Course book Wastewater Treatment Techniques

Preface
This textbook corresponds to the module Wastewater Treatment Techniques for process
controllers, the second module of the course Wastewater treatment. The course is developed
as a project within the Centre of Expertise in Durban, South Africa. This Centre is a joint
innovative of the Netherlands and South Africa to implement innovative methods and
experiences in Southern Africa. The course book is the successor of the course of Module 1,
Basics of Wastewater Treatment.
After a short overview of the water and wastewater cycle and the different process steps,
various wastewater treatment techniques are put forward in this course. The treatment steps,
including mechanical, chemical, physical and biological treatment, are discussed in detail. The
participants are introduced in the background of the nitrogen cycle. The course focusses on
the removal of nitrates and phosphates in different circumstances.
To make the course as effective as possible for you, we hope that you will share your
knowledge and examples, that you feel free to ask explanations. We hope you will enjoy the
training and wish you lots of success. Please let us know if you have any comments, because
with your comments we can improve the training!
Best regards,
Agnes Maenhout (CEO World Water Academy / Wateropleidingen) and the trainers from
World Water Academy, Waternet and eThekwini
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1

Introduction

1.1 Wastewater treatment
Water is a key element for life on earth. Human mankind cannot do without water, both in
quantity and quality. The use of water for drinking water production, gathered from the
natural resources, is essential for the livelihoods. But used water should also be treated for a
healthy environment and livelihood. Below is a scheme with human interaction within the
water cycle.

This course focus on the treatment of used water. The wastewater treatment process consists
of various steps to come from used and polluted water to water, that can be released to the
natural resources.
Wastewater treatment plants can differ with different processes. The processes will vary
according to the amount and the type of wastewater to be treated and the effluent
requirements. For domestic wastewater treatment plants common steps are
screening/sieving, sedimentation, aeration, settlement, disinfection and discharge. For
treatment plants with a lot of industrial wastewater extra steps can be added like fat removal,
flotation or precipitation. The water treatment processes produce sludge. This sludge can be
thickened, digested, dewatered and disposed; the final destination and the plant size
determine the choice made for different possibilities.
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The most common steps are given in the table.
Type of process
Sieving
Sedimentation
Flotation
aerobic biological processes
settlement
chemical oxidation
thickening
anaerobic biological processes
filtration

Treatment step
sieving / screening
degritting, pre-treatment
fat removal
activated sludge
clarifier
disinfection
thickener, sludge dewatering
sludge digestion
effluent polishing / sand filter

Processes in wastewater treatment can be chemical (substances are converted in other
substances by chemical reactions) , biological (substances are converted in other substances
by bacteria), or physical (the process uses physical factors, e.g. gravity, radiation).

1.2 Pollutant removal
The most important components in wastewater entering the WWTP are C (carbon in organic
matter), N (nitrogen from proteins) and P (phosphorus from organic matter). These
components are present as dissolved or particulate matter.
The WWTP has three exits, the effluent contains most of the water with some dissolved N and
P, the sludge contains most of the particulate matter with C, N and P and the emission to the
6

atmosphere contains the oxidised Carbon from organic matter as CO2 and removed Nitrogen
as N2.
EMISSION
gas

C N
EFFLUENT

dissolved

C
N

particulate

dissolved

N P

WWTP
particulate

P

WASTEWATER

C N P

SLUDGE

Wastewater is commonly considered as a polluter of surface water and the objective of
WWTP’s is to remove most of the pollutants from the wastewater so that effluent can be
discharged to surface water within the limits of the permits and Green Drop requirements.
The sludge is the waste product from wastewater treatment and should be disposed within
environmental limits, preferably at low costs. The emissions to the atmosphere do normally
not present problems, except for the emission of odors which may cause complaints from
neighbours.
Wastewater can also be considered as a source for valuable components. This way of thinking
reflects the growing attention for sustainable development. Wastewater contains substances
that can be used for power generation (organic matter), for fertilizer (phosphorus) and of
course for reuse of the effluent for industry, agriculture and even drinking water.
When wastewater is considered as waste, the objective of the processes on WWTP is to meet
the requirements for the discharge permit and other environmental licences. When
components of the wastewater are reused, the quality requirements for the products can be
higher and may cause higher costs. However, there may be advantages by selling the products
or just by being more sustainable.
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2

