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EXECUTIVE SUMMARY

1 INTRODUCTION

Eutrophication of South Africa’s natural
waters is greatly accelerated by human
activities which result in the discharge of the
nutrients nitrogen (N) and phosphorus (P).
Gross eutrophication is marked by large
visible blooms of algae, which makes water
treatment difficult. Many algae have the
ability to fix nitrogen into the water and
therefore phosphorus is the element that
should be restricted in order to minimise
eutrophication.

Nutrients are introduced into the water from
point sources, e.g. wastewater treatment
works, and diffuse sources, e.g. from
fertilizers or the excreta of animals and birds.
It is easier to control the emission of
nutrients from the point sources than from
diffuse sources, hence restrictions on
wastewater discharges.

Nutrients can be removed from wastewater
effluents either by chemical or by biological
means. The former is necessary if biological
filters are being used to treat the wastewater
but the latter is more economical and is
suitable for various forms of activated sludge
systems. Both have advantages and

disadvantages.

This manual has been prepared to assist
managers and owners of biological nutrient
removal wastewater treatment plants by
providing information which is aimed at
improving the wunderstanding of the

mechanisms that are at work and providing
information to optimise the performance of
the works.

2 LEGAL REQUIREMENTS

At present the Department of Water Affairs
and Forestry controls water pollution from
point sources by requiring that effluents
comply with uniform standards which are set
at technologically and economically attainable
levels. These controls limit the rate of
deterioration of the receiving waters.

The Water Act (Act 54 of 1956) is the
controlling legislation. It is currently under
review and may be amended within the near
future. The right to use water as well as the
discharge of any effluent resulting from such
use is regulated in terms of the Act. The
person so using the water must purify the
resultant wastewater to conform to standards
published in the Government Gazette. The
standards may apply either generally, in
relation to water used for any particular
purpose, in relation to discharge into any
particular stream or into the sea, or to any
particular area. There are the General and
Special Standards with certain sensitive areas
scheduled where the discharge of
orthophosphate is limited to 1 mg/¢ as P. It
is however possible to apply for exemption
which may be granted by the Minister under
certain circumstances.
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~ The Department of Health administers the
Health Act (Act 63 of 1977) which aims inter
alia to promote a safe and healthy
environment. In terms of this legislation the
Minister of Health may make regulations
relating to the supply of water for human use,
the location of water and wastewater
treatment works and the quality of water
intended for human consumption.

3 GENERAL DESCRIPTION OF
BIOLOGICAL NUTRIENT
REMOVAL THEORY

The principal nutrient elements for
maintaining and reproducing life are carbon
(C), hydrogen (H), oxygen (O), nitrogen (N)
and phosphorus (P). By limiting the discharge
of nutrients the growth of unwanted aquatic
organisms can be restricted.

Organic and inorganic carbon is removed
from wastewaters in a series of oxidation-
reduction reactions. A fraction of the carbon
which is soluble and non-biodegradable
cannot be removed, and this is discharged
with the effluent. The soluble fraction that is
readily biodegradable is rapidly utilised by
the organisms.

Some of the non-biodegradable particulate
fraction is removed in the primary
sedimentation tanks and the remainder with
The biodegradable
particulate fraction is used slowly by the

the waste sludge.

organisms.

Nitrogen in the wastewater is converted from
the ammoniacal and organic forms to nitrate

in an aerobic environment. The nitrate can be
reduced to nitrogen gas in an anoxic
environment (a process called denitrification).
Under anoxic conditions the most readily
biodegradable carbonaceous material is used
as the food source.

Phosphorus removal is achieved by a group
of micro-organisms, collectively known as
poly-P storers, which have the facility to
store and release phosphorus under
appropriate conditions. Under anaerobic
conditions and in the presence of short-chain
fatty acids (SCFA) the poly-P storers release
the phosphorus as ortho-phosphate into the
water. The energy released in this action is
used to store the short-chain fatty acids for
future use. When entering an anoxic or
aerobic environment they utilise the SCFA
for growth and to replenish their poly-P store
by abstracting orthophosphate from the
wastewater resulting in an uptake of
phosphorus in excess of systems without
anaerobic zones. The stored phosphorus is
removed from the wastewater with the sludge
that is wasted from the system.

