to use -HO-butyrate
as substrate, Using this method, dehydrogenase activity was
determined in anaerobic, anoxic and asrobic zones of the plants.

Phosphatase activity was determinad essentially by the method of
Hassan and Pratt, (1977). Preliminavy {nvestigation of this method
revealed that reproducible results were difficult to obtain,
Rigorous testing of the method was then carried out using a

commercial alkaline phosphatase preparation (Boehringer Mannheim Cat
No 108154).

The effect of enzyme and subsirate concentraiion and reaction time
on enzyme activity was investigated.

Samples wera then taken from the various zones of the Horthern Works
activated sludge plant.

Results and Discussion
In the case of dehydrogenase activity, sonication of the sample

before  addition of the  reagents, allowed  satisfactory
reproducibility to be achieved {see Table 7.3).
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TABLE 7.3
REPRADUCIBILITY OF DEHYORGGENASE ACTIVITY

Sample Enzyne Units

L, 10
L.38
1,06
1,08
1.18
1.2
1,17
1,24
1,27
1,40
Hean 1,21
Standard deviation 0,12

B oD Moy BN B ol el

(="

The enzyme activity was expressed as nM tripheny} formazan {TF)
product formed per mg volatile suspended so¥ids (VSS). The average
enzyme activities for various zones of some Johannesburg plants are
shown in Tables 7.4 and 7.5.

TABLE 7.%
AVERAGE DEMYDROGEMASE ACTIVITY IN ACTIVATED SLUDSE
WITH GLUCDSE AS SUBSTRATE

Enzyme activity nM TFfmg VS5

FPlant Anzerobic Anoxic Aerpbic
Ione lone Zone
florthern YWorks Module 2 37 3 34
Borthersn Horks Module 3 iz Is an
Goudkoppies 35 16 ar

Bushkeppis 32 33 33
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TABLE 7.5
AVERAGE DEHYDROGENASE ACTIVITY IN ACTIYATED SLUDGE
WITH B-HO-BETYRATE AS SUBSTRATE

Enzyme activity nM TF/mg V55

Flant Ankwrpbic dnoxic ferobic
Zone Zone dane
Northern Works Module 2 35 iz k]|
Herthern Horks Module 2 33 i3 an
Goudkeppies 32 Y 5
Bushkopple in 3z 30

The variation in enzyme activity for the various zones is shown in Figures
.20 to 7.27. '

No significant differences in activity were observed beiween zanes or
plants. This is in contrast to the differences observed between plants in
respect of fermentation enzymes {Lotter and van der Merwe, 1987}, As can
be seen from Figures 7.20 to 7.27, activity varies over time, This
variation could not be directly correlated to phosphorus removal. The
substrate used also appears to have little effect on the activity. This
could be due to the complex nature of the reaction mixture.  Activity is
measured directly on the sample without removal of matrix components. This
is done to preserve the simplicity of the technique.

Dehydrogenase activity is a measure of aiidatjve behaviour and as such, has
a Tinear carrelation with Oxygen Utilisation Rate {OUR) {Awong et al.,
1985; Anderson gt al., 1388). it might Be beneficial to investigate the
use of the technique as an alternative to the more expensive OUR,
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Alkaline phosphatase catalyses the hydrolysis of a phosphate residue
from a variety of compounds. The analysis is based on the
hydrolysis of p-nitrophenyl phosphate to p-nitrophens].

Results of the preliminary investigations of the aikaline phosphatase
are given in Figures 7.28 to 7.31.
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Figure 7.28 : The effect of emzyme cwncentration on reactisn rate

Figure 7.28 shows the range of linearity of enzyme concentration in
the presence of saturating substrate concentrations. Five to 20 pe
of a diluted commercial enzyme preparation (1:20) can be used to
achieve a first order reaction,

Figure 7.29 gives the effect of substrate c¢oncentration on reaction
rate. As can be seen from the curve, substrate volumes above 1,0 mé
do not result in an ingrease in reaction rate.
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Figure 7.29 : Effect of substrate cencentration on reaction rate

The data from Figure 7.29 was replotted according to Lineweaver-Burk
to check the accuracy of the hyperbolic plot (sae Figure 7.30). A
substrate volume 0,5 m¢ was subsequently used. The effect of
reaction time on reaction rate is shawn in Figure 7.31.
rate of 30 minutes was used in further work.
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Figure 7,29
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Difficulties were experienced with using various concentrations of
p-nitrophencl to prepare a calibration curve. It was therefore
decided to prepare a calibration curve using p-nitrophenyl phosphate
conversion to p-nitropheno) by the commercial enzyme preparation. A
typical calibration curve obtained in this way is shown in Figure
7.32. Some results of the activated sludge samples are shown in
Table 7.6.