Introduction treatment techniques

On a municipal WWTP many processes are used to process the wastewater to effluent and
sludge. The table lists the most important processes on the wastewater treatment plant in the
world.
Processes on WWTP
type of
process
on WWTP

objective of process

process based on

screening
settlement
filtration
thickening
dewatering
dewatering
dewatering
disinfection
disinfection
neutralisation
precipitation
conditioning
aeration
activated sludge
digestion

separation of solids from liquids
separation of solids from liquids
separation of solids from liquids
separation of liquids from solids
separation of liquids from solids
separation of liquids from solids
separation of liquids from solids
killing pathogens
killing pathogens
pH adjustment
forming insoluble salts
improving dewaterability
dissolving oxygen
removal of pollutants (COD, N, P)
gas production, stabilisation

particle size
particle density
particle size
particle density
particle density
particle size
particle size
oxidation
radiation
adding acid/base
forming insoluble salts
adding chemicals
air/water interface
biological treatment
biological treatment

physical processed
chemical flow
biological
P
P
P
P
P
P
P
C
P
C
C
C,P
P
B
B

water
water
water
sludge
sludge
sludge
screenings
water
water
water
water
sludge
water
water
sludge

remarks

screens, sieves
settlement tanks, sand removal
sandfiltration, membranes
gravity thickeners, flotation
centrifuge, decanter
belt press, filter press
screenings press
chlorine disinfection
UV disinfection
acid, base
P removal
coagulation/flocculation
aerators
aeration tanks
digestion tanks

Half of the processes listed are separation processes. They can be distinguished in separation
of solids from liquids (most of the solids to be separated from water) and separation of liquids
from solids (most of the water to be separated from solids). These separation processes all are
physical processes based on particle size or particle density. Conditioning by adding chemicals
is necessary for enabling a number of separation processes, e.g. dewatering of sludge.
Dissolved components cannot be separated from the water unless they are converted to
particulate matter. The conversion of dissolved organic matter is accomplished by the aerobic
biological treatment process activated sludge; dissolved organic matter is partly oxidized to
CO2 and partly converted to biomass. CO2 is discharged to the atmosphere and the biomass is
separated from the treated wastewater and processed further as sludge. The dissolved
nitrogen compounds also are treated in the biological process and partly discharged to the
atmosphere and partly in the biomass formed. The dissolved phosphorus compounds can be
chemically precipitated or biologically incorporated in the activated sludge. In both methods
the phosphorus is separated from the treated wastewater and processed as sludge.
Phosphorus has no exit to the atmosphere.
Digestion is an anaerobic biological process used in sludge treatment. Organic matter is
converted to a mixture of CO2 and CH4 (methane).

8

Disinfection processes can be chemical by using the oxidizing power of chlorine compounds or
physical by UV radiation. Both methods kill bacteria.
Neutralisation is sometimes necessary when domestic wastewater contains large amounts of
industrial wastewater with high or low pH.
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Solids separation in water

Theory
The physical separation method is the separation of particles from the water based on:
 particle size
 density
The separation by particle size is a physical process based on the size of the particles to be
separated from water. Particles bigger than the opening in sieve, screen, membrane or filter
media are retained.

The separation by density is based on the settling or the floating of particles in water.
Sedimentation is the physical process where heavy particles (sand, sludge) can settle to the
bottom of a tank. The particles which are able for settling, differ greatly in size and shape,
which means that the settling speed varies widely. The flow velocity of the water has to be
close to zero for effective removal of particles. Flotation is the process where oil, grease and
lighter solids float to the surface. The floating materials are removed and the remaining liquid
may be discharged or subjected to further treatments
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3.1 Screening, sieves
Equipment
Screens and sieves are used for removing coarse material from the wastewater in order to
prevent clogging and mechanical damage downstream. Sieving is a physical process based on
the particle size. Particles bigger than the opening in sieve or screen are retained.
The openings of screens are rectangular, openings of sieves are close to round or square.
Form and dimensions of the opening determine the efficiency of the screen. Large openings
have a bad efficiency, much of the screenings present pass through the screen and causes
troubles downstream. Small openings are vulnerable to blockage of the equipment.

The amount of screening waste that is retained by a screen or a sieve depends on the nature
and the composition of the wastewater and may thus vary over a wide range. Wastewater
treatment plants connected to a combined sewer system may suffer from a big increase of
screenings after heavy rainfall. Eventually this can result in a blocked screen and bypassing
the screen at an inconvenient moment.
The retained sievings or screenings are transported from under the water level to storage
containers. Dewatering of the wet sievings or screenings may be present to reduce the
amount of water in the screenings. Lower costs as well as less odours may result from
dewatering of the screenings.
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In WWTP’s many types of screens and sieves can be found. The properties may be different
for a quite a number of aspects. The table gives some examples.

properties of screens and sieves
type of opening screens
type of opening sieves
size of openings
form of screen/sieve
cleaning type
mechanical cleaning
cleaning frequency
material

rectangular
round
small
flat
hand
rake
intermittant
(stainless) steel

square
large
drum
mechanical
screw
continuous
plastic
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In the picture the screening step can be seen. The rubbish and bigger particles are leaving
behind on the screen, while the water flows through the screen.
Operation & Maintenance and Trouble shooting
The efficiency of a screen (the percentage of screenings removed) is influenced by the
quantity of retained screenings on the screen; the retained screenings reduce the size
between the bars. So low cleaning frequencies improve the performance of the screen but on
the other hand the risk of blocking increases. Tuning a screen requires practical experience.
The same applies to sieves.

