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“Aquaculture “

{ The farming of freshwater and #
= marine plants and animals.
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Aquaculture is the farming and husbandry of aquatic
organisms under controlled or semi-controlled
conditions.

These organisms may be plants, fish or shellfish —
oysters, mussels, clams, shrimp, crabs, crawfish.

Aquaculture is employed for a variety of ends: fish
may be raised to stock public waters for sportfishing
and for commercial fishing; it may be to save an
endangered species; or it may be to harvest a
commercially viable crop in ponds or coastal waters.




In simple terms, aquaculture is agriculture: the farmer
farms the water instead of the land; depending on the
species, the water may be fresh or brackish or salty.

Although aquaculture is a generic term, it generally
refers to the culture of plants and animals in
freshwater, while culture in saltwater is commonly
known as mariculture.




The world’s oceans and rivers are fast approaching the
limits of fish and shellfish production that can be
harvested on a continual basis.

Farming the water is the possible solution to meet the
increasing consumer demand.

In addition to the demand for seafood, there is a
growing interest in sportfishing. Many public fisheries
for recreational angling have had to reduce creel limits
(number of fish legally allowed to be caught per day)
or have imposed seasons for catching specific species

of fish.




Aquaculture efforts can also be used to save or restore
an endangered or threatened species.

These are special situations where, for various reasons,
fish cannot reproduce in sufficient numbers, or the
progeny do not survive well enough to maintain

themselves as a population.




The objective in fertilizing an aquaculture pond with excreta,
nightsoil or wastewater is to produce natural food for fish.

Since several species of fish feed directly on faecal solids, use of
raw sewage or fresh nightsoil as influent to fish ponds should
be prohibited for health reasons.

Complex food chains in an excreta-fed fish pond as shown in
Figure, involving ultimate decomposers or bacteria,
phytoplankton, zooplankton and invertebrate detritivores.
Inorganic nutrients released in the bacterial degredation of
organic solids in sewage, nightsoil or excreta are taken up by
phytoplankton.
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Zooplankton graze phytoplankton and small detritus
particles coated with bacteria, the latter also serving as
food for benthic invertebrate detritivores. Plankton,
particularly phytoplankaton, are the major sources of

natural food in a fish pond but benthic invertebrates,
mainly chironomids, also serve as fish food, although they
are quantitatively less important.




A wide range of fish species has been cultivated in aquaculture
ponds receiving human waste, including

Common carp (Cyprinus carpio),

Indian major carps (Catla catlax, Cirrhina mrigala and
Labeo rohita),

Chinese silver carp (Hypophthalmichthys molitrix),

Bighead carp (Aristichthys nobilis),

Grass carp (Ctenopharyngodon idella),
Crucian carp (Carassius auratus),

Nile carp (Osteochilus hasseltii),
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A wide range of fish species has been cultivated in aquaculture
ponds receiving human waste, including

Tilapia (Oreochromis spp.),

Milkfish (Chanos chanos),

Catfish (Pangasius spp.),

Kissing gouramy (Helostoma temmincki),

Giant gourami (Osphronemus goramy),

Silver barb (Puntius gonionotus) and

Freshwater prawn (Macrobrachium lanchesterii).
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The selection reflects local culture rather than fish optimally-
suited to such environments. For example, Chinese carps and
Indian major carps are the major species in excreta-fed systems
in China and India, respectively.

In some countries, a polyculture of several fish species is used.

Tilapia are generally cultured to a lesser extent than carps in
excreta-fed systems although, technically, they are more
suitable for this environment because they are better able to
tolerate adverse environmental conditions than carp species.

Milkfish have been found to have poorer growth and survival
statistics compared with Indian major carps and Chinese carps
in ponds fed with stabilization pond effluent in India.
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Aquatic macrophytes grow readily in ponds fed with human
waste. Some creeping aquatic macrophytes are cultivated as
vegetables for human consumption in aquaculture ponds and
duckweeds are also cultivated, mainly for fish feed. Among the
aquatic plants grown for use as vegetables are

» Water spinach (Ipomoea aquatica),
<» Water mimosa (Neptunia oleracea),
<» Water cress (Rorippa nasturtium-aquaticum) and

<+ Chinese water chestnut (Eleocharis dulcis).