TABLE 7.6
ALKALINE PHOSPHATASE ACTEVITIES TN NORTHERM MORKS
ACTIVATED SLUDGE PLANT

Enzyme activity

Zons : pi substratefg ¥55
Anzerobic 2,10 - 5,71
Anoxic 2,07 - 2,20
Aerobic 1.0 - 1,93

Samples are now being routinely analysed for this parameter in an
attempt to correlate it with effluant phosphate levels.

CONC1LUSIONS

Some of the studies described above confirmed a number of previously

held hypotheses, while others opened the door to further
investigation.

Chemical precipitation as a removal mechanism in the activated sludge
system has long been a controversial issue, These studies have
shown that under conditions prevailing in Johannesburg plants, this
is not g significant factor.

The efficient nitrification in the Johannesburg plants precludes the
acCumulation of ammonia which could serve as a nutrient for

filamentous growth, and the correlation between nutrient levels and
S¥I values was not observed,
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The additional effort and cost invelved in the chemical analysis of
extracellular polysaccharide compared to microscopic evaluvation is
not warranted,‘ as the former technique does not provide a more
sensitive indicator of plant performance than the Tatter,

A satisfactory phosphorus fractionation procedure has been developed
by the Division of Water Technology, which will allow & more accurate
estimation of different biological phosphorus forms. These data will
be useful in refining the biochemical model of the process.

Dehydrogenase activity 15 relatively easy to determine and its
potential use in contralling aeration should be investigated.

A method for the routine determinatian of alkaline phasphatase
activity in activated sludge has been refined.
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CHAPTER EIGHT
CONCLUSIONS AND RECOMMENDATIONS

INTRODUCTION

The research carried out during the period 1984 to 1986 was reported
in 1986 {0sborn et al., 1986).

The further research carried out during the period 1986 to 1988 is
reported in two separate reports; this one, and a second one by
Lotter (1989]).

In this Chapter the research carried out over the ful] Contract
period, 1984 to 1988, 4s reviewed, Recommendatisns for future
research in this and related areas, are also discussed.

PROCESS FEED COMPOSITION

These studies have confirmed that the success of biological nutrient
removal is very dependent on the characteristics of the influent
sSewage. If the fead has an adequate concentration of readily
Piodegradable substances {Shs}’ in particular, anaersbic fermentation
products such as volatile fatty acids (YFA), phosphorus removal has a
good chance of success. Sgwage having a total COD of about 500
mg/e, a ¥YFA content of greater than 70 mg/¢ as acetic acid and an She
of greater than 120 mg/¢, has been successfully treated in the
thannesburg three and fTive~stage Bardenpho plants, to give an
effluent having very low concentrations of both orthophosphate (Tess
than 1,0 mg o-P/€} ané total mitrogen {less than 5,0 mg H/&}.
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The production of valatile fatty acids either by fermentation in the
primary slhdge tanks, or by the fermentation of primary sludge in
high rate anaerobic digesters operated in a batch mode, is examined.
In both cases it was necessary to maintain a sludge retention time
{SRT} of 3 to 4 days and to ensure that the VFA's produced were not
converted to methane.

High rate digesters were found to produce roughly equal guantities of
acetic and propionic acid, whereas more acetic than propionic acid
was produced in the primary sedimentation tanks (PST's). Furthermere
the mass of total wvolatile fatty acids produced in the off-1ipe
digesters was far 1ess than that produced in the P5T's, where the
more desirable acetic acid predominated.

Fermentation of sludge in the PST's became the routine method for YFA
productian. The ¥FA's produced by this orocess tend to remain
adsorbed to the sludge under hydraulically static conditions and must
be elutriated intoc the liquid phase if they are to serve any useful
purpose in the activated siudge reactor.

A number of eilutriation regimes incorperating recycling of the sludge
back to the inlet of the sedimentation tanks, were examined.
Phosphate removal was improved by this procedure. Howaver,
consistent compliance with the effluent standard was not achieved.
Intermittent air lancing of the sludge in the PS5T's combined with
recycling was found to give very good results.