Phosphorus can also be removed from the
wastewater chemically using either a metallic
salt such as iron or aluminium, or with lime.
The disadvantages of metallic salts are that
they cause drops in the pH and alkalinity of
the liquid as well as increase the
concentration of dissolved salts in the
effluent. The disadvantage of using lime is
that the dose required depends on the pH and
alkalinity of the wastewater.
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4 BIOLOGICAL NUTRIENT
REMOVAL SYSTEM
CONFIGURATIONS

4.1 Introduction

It is necessary to create zones that are either
aerobic (dissolved oxygen present), anaerobic
(absence of dissolved oxygen as well as
nitrate) and anoxic (absence of oxygen but
not of nitrate) to effect biological nutrient
removal. The anaerobic zone is required to
effect the removal of phosphorus while the
anoxic zone is necessary for the removal of

nitrate.

Various configurations have been developed
for the removal of these nutrients.

4.2 Nitrogen removal systems

The first system was developed by
Wuhrmann and consisted of an aerobic zone
followed by an anoxic zone. Denitrification
in this system is limited by the amount of
carbon entering the anoxic zone. The carbon
for the denitrification process is supplied by
the endogenous decay of the micro-organisms
and as a result was very slow.

In the Modified Ludzack-Ettinger process
(MLE) the anoxic zone is placed ahead of the
aerobic zone so that the carbon in the
incoming sewage can be used for
denitrification. The recycle from the aerobic
zone to the anoxic zone which recycled the
nitrate for stripping was introduced.
Complete denitrification is not possible and
nitrate is discharged with the effluent.

The Bardenpho system introduced a
secondary anoxic stage, followed by a small
intensely aerated zone to strip the nitrogen
bubbles from the sludge. At low ™/
ratios the Bardenpho system will produce an
effluent with a lower nitrate concentration
than the MLE system.

4.3 Nitrogen and phosphorus removal
systems

Phosphorus removal is dependent on the
creation of an anaerobic zone in the system.
In all the full-stream processes this has been
achieved as a modification to the nitrogen

removal systems described above.

The various systems in common use in South
Africa are shown diagrammatically overleaf.
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The selection of these systems is dependent zones. The table below sets out the
on the ™Y/, ratios of the wastewater being advantages and disadvantages of each
treated and the need to avoid returning configuration.

nitrate into the anaerobic

Table 1: Advantages and disadvantages of nitrogen and phosphorus removal systems
Process - Advantages .- . Disadvantages -
Phoredox Optimal nitrogen removal due to maximum The S-recycle discharges directly into the

use of anoxic volume. anaerobic zone and thus any nitrate in the
effluent will decrease the effectiveness of the
anaerobic zone.
UCT The R-recycle should be very low in nitrate | The A-recycle rate must be carefully
and oxygen and thus near optimal use of the | controlled so as not to overload the anoxic
anaerobic reactor is achieved. zone with nitrate which will be returned to
the anaerobic zone.
The introduction of a third recycle
complicates the operation of the plant.
Modified The same as for the UCT system except that | The same as for the UCT process except
UCT the first anoxic zone is exclusively for that by utilising the first anoxic zone for
denitrifying the S-recycle. denitrifying the S-recycle the overall ability
of the plant to reduce nitrates is further
Careful control of the A-recycle is not reduced.
required.
Johannesburg | The anoxic zone between the settler and the | The anoxic volume available for
" anaerobic zone is exclusively for denitrifying | denitrification of the A-recycle is reduced
the S-recycle. This results in the return due to the exclusivity of the underflow
flow to the anaerobic zone being very low in | anoxic zone.
oxygen and nitrogen and near optimal use of
the anaerobic reactor is achieved.
The volume of the underflow anoxic reactor
is small.
4.4  Sidestream configurations

A side-stream system, known under the
patented name of Phostrip, was developed in
America for the removal of phosphorus. The
initial concept was to provide an anaerobic
zone into which a portion of the return
activated sludge could be diverted. Release
of the phosphorus occurred as a result of the
extended anaerobic periods to which the
sludge was subjected. An elutriant stream

was used to wash the phosphorus out of the
system, to be precipitated with lime. In
subsequentdevelopments, settled sewage was
used as the elutriant and a separate anoxic
zone was provided on the return to reduce
any nitrate present in the return activated
sludge before it entered the anaerobic zone.
In both cases the sludge was returned to
the aerobic reactor. The advantages and
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disadvantages are shown in Table 2.