3.2 Sedimentation tanks
Primary sedimentation tanks are used for removing particulate matter from the wastewater.
The benefit of removing particles(primary sludge) from the wastewater upstream of the
biological treatment is a lower loading rate of the biological treatment and the possibility of
separate treatment of the primary sludge. Compared to waste activated sludge primary
sludge shows good thickening and dewatering characteristics and produces much more biogas
when digested. The principle of sedimentation is based on the difference of the density of the
particles to be separated and the density of water. Because the density difference of the
particles and the water is small, the sedimentation tanks have long detention times and low
flow velocities and are consequently big. Typical sizes vary from 10 – 50 m diameter for round
sedimentation tanks.
Round sedimentation tanks are common, but may be rectangular as well. The scrapers of
round tanks are fitted to travelling bridges, the scrapers of rectangular tanks are bars driven
by a chain.
13

Round sedimentation tank

Rectangular sedimentation tank
The wastewater in a circular sedimentation tank flows through a hollow central column or
pipe. The hollow pipe is equipped with a number of outflow openings.
The water in the inflow pipeline has a high velocity (0.5 - 1.5 m/s) relative to the velocity in
the basin (0.01 m/s). This velocity difference has to be reduced over a distance as short as
possible in order to prevent turbulence in the basin. The water flows through the outflow
openings into an inlet located in the centre of the tank where the flow velocity is reduced. The
water then flows radial towards the perimeter of the tank, where it is discharged via an
14

overflow weir into the outflow gutter. In round tanks the overflow weir is usually provided
with a large number of V-shaped weir notches. Such a V-shape increases the depth of the
overflow water, which gives a better distribution of the water over the entire weir. The inflow
and outflow components must be constructed so that there can be no short-circuit flow.
The sludge scraper, which moves over the bottom of the basin is fitted with a number of
overlapping blades or is constructed as a single-bladed, spiral bottom shield. The spiral
scraper is used when it is important that the sedimented sludge will be removed from the
basin as quickly as possible. The bottom scrapers are suspended from the bridge and are
sometimes equipped with an installation that allows them to be inspected above the water
level. The sludge contains a large amount of water. In order to reduce the amount of sludge,
part of the water can be removed by thickening. This can be done in a separate thickener or in
an enlarged sludge pumping well in the sedimentation tank itself .
The floating materials are retained by a submersed baffle and are pushed into the outlet well
by a scraper. The rake mechanism in the basin has a peripheral drive and consists of a bridge
supported on one end on a central pivot. It is mounted on the column located in the centre of
the basin. The other end of the bridge rests on a trolley equipped with a set of runner wheels
that roll on the perimeter of the tank. The rake is powered by an electric motor on the trolley
that drives the runner wheels through a reduction gearbox.
Operation & Maintenance and Trouble shooting
The residence time of sludge in the primary sedimentation tank should be short to prevent
anaerobic digestion in the tank to occur, and consequently the presence of gas bubbles in the
sludge particles which will cause bad sedimentation.

3.3 Sand removal
The principle of sand and grit removal is based on the difference of the density of the
particles to be separated and the density of water. Sand and grit are much more dense than
the water and consequently the particles sink quick in the water. Compared to sedimentation
tanks degritters are much smaller. Sand and grit are removed from the wastewater in order
to prevent wear and tear of mechanical equipment and deposits in pipes and tanks of the
WWTP.
Many systems exist for the removal of grit. They include round and rectangular devices who
have in common that the flow velocity is low enough for removal of grit, but high enough to
prevent most of the sludge from settling.
In many cases degritters are combined with washers. The washer removes the sludge particles
from the grit. These particles, together with the wash water, are reintroduced into the grit
chamber e.g. via a small Archimedean screw. The washed grit is deposited in a container.
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Many types of degritters are available, e.g. grit chambers and circular degritters. The table
gives some examples.

properties of degritters
type of flow
longitudinal: aeration
circular: rotation supported
grit removal
grit washer built in
material

longitudinal
yes
yes
airlift
yes
(stainless) steel

circular
no
no
screw
no
concrete

Circular degritter

Longitudinal grit chamber
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Aerated grit chamber
Operation & Maintenance and Trouble shooting
Sudden increase or decrease of the grit production ask for attention because this has normally
a reason, e.g. sand entering the sewers via a hole in the sewer or malfunctioning of the
degritter.