During summer, the best results were obtained when sludge was
accumulated for 24 hours, airlanced for 30 seconds three times during
the next 24 hours, and finally stored for a further 24 hours. The
effect of the lower winter temperature on the above prdcedure, gtill
requires investigation. Raw sludge ogravity thickeners' with
ejutriation facilities can alsp be used for this purpose.
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B-3
DENITRIFICATICH

Experience in Johannesburg {and elsewhere), has shown that when
dealing with predominantly domestic sewage containing lTimjted amounts
af naturally occurring readily biodegradable substrate, it s
essential to 1imit the presence of nitrates in the anaerobic zone to
an absolute practical minimum.  This will ensure that the readily
biodegradable substrate is made available to phospharus atcumulating
bacteria and is not utilised by denitrifying bacteria.

To assist in achieving this objective, one S50 Mg/d module at the
Northern Works was converted to three-stage operation by eliminating
the second angxic zone. The original anaerobic zome was enlarged
however, and compartmentalised in such a way that the returned sludge
could be held and denitrified under endogenous conditions {i.e. no
sewage added}, in the first few compartments. This modification
becane known as the Johannesburq Process. The successful operation
of the plant under these conditions is highly dependent on having 2
sludge with a low 5VI, thereby permitting high concentrations of
ratyrned sludge to be held in the newly ¢reated anoxi¢ zone ahead of

the bioreactor. Under such circumstances, the concentration of
denitrifiers is 1ikely to be about twice that present in conventional
angxic zones. The modification appeared to confer additional

stability on the biologicazl removal of phosphorus over an extended

- period.

Experience in Johannesburg has shown that pp to 10 mg H/# nitrate can
be removed from the return sludge in such a zone at retention periods
varying between 0,5 to 2,0 h.

AERATION

It has been demonstrated that aeration has a marked effect on
nutrient removal processes. Aeration lgvels should be such to
maintain 00 tevels of at least 2 mg/¢ throughout the aerobic stages.
This is particularly necessary at the initial emtry to the aerabic
zone, as phosphorus uptake is extremely rapid at this point. Excess
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aeration towards the end of the aeration zone should be avoided
howevar, as excessive nitrification will oceur, and increase the
denitrification reguirements of the process.

Experience in Johannesburg has shown that the rectangular aerobic
zones in nutrient removal plants are not as completely mixed as was
first thought, despite the large volume of mixed Tiquor being
recycted through them. Semi-plug flow conditions can exist in these
zones, leading fto a distinct respiration rate profile alone their
length.  Such zones should therefore have a tapered aeration system
with more aeration capacity available at the 4inlet, than at the
cutlet of the zone.

ON-LINE MONITORING

The monitoring of effluent phosphate levels on-line has proved useful
in the comparison of different process configurations. These data
will also be utilised to calculate chemical dosage where this is
required to achieve compliance with the effluent standard.

A number of methods of collecting and processing the data From
on-1ine analysers were investigated.

The prediction for the future is that a number of Programmable Logic
Cantrollers (PLC's) will be placed at strategic points in the plant
to coliect data from monitors. The data will be'accessed and
processed by a central computer, which will provide the plant manager
with up-to-date operational data.

MICROBIOLOGICAL STUDIES

Microthrix parvicelia and filament types 0041 and 0092 were

identified as the main causative organisms in scum formation and
sludge bulking in the Morthern Works activated sludge plant. Bulking
caused by these organisms can be controlled by adequate aeration.
Bulking problems have never been experienced at the diffused air
plants at the Bushkoppie Works. Different types of filaments were
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observed in this plant, as compared to Morthern Works. Acinetobacter
spp dominated ‘the phosphorus removing organism population in the
aarobic zones under the test conditions applied.

The effect of microbial metabolism an effluent phasphate levels can
be readtly monitored by microscopic ewsluation. While microscopic
evaluation provides a useful tool for the general health of the
plant, it is not suitable as an zbsolute operating parameter.

Comparison of differeni media for the isolation of activated siudge
show that these give varied population compositions, as is expected.
It is therefore, not possible fo compare the population stydies of
some rasearchers when different media have been used. The technique
currently being used is beneficial in the study of the effects of
aperationa) changes en bacterial population.

A new identification system, namely, the Microbact Identification
System, was shown to he more species specific and cost effective than
the API system, and is now used routinely with a separate oxidase
test.

These preliminary results have indicated that the phosphate releasing
capacity test has potential as an easy, inexpensive technique, to
predict deterioration in phopharus removal.