The duckweeds Lemna, Spirodela and Wolffia are cultivated in
some parts of Asia in shallow ponds fertilized with excreta,
mainly as feed for Chinese carps but also for chickens, ducks
and edible snails
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Technic

Environmental factors

In a successful aquaculture system there must be both an
organismic balance, to produce an optimal supply of natural
food at all levels, and a chemical balance, to ensure sufficient
oxygen supply for the growth of fish and their natural food
organisms and to minimize the build-up of toxic metabolic
products (Colman and Edwards, 1987).

Chemical balance is usually achieved through organismic
balance in waste-fed ponds because the most important
chemical transformations are biologically mediated.

It is now recognized that depletion of dissolved oxygen in
fertilized fish ponds is due primarily to the high rates of
respiration at night of dense concentrations of phytoplankton.
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Romaire et al. (1978) introduced equation to cover the factors
influencing waste-fed fish pond dissolved oxygen (DO) at
dawn:

where:
DOy, = DO concentration at dawn
DOy, = DO concentration at dusk

DOy = DO gain or loss due to diffusion
DO_, = DO consumed by mud
DO, = DO consumed by fish

DO, = DO consumed by plankton
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Bacterial respiration is not specifically mentioned in
this equation but is included in the mud
consumption of DO and in the planktonic DO
consumption.

In a well-managed waste-fed fish pond the DO in the
morning should be only a few mg/l whereas in late
afternoon the pond should be supersaturated with

DO.

Mud respiration probably lowers DO by less than 1
mg/l overnight and a fish population weighing 3000
kg/ha would also lower DO by only about 1 mg/l
overnight.
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Phytoplankton photosynthesis is the major source of
oxygen during daylight hours and, during the night,
the major cause of oxygen depletion is respiration.

[t has been estimated that respiration of plankton
(bacterioplankton, phytoplankton and zooplankton)
can lower pond DO by 8-10 mg/] overnight.

By far the greatest proportion of the DO depletion
overnight is caused by the respiration of the
phytoplankton that develop as a result of the nutrients
contained in the waste.
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Phytoplankton provide feed for the largest percentage
of fish farmed in Asia (Edwards 1990).

They also exhibit a positive net primary productivity
on a 24-hour basis and are net oxygen contributors to
a tish pond.

The objective in a waste-fed fish pond should be to
maintain an algal standing crop at an optimum level
for net primary productivity by balancing the
production of phytoplankton biomass, in response to
waste fertilization, with the grazing of phytoplankton
biomass by filter-feeding fish.




Technical aspects of fish.culture

Fish mortality in a waste-fed pond can result from at least
three possible causes.

\/
0‘0

First, the depletion of oxygen due to bacterial oxygen
demand caused by an increase in organic load.

Second, the depletion of oxygen overnight due to the
respiratory demand of too large a concentration of
phytoplankton, having grown in response to an
increase in inorganic nutrients, caused by an
organismic imbalance.

The third possible cause is high ammonia
concentration in the waste feed.

All three causes of fish mortality have been reported in
respect of sewage-fertilized fish ponds.
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Technical aspects of fish.culture

The sensitivity of fish to low levels of DO varies with species,
life stage (eggs, larvae, adults) and life process (feeding,
growth, reproduction).

A minimum constant DO concentration of 5 mg/I is considered
satisfactory, although an absolute minimum consistent with the
presence of fish is probably less than 1 mg/l (Alabaster and
Lloyd, 1980).

Fish cultured in waste-fed ponds appear to be able to tolerate
very low DO concentrations, for at least short periods of time,
with air-breathing fish (such as walking catfish (Clarias
batrachus) being the most tolerant, followed in decreasing
order of tolerance by tilapia, carps, channel catfish and trout.
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A wastewater fertilized aquaculture system might
occasionally require a stand-by mechanical oxygenation

system for use during periods when DO would otherwise
be very low.

However, if the system is well managed to avoid

overloading, this expense can be avoided.
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Unionized ammonia (NH,) is toxic to fish in the

concentration range o.2 - 2.0 mg/l (Alabaster and Lloyd,
1980).

However, the tolerance of different species of fish varies,
with tilapa species being least affected by high ammonia
levels.

Bartone et al. (1985) found that satisfactory growth and
survival of tilapia was possible in fish ponds fed with tertiary
effluent when the average total ammonia concentration is
less than 2 mg N/l and the average unionized ammonia
concentration was less than o.5 mg N/I, with the latter only
exceeding 2 mg N/I for short periods.
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In ponds receiving large quantities of organic matter,
sediments tend to accumulate and release anaerobic
breakdown products, such as methane and sulphides,
which can inhibit fish growth.