Table 2 :

Advantages and disadvantages of the Phostrip process

Process. |

Advantages .

. Disadvantages

Phostrip System | The excess phosphorus in the
waste sludge is chemically
bound. Thus if the sludge

conditions, the P will not be
released back into the liquid
phase.

should be subjected to anaerobic

Additional reactors and operational complexity
and additional maintenance will also be
required.

The effects of nitrification on the different
Phostrip layouts will reduce the anaerobic state
of the stripper significantly.

Chemical handling facilities and dosage
equipment would be required.

5 PRIMARY SEDIMENTATION

Primary sedimentation reduces the organic
load entering the activated sludge reactor.
The reduction in load is achieved as the
result of the solid material in the wastewater
settling out in relatively quiescent conditions
under the influence of gravity. The solid
matter is removed for further treatment.

Poor performance of the primary settling
tanks can adversely influence the operation of
a biological nutrient removal works by
increasing the load to the reactor, decreasing
the oxygen to a point at which nitrification is
lost, and increasing the biosolids
concentration to the point of secondary
clarifier failure. Septicity of the sludge will
cause odour problems and toxic sludges can

cause complete digester failure.

The primary sedimentation tanks can be used
for the fermentation of the primary sludge to
generate additional rapidly biodegradable
COD and SCFA for improved phosphorus
removal. This requires the elutriation of the

fermenting sludge, either within the tank or
more usually by recycling the fermenting
sludge to the incoming sewage. It is
important to maintain a constant sludge
recycle and to waste sufficient sludge daily to
avoid an excessive sludge build-up.

6 FERMENTATION

Short-chain fatty acids (SCFA) are essential
for the successful removal of the phosphorus
from the wastewater. These are either
generated in the anaerobic zone of the
reactor by the acidic digestion of the rapidly
biodegradable COD (RBCOD) or can be
supplemented by the fermentation of primary
sludge. RBCOD generation from primary
sludge can be maximised by preventing the
onset of methane formation through control
of the period for which the sludge is
fermenting. The fermentation period should
be kept between 3 to 6 days.

Fermentation can be effected in either a
batch process or in a continuous process. In
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the former case the sludge is introduced into
a tank and allowed to ferment for the
required period before the SCFA is elutriated
and the sludge removed. In continuously fed
tanks the sludge is introduced daily. The
elutriation and sludge wasting is continuous.
It is normal for elutriation to be achieved by
recycling the sludge and allowing it to
resettle. Alternatively settled sewage can be
pumped into the base of the fermenter tank
and allowed to overflow into the main
stream.

The most important aspect of the operation is
the determination and control of the solids
retention time (SRT). The appropriate SRT
should be determined by measurement of the
SCFA that are being developed at different
sludge ages and thereafter the sludge wasting
cycle established. This is a function not only
of the temperature, but also of the degree of
fermentation that has occurred already due to
long retention in the outfall sewer.

7 FLOW BALANCING

The objective of flow balancing is to even
out the variations in flow rate and loads that
occur throughout the day. It enables the peak
oxygen demand rate to be reduced, it
smooths out the concentration of
carbonaceous material entering the reactor,
thus assisting denitrification, it provides an
appropriate point of return for concentrated
recycle streams from elsewhere on the works
and, where chemical dosing is practised, it

simplifies the chemical feed control.

The contents of the tanks require constant
mixing, not only to prevent the deposition of

solids, but also to spread the load across the
tank. The outflow of the tank is often
controlled electronically by means of valves
or penstocks as the varying depth within the
balancing tank generally makes hydraulic and
manual control difficult.

8 REACTOR OPERATION
8.1 Mixing of unaerated zones

Mixing of the unaerated zones is imperative
in order to prevent the deposition of solids
and thus varying the mass fractions
unintentionally. Mixing intensities should be
as low as possible in order to limit the
introduction of air as this adversely affects
nutrient removal.

8.2 Oxygen utilization rate

The oxygen utilisation rate (OUR) is the rate
at which the oxygen is used by the
organisms. It varies in a plug flow reactor
according to the distance from the inlet. It is
at its highest nearest to the inlet, reducing
along its length. This effect is also magnified
according to the temperature, being far
higher at the inlet at elevated temperatures.