3.4 Sand filtration, membranes
The principle of sand filtration is that water with particles flows through a bed of sand.
Particles are retained in the sand when the particles are big compared to the pores between
the sand grains. Sand filtration is used for treating large flows with low solids content, e.g. for
effluent polishing. Sand filters may be the continuous flow type or the batch type; the latter
has to be backwashed at regular time intervals.

Dynasand continuous sand filter
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Membranes separate very small particles from water based on particle size. In WWTP’s
microfiltration and ultrafiltration are used. Membranes retain very small solid particles and
can be used to produce very high quality effluent.

MBR’s are MembraneBioReactors where the activated sludge process is combined with
membranes that function as secondary settlement tanks, but with solids free effluent as a
result. The much more expensive and energy consuming MBR may be considered for recycling
effluent for high quality reuse such as drinking water supply or industrial applications.

Membranes for wastewater applications exist in 3 different types: tubular and capillary
membranes and flat sheets in plate and frame modules.
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Capillary type of MBR

Cross sectional view of capillary type of MBR
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Flat sheet plate and frame module
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4

Thickening and dewatering

Thickening and dewatering are physical processes used for removing water from sludge with a
higher solids content of the sludge as an objective. The benefit of removing water from the
sludge is to reduce the amount of sludge to be treated in downstream processes or disposal.

4.1 gravity thickening / flotation
Gravity and flotation thickening both are thickening processes based on a difference in density
of the particles and the water. Gravity thickening is used for thickening of primary as well as
waste activated sludge and flotation for waste activated sludge only.
Gravity thickeners have much in common with sedimentation tanks, but the size is smaller
and the detention time of the sludge is longer in order to increase the solids content of the
sludge. The vertical bars attached to the travelling bridge enable the water that is separated in
the layer of thickening sludge to flow to the surface.

Gravity thickener
Flotation thickeners use flotation as the principle of separation of waste activated sludge. In a
DAF unit (Dissolved Air Flotation), a flow of water which is supersaturated with air at higher
pressure is mixed with the flow of WAS (Waste Activated Sludge). After mixing, part of the air
will be released as very fine bubbles that will attach to the activated sludge flocs. The density
of the total of sludge floc and attached air is much lower than the density of water. The flocs
will then float to the surface, thicken and can be removed by a skimmer.
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DAF unit

4.2 Thickening belts
Thickening belts are used for thickening of activated sludge. The principle is that water soaks
through the pores of the belt and that the larger sludge flocs are retained on the surface of
the belt. To enable this process the sludge is conditioned with polymers.

Thickening belt

4.3 Centrifuges / Decanters
There are many types of centrifuges available in wastewater treatment. The decanter is the
common type to be used for thickening of activated sludge (without polymers) or dewatering
of all types of sludge (with polymers for conditioning). The principle is separation by density as
a result of the artificial high gravity that is obtained by the fast rotation of the bowl of the
centrifuge. The sludge is fed in the centre of the bowl and will be spread to the wall of the
22

bowl. The separation by gravity will result in a layer of thickened sludge close to the wall and a
layer of separated water on top. The water is discharged from the centrifuge by openings in
the rear end of the bowl. The sludge is removed from the centrifuge on the front end by a
slowly rotating screw (rotating with a few rpm’s difference compared to the bowl).

Decanter

4.4 Belt press, filter press
Belt presses are continuous presses used for dewatering of sludge. The principle is that water
soaks through the pores of the belt and that the larger sludge flocs are retained on the surface
of the belt. To enable this process the sludge is conditioned with polymers. Belt presses have
a number of stages. The first stage is comparable to the thickening belt. The water that can be
easily separated is separated here. In the next stages the sludge is contained within two
parallel belts and subjected to increasing pressing forces, finally by moving over rolls with
decreasing diameters. The water is pressed through the belts and the dewatered sludge is
released.

Belt press
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Filter presses operate discontinuously. The principle of separation is the size of the sludge
flocs and the used filter cloths.
A filter press contains a number of plates with filter cloths forming chambers when closed in a
frame. The conditioned sludge is fed through the inlet openings of the plates. The water will
flow through the filter cloths and finally through the outlet openings of the plates. The
pressure is increased by the high pressure feed pump. At the end of the filtration cycle
practically no sludge can be pumped in the filter press and the filtration is terminated. The
plates are separated and the filter cake will drop from the press.

Filter plates cross section

Filter plates
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Typical filter press

4.5 screenings press
Screening presses reduce the water content of screenings by applying pressure to the
screenings. A common type is a screw that presses the screening through a bend discharge
pipe resulting in pressure on the screenings and transport of the dewatered screenings to the
discharge opening.