Bottom feeding fish, such as the common carp (Cyprinus

carpio), are most affected by such conditions, especially if
the macrozoobenthos disappear.
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A wide range of yields has been reported from waste-fed
aquaculture systems, for example: 2-6 tons/ha-yr in
Indonesia, 2.7 - 9.3 tons/ha-yr in China and 3.5 - 7.8
tons/ha-yr in Taiwan.

Although the majority of waste-fed fish ponds stocks
carps, research in Peru and Thailand has demonstrated
the potential of tilapia for such systems.

Management of fish ponds can have a significant effect on
fish yields but the maximum attainable yield in practice is
of the order of 10 - 12 tons/ha-yr (Edwards, 1990).
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Increase in weight of small fingerlings stocked in a pond
follows a sigmoidal curve. The first phase of growth
(Shown in Figure) is slow, so a high stocking density can
be adopted to better utilize the spatial and nutritional
resources of the pond.

Alternatively, this can be achieved by stocking with larger
fish having a higher initial weight, following growth in
nursery ponds.

Fish yield is positively correlated with the size of the
stocked fish at a given stocking density. In South China,
tilapia are stocked once a year at rates of either 30 g fish
and o.15/m? or 1.3 g fish at 2.3 - 3.0/m? stocking density.




Technical aspects of fish.culture
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Technic

An increase in weight of fish in a pond leads initially to an
increase in yield or production but there is subsequently a
reduction in the growth rate of individual fish because of the
limitation of natural food production in the system.

The third phase of slow growth in Figure is because the total
weight of fish in the pond is approaching the carrying capacity.

Intermediate harvesting when the rapid growth ceases, at the
end of phase 2, should lead to significant increases in total
yield.

The high yields of tilapia reported in South China sewage-fed
ponds are due to high stocking density and frequent harvesting,.
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Clearly, the key to achieving high yields in a waste-fed pond is
to determine the carrying capacity of the pond, the maximum
standing stock of fish.

This can be assessed by varying the waste load and determining
the maximum production of natural food consistent with
satisfactory water quality, sustainable through a fish culture
cycle (Edwards, 1990).

Fish stocking density is related to carrying capacity according
to the desired weight of individual fish at harvest.




Although it is good practice to limit the discharge of toxic
materials to sewerage systems, inevitably some of these
materials gain access and heavy metals and pesticides are
frequently present in municipal sewage. This gives rise to

concern about bioaccumulation when sewage effluent is used
in aquaculture.

Algae are known to accumulate various heavy metals but, with
the possible exception of mercury, fish raised in sewage-fed
ponds have not been observed to accumulate high
concentrations of these toxic substances.
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It would appear that the concentrations of heavy metals in the
pond water may be accumulated at slower rates than new
tissues develop in rapidly growing fish, such as tilapia.

In the case of mercury, the position of fish in the food chain
seems to be important in determining their mercury uptake,
with carnivorous fish accumulating more than herbivores.
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Fish, apparently, have the ability to regulate the heavy metal
content of their tissues, except for mercury, and tend to
accumulate metals in parts other than muscle tissue. There is
little information on the uptake of toxics other than heavy
metals but a high phenol content in the sewage fed to fish
ponds in Wuhon, China caused the fish flesh to become
unpalatable due to the odour of phenol. Weis et al. (1989) have
reported on the effects of treated municipal wastewater on the
early life stages of three species of fish and indicated that
moderately toxic effluent (organic fractions) caused
cardiovascular and skeletal defects, depression of heart rate
and poor hatching, larval and juvenile growth rates.
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Depuration was mentioned as a means to decontaminate fish
grown in waste-fed aquaculture. It is generally believed that
holding fish in clean-water ponds for several weeks at the end
of the growing cycle will remove residual objectionable odours
and pathogens and provide fish acceptable for market.

However, there is a lack of data on depuration practice and
experimental assessment. What little evidence there is suggests
that depuration of heavily contaminated fish with bacteria in
muscle tissue will not be effective.

Relatively short depuration periods of one to two weeks do not
appear to remove bacteria from the fish digestive tract.
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Transport and release of fingerlings are carried out during
morning hours.

The stocked fishes are checked at the monthly intervals for
their growth and health through sample netting.

Regular monitoring of physico-chemical parameters are
undertaken.