Further work is required to ensure that this method can be utilised
successfully in practice. This could provide a useful tool in
supplemanting biological removal with chemical addition.

BACTERIAL METABOLISH

A number of hypotheses incorporated in the current biochemical model
of enhanced biplogical phosphate removal from activated sludge, were
evaTuated experimentally during this study. The main hypothesis,
namely, that the process is controlled by intracellular metabolite
levels rather than genetic selection, was found to hold.
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The studies alsc showed that Acinetaobacter spp, as an example of a
palyphasphate bacterium, possessed strategies to absorb substrate
under one unfavourable situation {i.e. anaerobic), and to use the
stored substrate as an engrgy source under 2 second unfavourable
situation {i.e. lack of external carben}, to absorb other essential
nutrients like phosphate. The necessity for adequate aeration was
also emphasized by these studies.

DEVELOPMENT AND REFINEMENT QF TECHHIQUES

During the execution of the Contract, methods for the routine
monitaring of plant response parameters such as volatile fatty acids
and Shs had to be refined. While these two parameters were
successfully determined during the Contract period, some further
rafinemants are required,

In attempts to gain further insight intoc the mechanism of enhanced
biolegical phosphate removal, techniques were modified for the
analysis of activated sludge mixed Tiquor. Subsequently, poly-
hydraxybutyrate was successfully determined in mixed liquor.

Attempts to determine activated sludge energy levels by analysis for
ATP were unsuccessful,

Methods were successfully developed for the routine determination of
volatile fatty acids and polysaccharides 1n sewage and activated
siudge samples. A method for the detarmination of polyphosphate
chain Tength was investigated, but which proved more difficult to use
on activated sludge than anticipated, and requires further work,

FUNKDAMENTAL, STUDIES : CHEMICAL AND
BIOLOSICAL PHGSPRATE REMOVAL

In situ chemical precipitation as a removal mechanism 1in the
activated sludge system has long been & controversial issua. These
studies have shown that under conditiens prevailing in Johannesburg
plants, this 15 not a gignificant factor.
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The efficient nitrification in the Johannesburg plants precludes the
accumulation of ammonia which could serve as a nutrient for
filamentous growin, and the correlation between mutrient levels and
SVI values was not observed.

The additional effart and cest involved in the chemical analysis of
extracellular polysaccharide compared to mig¢roscopic evaluation, is
nat warranted, as the former technique does not provide a more
sensitive indicator of plant performance than the Tatter.

A satisfactory phosphorus fractionation procedure has been developed
by the Division of Water Technology of tha CSIR, which will allow a
more accurate estimation of different bioclogical phosphorus forms.
These data will be useful in refining the bicchemical model of the
process.

Dehydrogenase activity is relatively easy to determine and its
patential use in controlling asration could be investigated,

A method for the routine determination of alkaline phosphatase
activity in activated sludge has been developed.

FINANCIAL ASPECTS

A 50 000 Me¢/d four-stage Bardenpho process with primary sedimentation
and flow balancing, was used as a base for a paper studﬁ, to which a
number of phosphate removal options wera added ., The cost of each
aption was then calculated, assuming the same unit electricity and

_ chemical costs.

The introduction of an anaerobic zone and sewage character
modification involves an additional cost of 1,60 o/kP, while the
phosphate removal by chemical addition would incur an additional cost
of 2,47 c/ke.
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In contrast to the above, the retrofitting of chemical dosing
equipment to a two-stage biological fiiter plant, would involve an
addit{onal 7,62 c/ke.

Although these figures may serve as a wuseful guide in decision
making, they cannot be seen in isclation, Each individual situwation
must be evaluated on its own merits, taking other relevant factors
inte account. For example, the scrapping of a biological filter
unit which has not been fully amortised, may not be an economical
proposition.

MATHEMATICAL MODELLING

Until recently, the use of tha general activated sludge mode!l
developed by the University of Cape Town, was confined to pecple with
access to a mainframe computer, During this study, the model
equations have been successfully applied to a spread sheet, used in
conjunction with a micro-computer,

The use of this technique has permitted the sophisticated UCT medel
to become available to wastewater pTant management staff, enabling
tham to observe the effect of a change 1n one parameter on other
parameters, including effluent quality. This allows staff to make
operational decisions with far greater confidence.