8.3  Measurement of dissolved oxygen

(DO)

The dissolved oxygen (DO) varies throughout
the reactor, especially in reactors with
surface aerators. Measuring points should be
carefully selected and multiple points used in
the larger works. Even self-cleaning and self-
calibrating DO probes require regular
checking and calibration.

(xii)



8.4 Aeration equipment

There are essentially two types of aeration
equipment - mechanical aerators and diffused
air. The former rely on the agitation of the
liquid to introduce the oxygen into spray as
well as the powerful mixing action induced.
The latter rely on the transfer from the small
bubbles that are formed at the diffuser head
as they rise through the liquid.

8.5 Control of diffused air aeration
equipment

Control of the rate of aeration by diffused air
equipment is effected by either using
damping valves on the inlet to the blowers or
by varying the speed of the blower in order
to contain the DO within predetermined high
and low set points.

8.6 Control of mechanical aerators

There are three basic methods in use for the
control of the aeration achieved with
mechanical aeration systems.

. Dissolved oxygen probe generated,
with controlled switching on and off
of aerators with manual or automatic
liquid level maintenance to maintain
the dissolved oxygen, as measured at
one or more points between fixed
upper and lower limits.

. Time-generated controlled switching
on and off of aerators with manual or
automatic liquid level maintenance.
The timing sequence can either be set
manually or be based on historic
data.

. Dissolved oxygen probe generated,
with oxygen transfer of aerators
controlled by immersion depth

variation with automatic liquid level

maintenance initiated by dissolved

oxygen measurements.
8.7 Control of sludge age

Control of sludge age is important in
controlling the performance of a works.
Sludge age is defined as the mass of sludge
in the reactor, including that in the unaerated
reactors, divided by the mass of sludge
wasted per day. Therefore, in order to waste
a fixed fraction of the total mass each day the
most simple and accurate method is to waste
a fixed volume of mixed liquor each day and
hence a fixed proportion of the total sludge
mass. Such wasting should preferably take
place over a long period each day to prevent
overloading of the sludge handling facilities.

8.8 Control of internal recycles

Control of the intemnal recycles is the next
most critical operation for the successful
removal of nutrients.

. A-recycle (aerobic-anoxic recycle)

This recycle returns nitrate to the anoxic zone
for denitrification. Control is important as too
high a rate can result in reduced phosphorus
removals, higher pumping costs and as recent
research has shown, a bulking sludge. It can
be optimised as indicated in the table below.
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Table 3 : Optimisation of A-recycle rate

High effluent nitrate; zero nitrate at the end of the
anoxic zone.

Increase recycle rate, further denitrification may be
possible.

High nitrate at the end of the anoxic zone;
decrease in P-removal in the UCT process; bulking
sludge.

Reduce recycle rate to save power - the anoxic
zone is operating at its full denitrification potential
and no further denitrification is possible.

. S- recycle (clarifier recycle)

Control of the return rate of the clarifier
underflow is important as it has a similar
concentration of nitrate as is in the effluent.
In the Phoredox system it affects phosphorus
removal directly and the rate should be
minimised. In the Johannesburg and UCT
systems it is possible to overload the anoxic
zone and to exceed the denitrification
Strict control is
required to prevent nitrate passing into the

potential of the zone.

anaerobic zone reducing phosphorus removal.

. R-recycle (anoxic-anaerobic recycle)

This is applicable only to the UCT and
MUCT processes and should be controlled to
ensure that sufficient solids are returned to
the anaerobic zone to maintain the design
anaerobic mass fraction.

9 FINAL CLARIFIERS

The final clarifiers are used to separate the
solids from the liquid, ensuring a clear
effluent and return of the thickened biomass
to the reactor. Poor performance of the
clarifiers is wusually due to reduced
settleability of the sludge caused by over- or
under-aeration, poor control of the A-recycle
and low pH values.

Clarifiers can be circular, the more popular
South African selection or rectangular in
plan. The sludge is either collected by gravity
in Dortmund type tanks or by mechanical
scraping. The sludge is discharged
continuously either through a rate controlling
valve or directly into the pump suction to be
pumped back to the reactor. Sidewall depth is
important to ensure adequate depth for the
settling and

alternative sludge removal system is the

compression zones. An

suction lift type for flat-bottomed clarifiers.
Scum removal systems need to be able to
remove scums quickly before the release of
phosphorus can occur. Alternatively no scum
boards may be fitted, preventing the
accumulation of scums, but this can result in

an increase in effluent suspended solids.