Regular cleaning of pipes interconnecting the treatments
pond and fish pond are done.
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The sewage fed fish culture uses the waste recycling process
and maintains the good environment around the urban
area.

Manuring and supplementary feeding is not required due to
high content of nutrients in sewage.

Input cost is very low and production is very high.

This is the biological method of treating waste water before
its final disposal in river.
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The sewage contain high load of organic and inorganic
matters and toxic gases which may harm fish consumers.

As the raw sewage is used in fish ponds, there is a chance of
infection and pollution to enter into human body through
food chain. But this risk can be minimized if good
managerial practice is followed.




Objectives

The principal objective of industrial wastewater treatment is

generally to allow industrial effluents to be disposed of
or to the natural

environment
To manage water discharged from homes, businesses, and

industries to reduce the threat of water pollution.
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Sources of Industrial Wastewater

extile industry andaill leakage

Shreddering facilities Glas industry

Metal industry

\ | / Catering industry

Industrial wastewater

Refinery " , T~ Printing industry

Automobile industry J Carrying business

Pharmaceutical industr Semiconductor indust
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Industries use water that obtained from the water
treatment system for a variety of purposes, such as

- For manufacturing foods.
- For heating.
- For cooling.
- As carrier of raw material.
- As carrier of waste matter.

- As a solvent.

The resulting water is then classified as a wastewater.




The indiscriminate discharge of these wastewater streams
into the environment can

< Render soils "sick ".
< Pollute the receiving bodies of water.

< Cause air pollution by generating obnoxious gases.

Discharge untreated wastewater into the domestic sewer
system makes the task of treating domestic sewage, a very
difficult and costly exercise.

To prevent any health hazards caused by discharging
wastewater into the environment and protect domestic
sewage , the wastewater must be treated before discharge.




Characteristics of Industrial-\Wastewater

1.1 Total Solids

e Analytically the total solids content of a wastewater
is defined as all the matter that remains as residue

upon evaporation at 103 to 105°C.

Total
Suspended

Solids

Non-
Seltleable

Volatile

Fixed

Settlenble

Total
Dissolved
Solids

L Volatile

Volanle

Fixed

Fixed




Industrial wastewater may contain either odorous
compounds or compounds that produce odor during the
process of wastewater treatment.

1.3 Temperature

The temperature of water is a very important parameter
because of its effect on

- Chemical reactions and reaction rates in treatment
process.

- Aquatic life.
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1.4 Color

Color of industrial wastewater varies according to the type
of industry.

Most colored matter is in a dissolved state.

1.5 Turbidity

Turbidity, a measure of the light-transmitting properties of

water, is another test used to indicate the quality of
wastewater discharges and natural waters with respect to
colloidal and residual suspended matter.




2.1 Organic Matter

The presence of these substances has complicated industrial wastewater
treatment because many of them either cannot be or are very slowly
decomposed biologically.

Typical examples include:
- Fats, Oils, and Grease.
- Surfactants.
- Phenols.
- Volatile Organic Compounds (VOCs).

Pesticides & Agricultural Chemicals.

2.2 Inorganic Matter
e Nitrogen & Phosphorus.
e Sulfur.
e Heavy Metals.




Some industries have certain pathogenic organisms
like slaughterhouses others have molds and fungi
as starch and yeast factories.

Biological information is needed to assess the
degree of treatment of the wastewater before its
discharge to the environment.
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Suspended solids

Lead to the development of sludge deposits and anaerobic
conditions when untreated wastewater is discharged into the
aquatic environment.

Nutrients (P, N2&C)

When discharged into the aquatic environment, these
nutrients can lead to the growth of undesirable aquatic life.
When discharged in excessive amounts on land, they can also
lead to the pollution of groundwater.

Priority pollutants

Organic and inorganic compounds selected on the basis of
their known or suspected carcinogenicity, or high acute toxicity.
Many of these compounds are found in wastewater.
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Refractory organics

These organics tend to resist conventional methods of
wastewater treatment. Typical examples include surfactants,
phenols, and agricultural pesticides.

Heavy metals

Heavy metals are usually discharged to wastewater from
commercial and industrial activities and have to be removed if
the wastewater is to be reused.

Dissolved inorganics

Inorganic constituents such as calcium, sodium, and sulfate are
added to the original domestic water supply as a result of water
use and may have to be removed if the wastewater is to be
reused.