RECOMMENDATIONS FOR FUTURE WORK

In addressing the specific research areas required by the Contract,
researchers identified a number of ancillary processes which impinge
on bielogical phosphate removal. In order to integrate biological
phaosphate removal intc 2 total wastewater treatment protocoi, various
research needs into these ancillary processes were identified.

Certain ressarch areas addressed during the Contract also require
further investigatian. These recowmmendations are dntended to
encompass both the research needs in biclogical phosphorus removal
and apcillary processes.



8.12.1

8-9
nncil1aty Processes

Combined chemical and biological phosphate

removal in the activated sludge process

In order to comply with the statutory effluent standard, the
hiotogical phosphate removal process often requires
supplementation with chemical addition. Optimisation of these
twa processes in combination is essential to ensure the most
cost-effective utilisation of baoth. Different chemicals and
desing protocals should be investigated.

Sludge handling including dewatering, final disposal and
metal extraction without loss of phosphorus from sludge

Sludge from nutrient removal plants contains large amounts of
bielagically immobilised phosphorus, S5ludge handling can cause
the release of some af this phasphorus to the liquid phase, thus
requiring retreatment of the latter. Optimisation of sTudge
handling and disposal with minimum loss of phosphorus s
essentfial.

Recycling sludge in the form of compost is an attractive
proposition, but the metal content Umits its application to
agricultural land. Recovery of the heavy metals from the sludge
without loss of nutrients, would greatly enhance the
attractiveness of the compesting option,

Utilisation and role of particulate LOD in phosphorus

and nitrogen removal and its role in sludge bulking

Particulate COD contains a biodegradable component which must be
utiiised during the procass. Mo research has been carried out
intoe the optimal use of this carbon source, or dts role in
various processes pravailing in an activated sludge system.
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Removal of non-biodegradable COD

The removal of non-bicdegradable COD has, 1ike the utilisation
¢f particulate COD, recelved 1ittle or no attention. Effluent
€00 levels in excess of the effluent standard, have been
observed to arise as result of high levels of non-biodegradable
COD in the influent. Methods to reduce effluent levels to
within the standard should be investigated.

5ludge bulking in nutrient removal plants

Sludge bulking is a problem experienced in a number of nutrient
removal plants. While this problem may be prevented by correct
design of new plants, operational protocols are required for
bulking control in existing plants. Further research to
consolidate design features and operational aspects is raguired.
Alternate methods of solids separation should be investigated.

Further Research Emanating from the Comtract
In addition to the abovementioned ancillary avenues which should
be investigated, the following areas emanating from this

Contract, deserve aitention in the future :-

Updating of the biochemical and mathematical models

Current biochemical and mathematical models develaped by the
University of Cape Town and the ity of Johannesburq, should be
continually updated in the light of new findings, in order to
retaln these models at the forefront of research in this area.

The theoretical data gengrated by these models should be linked
to operational aspects and then consclidated into a cohesive

whole.

Consplidation of on-line monitoring protocols

{ansiderable progress has bean made with on-1ine monitoring of
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activated sludge plants &nd the handling of data from the
monitors, Protocols for their routine use need ta be drawn up.

Monitoring effects of innovating design
features on process efficiency

A number of design ideas have been generated during the research
undertaken during this Contract. In order to evaluate their
uvsefulness, their effect on process efficiency should be -
monitored.

Consolidation of biological munituring proceduras

Yarious monitoring techniques have been used during this
Contract. Attempts should be made to consolidate and rationalise
their use.

Handling phosphate removal plant failures

In the leng sludge age plants operated in South Africa,
phosphorus can be immobilised over a period of up to twenty days
in the sludga.

Plant fatlures could result in disruption of the enviromment to
such an extent, that the immobilised phosphate is releazed to
the agqueous phase. Strategies should be developed to deal with
such an eventuaiity. These shouid dnclude protocols for
restarting the plant.

Cost effectiveness of feed process alteration
versus chemical addition for phosphorus removal

A preliminary paper study revealed that optimiszation of
biological phosphate removal by altering the process feed
composition, 4s cost eaffective in comparison to chemical
addition. However, additional facters such as possible reduced
gas production, the effect of chemical addition on the salinity

of the rivers, and the effect of sludge handiing, should be
jnvestigated,
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CHAPTER NINE -

PUBLICATIONS

During the course of this contract, Johanneshurg City Council Staff have
presented results at international and local conferences and a number of
papers have been published. A list, covering the full contract period from
1984 to 1988, appears below for easy reference.
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