Sludge can be recycled either by means of
centrifugal or Archimedean screw types of
pumps. The latter type has the advantage of
being able to pump at the same rate as the
incoming flow but can add air to the return
flow, an undesirable feature for BNR works.
Rate of flow adjustment is required, in order
to prevent the retention of the sludge in the
clarifiers for too long a period which can lead
to the release of phosphorus and rising
sludges due to denitrification.
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10 SLUDGE THICKENING AND
DISPOSAL

Phosphorus is transferred from the liquid to
the biological solids in the system in a BNR
works. Provided the sludge remains in an
aerobic state the phosphorus remains bound
to the sludge. However when the sludge
becomes anaerobic, phosphorus will once
again be released to the liquid phase. This
occurs relatively quickly after aeration ceases.
Release can also occur in aerobic digestion,
once the substrate has been exhausted.

Table 4:
DAF thickening

In order to reduce the digester size, the waste
sludge will require thickening particularly if
it has been wasted directly from the
biological reactor. Gravity thickening and
dissolved air flotation thickening are the
methods commonly used in South Africa.
These are compared below.

Advantages and disadvantages of gravity thickening compared to

Has sludge storage capabilities.
Requires less operational skill.

Lower operation and maintenance

Requires more area.
Can produce odours.

Solids liquid separation can be problematic especially if
cost. "bulking" sludges are thickened.

Produces a lower thickened sludge concentration than DAF
thickening,

Denitrification can occur causing flotation and subsequent
sludge carryover.

P release into the clarified liquor can occur should the sludge
become anaerobic.
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Table 5:
gravity thickening

Advantages and disadvantages of DAF thickening compared to

Provides greater solid/liquid

separation and solids concentration
when thickening WAS. P release.
Is effective in removing grease and
oil. thickeners.

Requires a smaller tank area.
Does not produce odours.

Anaerobic phosphorus release into
the clarified liquor is prevented.

Can be operated in batch mode as
it is relatively easy to start up and
switch off.

Has very little sludge storage capacity - can only store for a
couple of hours which may have an advantage in minimising

Operating and electricity costs are much higher than gravity

Requires more skill in operation than a gravity thickener.

Both of these systems will produce a
thickened sludge which is rich in
phosphorus.  As a result any liquors
subsequently emanating from these sludges
will be rich in phosphorus especially when
digested anaerobically.

Anaerobic digestion is more fully described
in "Anaerobic Digestion of Waste Water
Sludge-Operaring  Guide"(WRC  Project
No 390). The main problem as it effects
biological nutrient removal is the
management and treatment of the liquors that
come from the digester itself and in
particular from the dewatering stages. Such
liquors are characterised by very high

nitrogen and phosphorus concentrations.

Depending on circumstances these can be
treated either by transferring them back to
the head of the works or in a separate
dedicated plant. The former will affect the

TN/ op ratio of the incoming sewage
detrimentally. The latter will require the
addition of chemicals, to remove phosphorus
and control the pH. Alternatively they could
be disposed of by irrigation, subject to
approval by the Dept of Water Affairs and
Forestry, and the addition of sufficient
dilution water to prevent nitrogen poisoning
of the vegetation and nitrate pollution of
groundwater.

The disposal of sludge should be carried out
in accordance with the guidelines produced
by the Department of Health.

11 SIDESTREAM SYSTEMS FOR
PHOSPHORUS REMOVAL

A system of phosphorus removal was
developed in America by Dr Levin, which
has been patented under the name of
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Phostrip. No theoretical basis has been
developed for this system and control and
operation are empirical relying on the use of
the laboratory to determine the mass of
incoming and outgoing phosphorus in the
liquid phase.

The operator has a number of control
strategies available. By decreasing the sludge
age in the aerobic reactor he can increase the
active mass of the sludge and hence the
ability of the sludge to store phosphorus. The
concentration of the return sludge can be
increased by reducing the S-recycle rate and
hence the concentration in the stripper. This
in turn affects the solids retention time in the
stripper and the release of phosphorus.
Varying the rate of bleed off from the S-
recycle into the stripper will also affect the
solids retention time. The rate at which the
underflow is withdrawn also affects the
solids retention time. All these actions will
atfect the amount of phosphorus released
from the sludge.

The stripper operates in the same manner as
a thickener and care should be taken not to
overload it in terms of sludge loading.