Common Types of Wastewater Treatment
Methods

Treatment methods in which the application of physical
forces predominates.

Screening, mixing, flocculation, sedimentation, flotation,
filtration, and gas transfer are typical unit operations.

Treatment methods in which the removal or conversion of
contaminants is brought about by the addition of
chemicals or by other chemical reactions.

Precipitation, adsorption, and disinfection are the most
common examples used in wastewater treatment.




Common Types of Wastewater Treatment
Methods

\/

<+ Treatment methods in which the removal of
contaminants is brought about by biological activity.

Biological treatment is used primarily to remove the
biodegradable organic substances (colloidal or

dissolved) and nutrients (nitrogen & phosphorus)
from wastewater.

Basically, these substances are converted into gases
that can escape to the atmosphere and into biological
cell tissue that can be removed by settling.




Main Treatment Technologies
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<+ The first unit operation encountered in wastewater-
treatment plants is screening. A screen is a device with
openings, generally of uniform size that is used to
retain the coarse solids found in wastewater.

According to the method of cleaning, screens are
designated as hand cleaned or mechanically cleaned.

According to the size of openings, screens are
designated as coarse or fine. Coarse screens have
openings of Y4 inch or more, and fine screens have
openings of less than % inch.
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Main Treatment Technologies

Mechanical Screen

continuous
chain scraper

raking tines

automatic
cleaning device

raw water

screenings
trough

bar screen

screened water




Main Treatment Technologies

It is a process in which Floatables, namely non-emulsified oil and organics
separates from wastewater.

2.1 API (American Petroleum Institute ) Separators

The design of the separator is based on the specific gravity difference
between the oil and the wastewater and between the suspended solids
and wastewater .

In general, this separator can handle very large flow. However, its

disadvantage is the long retention time required for efficient oil
separation.

Qil Rvmovn!\ Qutlet—

Conventional




Main Treatment Technologies

2.2 CPI (Corrugated Plate Interceptors ) Units

They consist of stacks of plates or bundles of slanted tubes, usually at 60
degrees, in a vessel or tank. It has been found that if the plates are tilted
at 60 degrees, the solids will slide down the plates and be collected at the
bottom.

A CPI units can be placed in a small space but cannot take shock loads
and high flows.

They are usually more efficient than API separators and primary clarifiers
in removing oil and solids, as more surface area can be provided.

Oil Removal

Parallel Plate

___ «— Settled Solids




Main Treatment Technologies

Flow equalization is used to overcome the operational
problems caused by flow wvariations, to improve the
performance of the downstream processes, and is also used
as an emergency tank to equalize wastewater effluent in case
of any process failure in the treatment process.

The design must provide for sufficient mixing to prevent
solids deposition and concentration variations and also to
provide aeration to prevent odor problems.

The best location for equalization facilities to be at existing
and proposed treatment plant sites. In some cases,
equalization after primary treatment and before biological
treatment may be appropriate.




Main Treatment Technologies

1. Sedimentation

Sedimentation is the separation from water, by gravitational
settling, of suspended particles that are heavier than water.

Sedimentation is used for separation of grit and particulate
matter in the primary settling basin, separation of biological-floc
in the activated-sludge settling basin, and separation of
chemical-floc when the chemical coagulation process is used. It
is also used for solids concentration in sludge thickeners.

Sedimentation basins are constructed in a variety of shapes and
sizes, circular tanks or rectangular tanks.

The basin is comprised of four zones according to function:
1-The inlet zone. 2-The settling zone.

3-The sludge zone. 4-The outlet zone.




Main Treatment Technologies

Sludge Zone
Outlet Zone

Settling Zone

Inlct Zone
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Main Treatment Technologies

2 Flotation

Flotation is a unit operation used to separate solid or liquid
particles from a liquid phase.

Separation is brought by introducing fine gas (usually air
bubbles) into the liquid phase. The bubbles attach to the
particulate matter, and the buoyant force of the combined
particle and gas bubble is great enough to cause the particle
to rise to the surface to form a scum blanket, which is
removed by a skimming mechanism. Grit and other heavy
solids that settle to the bottom are raked to a central sludge
for removal.

Principal advantage of flotation over sedimentation is that
very small or light particles that settle slowly can be
removed more completely and in a shorter time.




Main Treatment Technologies

Types Of Flotation Systems
Air Flotation

In this system, air bubbles are formed by introducing the gas
phase directly into the liquid phase through a revolving impeller
through diffusers.