Screenings press
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5

Disinfection and chemical processes

Disinfection is a chemical or physical process to kill the pathogens that are present in the
effluent of a WWTP.

5.1 Disinfection (oxidation)
Bacteria are killed by strong oxidizing agents such as ozone hydrogen peroxide and chlorine.
From an economic point of view chlorine, sodium hypochlorite (liquid bleach) or calcium
hypochlorite (bleaching powder) are often used, despite of the forming of toxic by-products
such as trihalomethanes. For an effective disinfection a long and good contact of the bacteria
and the disinfectant is important. The mixing of the disinfectant and effluent before feeding to
the contact tank is important. The presence of particles in the effluent reduces the effect of
disinfection strongly because the pathogens inside the particle are protected from the
disinfectant.

Chlorine contact tanks

5.2 disinfection (UV)
Ultraviolet (UV) radiation causes damage to the genetic structure of bacteria, viruses, and
other pathogens, making them incapable of reproduction. Because no chemicals are used, the
treated water has no adverse effect on organisms that later consume it. The key
disadvantages of UV disinfection are the need for frequent lamp maintenance and
replacement and the need for a highly treated effluent to ensure that the target
microorganisms are not shielded from the UV radiation (i.e., any solids present in the treated
effluent may protect microorganisms from the UV light).
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UV disinfection

5.3 neutralisation
Neutralisation is a chemical process to adjust the pH to the appropriate value. In wastewater
treatment, especially in industry, chemical neutralization methods are often applied to reduce
the damage to processes and/or equipment. For pH control, popular chemicals include
hydrochloric acid, calcium carbonate, calcium oxide, magnesium hydroxide and sodium
bicarbonate. The selection of an appropriate neutralization chemical depends on the
particular application. The process is controlled by dosing the chemical and mixing with the
water. The dosing may be controlled by a pH meter.

Definition of precipitation

5.4 Precipitation
Precipitation is a chemical process. A solid compound is formed in a solution as a result of the
mixing of 2 compounds that can form together a new compound that is not soluble. The solid
compound can later be removed from the solution by separation. Chemical phosphorus
removal is an example of precipitation of phosphorus by adding e.g. iron or alum.
27

Precipitation

5.5 Conditioning
Conditioning of sludge is a process whereby sludge solids are treated with chemicals or
various other means to prepare the sludge for dewatering processes. Conditioning with
polyelectrolytes (PE) is based on a chemical reaction of the negative charged surface of sludge
with the positive charged long chain PE. This results in release of water from the sludge
surface and a compact floc showing good filtration properties.

Conditioning of sludge
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6

Biological Treatment Techniques

Biological processes on a WWTP are capable of removing most of the organic matter and the
nutrients from the wastewater, especially when designed for BNR (Biological Nutrient
Removal). In some cases phosphorus is removed with chemicals.
The type of biological treatment depends on many factors. The table shows a number of these
types. For BNR the SBR and activated sludge are both applicable. In the SBR the biomass is in
the form of flocs or granular (Nereda).

types of biological treatment
anaerobic
aerobic
attached growth (trickling filters)
suspended growth
batch processes (SBR)
continuous processes (activated sludge)
complete mixed reactors
plug flow reactors
circular flow reactors

Metabolic Functions
Aerobic
Anoxic

Anaerobic

Biological treatment process that occurs in the presence of O2
•

Biological treatment process that occurs in the absence of
O2
• O2 present in nitrates
Biological treatment process that occurs in the absence of O2, no
nitrates

Attached growth process
Process in which the microorganisms responsible for the conversion of organic matter are
attached to some inert medium such as rocks, ceramics, plastics. The most common attachedgrowth process is the trickling filter.
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Suspended growth Process
Process in which the microorganisms responsible for the conversion of organic matter are
maintained in suspension in the liquid. The most common suspended growth process is the
activated sludge process.