12 CONTROL TESTS

The performance of the works should be
monitored regularly in order to ensure that it
is meeting its performance criteria and that it
is doing so in an efficient manner. The
monitoring can take place in the following

ways:

12.1 Visual inspections and observations
conducted on a daily basis. The

12.2

12.3

12.4

(xvii)

operator needs good experience,
linked to formal measurements, in
order to detect impending problems.
The senses of sight, hearing and
smell should all be used so that any

abnormality can be detected quickly.

In situ measurements which can be

taken either manually or
automatically or be the product of
on-line instrumentation. This is
usually limited to DO and pH
measurements, although larger works
may have more sophisticated on-line
equipment.

Analysis of samples in the
laboratory, whether on site or at an
outside laboratory. This is the most
usual method of monitoring the
performance of the works. Samples
may either be grab samples or
composite samples, depending on the
tests to be carried out. The accuracy
of the results depends as much on the
correct sampling and handling
procedures as on correct analytical
work. Such tests are necessary to
ensure

compliance  with legal

requirements and the speedy
identification of developing
problems. Graphs of the measured
data should be plotted to identify
trends.

The systematic collection and
collation of data including visual
observations can be referred to for
improved plant performance. It is
important to maintain full and

comprehensive records on the works,



but these should be limited to those

that will help the operators to.

recognise trends or provide designers
with the necessary data to design the
next extension.

13 TROUBLE SHOOTING

The operator is referred to the trouble
shooting guide in this manual in the event of
any specific problem arising at any point on
the works.
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1.1

CHAPTER 1

INTRODUCTION

The Nature and Extent of the Water Pollution Problem

"Man is both creature and moulder of his environment, which gives him physical sustenance and

affords him the opportunity for intellectual, moral, social and spiritual growth. In the long and

rortuous evolution of the human race on this planet a stage has been reached when, through the

rapid acceleration of science and technology, man has acquired the power to transform his

environment in countless ways and on an unprecedented scale.

Both aspects of man’s

environment, the natural and the man-made, are essential to his well-being and to the enjoyment

of basic human rights — even the right to life itself"

Declaration of the Report of the United National Conference on the Human Environment.

Stockholm 1972.
1.1 Effects of nutrients on bodies of water

The continuous enrichment of waters with
nutrients notably nitrogen and phosphorus in
conjunction with carbon dioxide results in the
prolific growth of algae (algal blooms), a
process referred to as eutrophication.
Eutrophication is a natural ageing process which
occurs regularly in lakes over hundred of years
and is usually limited to quiescent bodies of
waters such as lakes and impoundments. The
natural eutrophication process is however greatly
accelerated by human activities in the catchment
areas of lakes and impoundments, through the

increased input of nutrients.

Gross eutrophication is marked when the
inorganic soluble nitrogen (N) and phosphorus
(P) in waters reaches concentrations in excess of
0,3mg N/¢ and 0,015 mg P/f respectively.

Large visible algal blooms occur when these
conditions are met. If eutrophic impoundments
are utilised as sources of potable water then
additional costs are incurred by water
purification works using these waters, due to
problems associated with tastes and odours, filter
and screen clogging, slime accumulation in pipes
and toxicity caused by certain algae. In addition
to these treatment problems the appeal of the

water for recreational purposes is also reduced.

Furthermore, although algae form an essential
part of the aquatic environment excessive algal
growth is detrimental to the aquatic ecosystem.
For example, when large numbers of algae die
at the same time, a large pool of nutrients is
released into the water body, resulting in an
accelerated growth of other organisms, which
depletes the water of oxygen and may result in
fish kills.
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The species of algae associated with
eutrophication can be divided into four broad
groups, namely, the blue-green algae
(Cyanobacteria), the green algae (chlorophyta),
the diatoms, and the flagellates.

The blue-green algae bloom extensively during
late summer and play an important role in the
nitrogen cycle. The ability of these algae to fix
nitrogen from the atmosphere can be regarded as
the starting point of the nitrogen cycle.
Nitrogen, assimilated by these algae from the
atmosphere, is released by the algal cells when
they die and is then available to all the other
aquatic life forms. It is therefore virtually
impossible to control eutrophication by limiting
nitrogen and in most cases phosphorus has been
shown to be the limiting nutrient. It is for this
reason that much research into biological
phosphorus removal has been carried out in

recent years.