6.1 Activated sludge
For the activated sludge process oxygen is required. When wastewater is aerated for a
sufficiently long time, bacterial flocs are formed. These flocs are called activated sludge, and
they can be removed from the liquid by settlement.
Wastewater is discharged into an activated sludge basin, where it is mixed with activated
sludge (bacteria) and oxygen. The basin is fitted with aeration equipment for the transfer of
oxygen from the air to the activated sludge liquor. Artificial aeration is necessary since the
biological process demands large quantities of oxygen. The aeration equipment supplies
oxygen, but some types also provide sufficient mixing of the wastewater with the activated
sludge and oxygen. There must be an intense contact between the activated sludge, oxygen
and food supply, so that 'each' bacterium is provided with sufficient nutrients and oxygen.
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After sufficient aeration, the mixed liquor, containing the treated wastewater and activated
sludge, is separated from the liquid by gravity. The sludge settles and is collected at the
bottom of the tank. It then leaves the tank with the underflow and is returned to the aeration
tank. The return sludge, which is thoroughly mixed with the contents of the aeration basin, is
needed to maintain the biological processes. The effluent (treated wastewater), leaves the
sedimentation tank at the top of the tank as overflow.
The activated sludge process requires large amounts of oxygen. One of the key control
parameters for the activated sludge process is the supply of oxygen. The oxygen supply is
monitored by measuring the dissolved oxygen (DO) in the aeration tank. DO must be
measured continuously. The operation of aeration equipment can be automatically controlled
by the measured DO in order to maintain a set point value as required by the process.
The aeration transfers the oxygen from the air to the mixed liquor. For the aeration bubble
aeration and surface aeration are available. Surface aerators is relatively simple equipment,
bubble aeration is the most energy efficient. In bubble aeration the air is diffused by domes,
tubes or plates.
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Surface aeration

Bubble aeration
The main characteristics of the activated sludge process are:


load



efficiency



F/M ratio



sludge age



sludge volume index SVI

The total amount of sludge in the aeration basin is: volume x MLSS concentration (in kg MLSS).
The daily production of excess sludge is expressed in kg MLSS per day.
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The load is the supply of organic pollution, expressed in kg BOD per day. Bacteria can process
only a limited amount of food in a given amount of time. The same holds true for activated
sludge of course.
In order to express the relationship between the amount of food in relation to the quantity of
activated sludge, the concept of F/M ratio (=sludge loading rate) has been introduced. The
F/M ratio is the pollution load (kg BOD/d) divided by the quantity of sludge present (kg MLSS).
The F/M ratio is expressed in kg BOD/(MLSS/d).
For most activated sludge systems the F/M ratio is between 0.05 and 0.5 kg BOD/(MLSS/d).
Highly loaded and overloaded systems will have a F/M ratio greater than 1.0. The F/M ratio
determines the treatment efficiency.
Treatment efficiency is an indication of the amount of food removed and is related to the
amount of food supplied to the system. It is calculated as a percentage and can be determined
for either BOD or COD, as well as for any other nutrient, such as phosphorus or nitrogen.
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Efficiency = [ influent load - effluent load ] / influent load x 100%
A low F/M ratio gives a high treatment efficiency and a high F/M ratio gives a lower treatment
efficiency .
efficiency
BOD-removal
%

100
90
80
70

0

0,2

0,4

0,6

0,8

F/M ratio
(kg BOD / kg MLSS . d)

Wastewater is retained in the aeration for only a few hours (4-30 h), but bacteria need many
days to complete their biological processes. In the treatment of wastewater, new sludge is
produced every day. The sludge age in activated sludge systems is the length of time the
biomass remains in the reactor. If the plant is operating under stable conditions, this excess or
waste sludge, as it is called, has to be released from the system.
Sludge age = sludge in aeration basin (kg MLSS) /excess sludge production (kg MLSS/day)
The sludge age is between one day and several weeks. In highly loaded systems the sludge age
is short: several hours to one or two days. Low loaded systems have long sludge retention
times (up to 30 days, say). Long sludge ages lead to aerobic stabilization of the sludge.
Note that F/M ratio and sludge age are closely related; for a high treatment efficiency a long
sludge age is required.
In the final sedimentation tank the activated sludge is
separated from the treated wastewater. In order to
obtain a satisfactory separation it is necessary that the
sludge has good settling properties. In practice it has
been learned that there are great differences in the
settling properties of activated sludge on different
treatment plants. For that reason the concept of
sludge volume index (SVI) has been introduced.
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The SVI is a measurement of the settling and thickening properties of a sludge. A one litre sample
of activated sludge (mixed liquor) is taken from the aeration basin and is allowed to settle in a 1 l
measuring cylinder. The SVI is the volume (ml) taken up by 1 g of activated sludge (MLSS) after 30 min

SVI 

Volume sludge settles to (ml / l )
Sludge concentrat ion ( g / l )

Settling time
The settling properties of the sludge are good if the SVI is lower than 100 ml/g.
If the SVI is greater than 250 ml/g, the sludge will not settle well in the final settlement tank,
so that the sludge particles cannot be satisfactorily separated from the water. Part of the
activated sludge will then end up in the effluent. Sludge is returned from the sedimentation
tank to the activated sludge basin in order to maintain the bacterial population in the aeration
tank. The sludge is recirculated permanently.