1.2  Sources of nutrients

Nutrients resulting in rapid eutrophication are
introduced to waters by human activities from
both diffuse and point sources. Nutrients
introduced from diffuse sources are difficult to
control because as the name suggests they are
introduced in relatively small concentrations over
large areas from sources such as fertilizers,
livestock, water fowl, informal settlements etc.
Nutrients introduced from point sources are
easier to control as the nutrients that originate
from residential and industrial areas are
concentrated at a point by means of sewers. The
focus of this manual is on the effective operation
of various biological works to remove nutrients

responsible for eutrophication from these point
sources.

1.3 Systems used to limit nutrients

Limitation of nutrient discharges into waters
from point sources is usually achieved by
biological means, either by way of biological
trickling filters or activated sludge systems. Both
these systems utilize naturally occurring bacteria
to reduce the nutrient concentrations entering
waters. Artificial conditions favourable for the
controlled growth of these bacteria are created
within these systems and results in
concentrations of at least a million times that
found in the natural environment. The bacteria
in these systems utilize the nutrients for growth
and in this way the nutrients pass from the liquid
phase into the solid phase and are concentrated
in the biological culture.

Although the biological trickling filters and
activated sludge works are effective in removing
carbon it is only the activated sludge works that
can be designed to remove nitrogen and
phosphorus from wastewater streams effectively.
This is achieved biologically by the
incorporation of aerobic (oxygen and nitrate
present), anoxic (nitrate present but deficient in
oxygen) and anaerobic (deficient in nitrate and
oxygen) zones. In the aerobic zone, carbon is
removed and ammonias are oxidised to nitrate,
in a process called nitrification. In the anoxic
zone, the nitrates are reduced to nitrogen gas via
the denitrification process. The anaerobic zone
13 essential for inducing biological P removal.
Systems which do not incorporate these features
generally rely on iron (Fe) salts such as ferric
chloride (FeCl;) and aluminium (Al) such as
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aluminium sulphate (Al,(SO,),) or lime Ca(OH),
to precipitatt phosphorus and so limit
eutrophication.

Both chemical and biological nutrient removal
have a place in limiting the eutrophication of
waters. The advantages and disadvantages of
each are listed below.

1.3.1 Advantages of chemical phosphorus
removal

With proper control and dosage, a consistently
low effluent P concentration can be ensured.

Chemically precipitated phosphorus is not easily
dissociated, thus reducing release back into the
liquid medium.

The dosing systems can be easily incorporated
into existing systems at a reasonable cost and are
not greatly influenced by wastewater
characteristics. The dosage is, however, affected
by the diurnal phosphorus patterns.

1.3.2 Disadvantages of chemical
phosphorus removal

The chemicals used are corrosive in nature and
require care when handling, thus necessitating

more expensive equipment.

Chemical costs result in significant increases in
treatment costs.

It increases the salinity in receiving waters,
particularly when these waters are reused a
number of times.

Careful control of chemical dosing to match
diurnal phosphorus load patterns is required.

The chemical (e.g. iron and aluminium) dosing
ratio is much higher than-the stoichiometric
relationship.

The sludge volumes and masses produced are
increased by the generation of chemical sludges.

Chemical addition results in sludges which are
more difficult to de-water prior to disposal.

Excessive dosing can affect the efficiency of
biological P removal. However, this may not
always be true for all wastewater works.

1.3.3 Advantages of biological nutrient
removal

Savings in chemical costs.

It does not add significantly to the salinity of
receiving waters.

The long sludge ages required by the process
produce sludges which are not odorous.

It produces sludges suitable for use as soil
conditioners if the wastewater does not contain
excessive heavy metals due to industrial wastes.

Some of the alkalinity and oxygen used during
nitrification is recovered in the denitrification
process.
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1.3.4 Disadvantages of biological

nutrient removal

The efficiency of removal is influenced by the
wastewater characteristics.

The phosphorus-rich biological sludge wasted
from the system will release phosphorus back
into the liquid stream if it is not treated
correctly.

Because unaerated zones are introduced,
relatively long solids retention times (sludge
ages) are required in the biological reactors to
ensure nitrification in winter, resulting in large
biological reactors.

Anaerobic  digestion of phosphorus-rich
biological sludges in the presence of magnesium
can result in struvite precipitation causing
blockages in digester pipework. Unfortunately
the maximum concentration of magnesium to
avoid precipitation is not known.

It requires greater skills from the operating staff.

1.4 Purpose of Manual

This Manual is intended for use by managers
and owners of biological nutrient removal
wastewater treatment works in South Africa and
the staff who operate them.

The objective of the Manual is to provide
information which will assist trained operators to
understand the complexities of biological
nutrient removal and to optimise the control of
these systems. The presentation assumes that the
reader has some experience with activated sludge
systems and wastewater treatment works at a
level equivalent to a Class IV operator.

The Manual does not cover the operation of the
inlet works, which comprises screening and
degritting, as their operation is common to most
wastewater treatment works and has little
influence on the performance of the biological
nutrient processes. It is however important for
the protection of mechanical equipment installed
in downstream processes.
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CHAPTER 2

LEGAL REQUIREMENTS

2.1 Policy

The policy of the Department of Water Affairs
and Forestry, which is the regulatory body, is
best summarised by the following quotation from
the Annual Report of the Department, 1988/89.

"The Department is responsible for protecting
the water quality of the country’s water
resources.

The proper management of water quality
requires that comprehensive water quality and
quantity plans are developed and implemented
for each drainage basin in the RSA. For the
development of such water resource management
plans, pollution control must be integrated with
the Department’s other water quality and
quantity management activities and must be
aimed at achieving water use-related quality
objectives.

Major economic, political, social and
demographic changes are taking place in the
RSA. These changes are manifested in increasing
competition for State funds; the increasingly
important role the informal sector and small

businesses are playing in the national economy;

and changes taking place in urbanisation
patterns. These changes also have an impact on
water quality and the.management thereof. At
the same time there is an increasing awareness
among South Africans of water quality and the
need for its proper management.

At present, the Deparmment controls water
pollution from point sources by requiring that
effluents comply with uniform (general and
special) which were set at
technological and economically antainable levels.

Relaxation of these standards is negotiated in

standards

certain individual cases on the basis of
technological, economic and socio-political
considerations, often without the benefit of
knowing the impact of the standards or their
relaxation on the quality of the receiving waters.
It is believed that, in general, these standards
serve a useful purpose by limiting the rate of
deterioration in water quality focusing attention
on pollution and promoting improvemenis in
waste-water treatment technology and
management. However despite these efforts to
control pollution, the deterioration of the quality

of our water resources is continuing."
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2.2 Legislation primarily affecting the source
of pollution or dealing with activities
which produce pollution

2.2.1 Pollution resulting from the use of
water for industrial purposes

The use of water for industrial purposes is
governed by the Water Act, (Act No 54 of
1956). The Water Act is currently being
reviewed by the Department of Water Affairs
and Forestry and will be amended. Because
industrial effluent, when returned to a water
source, disadvantages other users, the authority
to grant rights to the use of public water for
industrial purposes has been conferred on a
water court. No-one may use public water for
industrial purposes without the permission of a
water court except in the case of water supplied
by the Minister from a state waterworks, a local
authority or similar body that has the right to
control or supply water to any person using
public water for industrial purposes in terms of
section 62(2I)(a) of the Water Act, and any
person not exceeding the quantity of water
lawfully used by him previously. A further
exception is made in the case of a person who
has a right to use public water for agricultural
purposes. A person also may obtain a permit
from the Minister to use water for the
development of power or for the winning or
washing of sand, gravel or stone, etc.

In addition to the right obtained from a water
court to use public water for industrial purposes,
if the use of public water is to exceed 150 nr' on
any day, a permit from the Minister is required.
In addition, in an appropriate case, a permit for
a water care works as defined in the Water Act
1956 will be required.

The sanction for the use of water for industrial
purposes exceeding during any day 150 m®
except under the authority of a permit and
strictly in accordance with the conditions thereof
is that the supply will be suspended or reduced
to a quantity determined by the Minister.

Certain duties and exceptions must be noted:

(a) Duty to purify effluent

Where any water, including sea water, is used
for industrial purposes, the person so using the
water must purify any resultant wastewater,
effluent or waste so as to conform to such
requirements as the Minister of Water Affairs &
Forestry may, after consultation with the South
African Bureau of Standards, prescribe by notice
in the Gazette. These requirements provide a
large degree of flexibility in that they may be
prescribed either -

(i) generally, or