6.2 Nitrogen removal
It is important to remove nitrogen from wastewater. If the discharged effluent contains
ammonia nitrogen, it can lead to oxygen deficiencies in the surface water, just like organic
matter. The bacteria in the surface water oxidize the ammonia into nitrogen, consuming
oxygen in the process. Furthermore nitrogen and phosphorus compounds are fertilizers and
can lead to an explosive growth of algae, called eutrophication.
After biological degradation of organic matter the nitrogen in proteins is converted to the
inorganic ammonia (NH4). The ammonia can be oxidized to nitrite (NO2) and further to nitrate
(NO3). Nitrate can be converted to molecular nitrogen (N2). A recently discovered pathway is
Anammox where NH4 reacts directly with NO2 to form N2.
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Nitrification is a biological process. NH4 can be transformed into NO3 by nitrifying bacteria
under aerobic conditions.
Ammonia is readily available in the wastewater and is oxidised as follows:
1. NH4 + O2 + Nitrosomonas -->
2. NO2 + O2 + Nitrobacter

NO2 (nitrites)

--> NO3 (nitrates)

Whether or not this process of nitrification occurs in the aeration tank depends on the
temperature and the sludge age. At lower temperatures the nitrifying bacteria grow only
slowly and nitrification then depends on the sludge age. Long sludge ages are required for
nitrification (5-30 days).
If nitrates are exposed to an anoxic or anaerobic environment microorganisms called
denitrifiers will transform the nitrate into nitrogen gas. They use the oxygen from nitrate
instead of the dissolved oxygen. This process is called denitrification.
The NO3 (nitrate) is converted to N2 gas that escapes as bubbles:
NO3-

-->

N2

The oxygen from the nitrates is used for the degradation of organic matter. Denitrification can
occur in the activated sludge system if sufficiently anoxic zones are available. Turning off the
aeration at certain places in the activated sludge tank will allow denitrification to proceed,
provided enough organic matter is present to be oxidized. A two stage process of nitrification
and denitrification can be used to remove nitrogen completely from the wastewater.
A typical process flow diagram for nitrogen removal is characterized by a recycle flow through
anoxic and aerobic zones.
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6.3 Biological phospate removal
Under normal conditions, about 40% of the phosphorus present is removed since the
phosphorus in the wastewater is incorporated in the newly formed bacterial cells (excess
sludge or WAS). Under certain conditions up to about 90% of the phosphorus present can be
removed with the aid of PAO’s (Phosphate Accumulating Organisms). Among the
preconditions for the occurrence of a relatively large quantity of these bacteria is an
anaerobic tank just after the inlet works and:


High local sludge F/M ratio in the anaerobic tank;



Low nitrate concentrations in the anaerobic tank;



Availability acetate (the only carbon source for PAO’s);



Low to moderate temperatures.

The principle of biological phosphorus removal is an anaerobic tank just after the inlet works.
In the anaerobic tank the PAO’s are able to use the acetate formed in the sewer and the
anaerobic tank; the stored phosphate in the PAO’s is released. In the aerobic tank phosphate
is stored again in the PAO’s with the energy available from the oxidation of acetate.
The phosphorus is removed from the process as 'phosphate granules' in bacterial cells in WAS.
The WAS must be processed without delay, because under anaerobic conditions the
phosphate is released by the bacteria.
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Biological mechanism

6.4 Chemical phospate removal
The phosphorus is removed by precipitating the soluble phosphorus with coagulants.
Common coagulants are Fe3+ and Al3+. The insoluble FePO4 or AlPO4 are formed respectively.
The phosphorus is removed from the process with the WAS.
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7

Effluent polishing

Although effluents for aerobic treatment processes may be well oxidised or purified as far as
the particular process is capable, and may be good enough for agricultural use, or for
discharge to a river, or even for some industrial uses, they are not pure enough for
unrestricted use. In countries of limited water supply the re-use of effluents is a necessity and
further purification may be required.
Even the best effluents from one of the secondary treatment systems will still contain
impurities such as finely suspended matter in the form of humus or activated sludge,
dissolved chemicals such as chlorides, nitrates, sulphates, phosphates, sodium, etc. and
bacteria, including pathogens. Depending upon the purpose for which the effluent is to be reused, it may be necessary to remove most or at least some of these by employing effluent
polishing techniques to be discussed below.

7.1 Sand filtration,
Sand filtration in various forms is effective in removing most of the suspended solids from a
secondary effluent. Four methods of filtration are common, using: slow sand filter, hamlin
sand filters, rapid gravity sand filters and pressure sand filters
Slow sand filters are large underdrained beds built with sloping earth-bank sides and
containing about 450 mm of clean river sand. The sand should be screened to remove coarse
particles. A good grading is run onto the bed until the whole surface is well covered, and the
outlet control is opened until the clear water which has filtered through the sand flows away
at the same rate as the effluent feed.
After being in operation for several days, the surface of the sand filter tends to become
choked with colloidal matter. The flow onto the filter is then stopped and the bed is allowed
to drain. The accumulated mat is dried out in the sun, after which it cracks and lifts and can be
removed by hand. Some sand adheres to the humus and is taken away with it. The cleaned
bed is raked level, topped up with sand if necessary, and put back into use.
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Gravity sand filter
Hamlin sand filters are much the same as slow sand filters, but are modified with provision for
back-washing the sand bed. Pressure sand filtration is similar to rapid gravity filtration with
the exception that the filter is completely enclosed and the humus tank effluent is forced
through the sand by pumping.

Dynasand (pressure) continuous sand filter
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7.2 Disinfection
The goal of water disinfection is to remove or inactivate pathogenic micro-organisms.
Disinfection is not synonymous with the sterilization of water, in which all organisms are
killed. The primary pathogenic micro-organisms targeted for inactivation include bacteria,
viruses and protozoan cysts.
The possible methods of wastewater effluent disinfection are many and include natural
processes (predation and normal death), environmental factors (salinity and solar radiation)
and methods having certain industrial applications (ultrasonics and heat). Only those
methods, which have possible general applications for wastewater and water re-use, will be
explored.
Chlorine
Chlorine has been the dominant disinfectant of wastewater. It is available in different forms,
i.e. gas and liquid.
Ultraviolet Radiation
Special lamps (mercury vapour) produce ultraviolet radiation. The disinfection reaction
occurs on the thin film surfaces of water where micro-organisms can be exposed to the
radiation reaction. Radiation penetrates through an organism,disrupts the organism’s genetic
material and makes reproduction impossible.
With wastewater, lethal action cannot be exerted through more than a few centimetres,
which limits its application to wastewater of high quality and with low turbidity.

UV disinfection
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Ozon
Ozone is an unstable gas that must be produced at the point of use. It is produced by the
reaction of oxygen-containing gas (air or pure oxygen) in an electric discharge. It is a very
powerful oxidant. From recent investigations, it appears that ozone, in combination with
either chlorine or chlorine dioxide, could solve the disinfection problem of both bacterial and
viral contamination in wastewater effluents.

7.3 Maturation ponds
Maturation ponds are generally used in collaboration with aerobic and anaerobic ponds.They
are primarily designed for tertiary treatment. As they are the last step in the process they are
also known as polishing ponds. Their major function is to ensure the removal of pathogens,
excess nutrients and algae. Maturation ponds are generally shallower than the other types of
ponds. They range in depths from 0.9-1 m. This is to allow light penetration to the bottom and
aerobic conditions throughout the whole depth and ensure that there are substantial
amounts of treatment of the wastewater.
The size and number of maturation ponds needed in a system is normally determined by the
required retention time to achieve a specified effluent pathogen concentration. Maturation
ponds also act as a buffer for facultative ponds in the case of failure.

Typical example of maturation ponds take at Hammarsdale WWTW.
Advantages of maturation ponds include:


Removal of excess nutrients



Removal of pathogenic organisms



Safety pond in case of primary or secondary treatment pond failure

Disadvantages of maturation ponds include:
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Small removal of BOD



Additional costs



Additional land requirements

7.4 Membranes
Membranes provide physical barriers that permit the passage of materials only up to a certain
size, shape or character. There are four crossflow, pressure-driven membrane separation
processes currently employed for liquid/liquid and liquid/solid separation: ultrafiltration (UF),
reverse osmosis (RO), nanofiltration (NF), and microfiltration (MF). Membranes are
manufactured in a variety of configurations including hollow fiber, spiral, and tubular shapes.
Each configuration offers varying degrees of separation
In WWTP’s microfiltration and ultrafiltration are commonly used.

Different forms of membrane filtration
MBR’s are membrane bioreactors where activated sludge process is combined with
membranes that function as secondary settlement tanks, but with solids free effluent as a
result. The much more expensive and energy consuming MBR may be considered for recycling
effluent for high quality reuse such as drinking water supply or industrial applications.
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Diagram showing the quality of water from MBR
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8

Layouts WWT Plants

Wastewater Treatment Plants is the green box in the figure below. Based on various treatment
techniques, used in a specific order, the wastewater is treated to water which can be released into the
natural surroundings. This green box is the system of various techniques.
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In this chapter, four different layouts of Wastewater treatment plants are shown. Every system has
been designed for a purpose. The first lay-out is the conventional activated sludge process. This is
designed for organic (COD) removal.

Layout 1: The conventional activated sludge process

4 Stage Badern-Pho Process designed for phosphate & Nitrogen removal
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5 Stage Pherodox Process/ Modified Barden-Pho Process
- designed for phosphate & Nitrogen removal

The UCT Process designed for Phosphate & Nitrogen removal
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