~ air control valve
~airinduction cell




Main Treatment Technologies

Types Of Flotation Systems
Vacuum Flotation

This process consists of saturating the wastewater with air either
directly in an aeration tank or by permitting air to enter on the

suction side of a sewage pump.

SURFACE SCRAPER

&( | | 1 | S
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AIR
CONTACT

TANK

PRESSURE/FLOW CONTROL VALVE
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Main Treatment Technologies

1 Neutralization
Industrial wastes often contain acidic or alkaline components which
require neutralization before discharge or treatment.

For wastes that are discharged to receiving waters, a pH between 6 and 9
is frequently specified by regulatory agencies. For wastes entering
biological treatment processes, the pH should be maintained between
6.5 and 9 for optimum growth of the microorganisms.

Acidic wastes are commonly neutralized with waste alkaline streams,
lime, dolomite, ammonia, caustic soda, or soda ash.

Lime is the most widely used alkaline material for neutralization acid
wastes because of its low cost. Lime may be slow to react and may form
insoluble precipitates.

Alkaline wastes usually require treatment with a waste acidic stream,
sulfuric acid or hydrochloric acid.
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2 Oxidation/Reduction

Oxidants are used in wastewater treatment as a first step in the removal of
heavy metals to oxidize organics or as a last step in a treatment process, to
oxidize odoriferous compounds such as hydrogen sulphide or to oxidize
inorganics such as cyanide and for disinfection.

Common oxidation agents used in wastewater treatment:
-Oxygen(0O2).

-Chlorine (Cl2).

-Sodium hypochlorite (NaClO).

-Calcium hypochlorite (Ca(ClO)2).

-Potassium permanganate(KMnO4).

-Hydrogen peroxide(H202).




Main Treatment Technologies

3 Chemical Precipitation

Chemical precipitation in wastewater treatment involves
the addition of chemicals to alter the physical state of
dissolved and suspended solids and facilitate their removal
by sedimentation.

coagulant
coagulant forms precipitate and
precipitate, trapped impurities

trapping impurities settle to bottom
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Main Treatment Technologies

3 Chemical Precipitation
3.1 Coagulation

It takes place in rapid mix, or flash mix basins which are very
rapid. The primary function of rapid mix basin is to disperse
the coagulant so that it contacts all of the wastewater.

Over the years a number of different substances have been
used as precipitants. The most common ones

-Alum(Al2(SO4)3.18H20).
-Ferrous Sulfate(FeSO4.7H20).
-Lime Ca(OH)2.

-Ferric Chloride (FeCl3).
-Ferric Sulfate (Fe2(SO4)3).




Main Treatment Technologies

3 Chemical Precipitation
3.2 Flocculation

The purpose of flocculation is to form aggregates or flocs
from the finely divided matter. The flocculation of
wastewater by mechanical or air agitation.

Flash Mix Flocculation Basin

To

Raw ==p o | SO | A | sedimentatior
WERRRS = chamber

High  Medium Low
Speed speed  speed




Main Treatment Technologies

3 Chemical Precipitation
**Chemical Precipitation for Improving Plant Performance

e From 8o to 9o percent of total suspended matter, 50 to
80% of BODs5 and 8o to 9o% of bacteria can be removed
by chemical precipitation. In comparison, when plain
sedimentation is used, only 50 to 70 percent of total
suspended matter, 25 to 40% of BODs5 and 25 to 75 percent
of bacteria can be removed.




Main Treatment Technologies

Dissolved Air Flotation (DAF) System
In dissolved air flotation (DAF), air is intimately contacted with an
aqueous stream at high pressure, dissolving the air. The pressure
on the liquid is reduced through a back pressure valve, thereby
releasing micron-sized bubbles that sweep suspended solids and
oil from the polluted stream to the surface of the air-flotation
unit.

Solids having a specific gravity greater than water tend to settle to
the bottom and are removed by a rotating scraper arm. Attached
to the same shaft is a rotating skimmer blade that removes the
floating matter from the surface of the vessel into a skimming
hopper.

Clean water passes underneath a skirt and then must leave the
vessel through a launder, which is located in the peripheral region.




Main Treatment Technologies
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A portion of the effluent water is recycled for pressurization. Compressed air
is introduced into the discharge of the recycle pump, and intimate contact
with the water is achieved in the aeration tank.

Chemical Tanks

‘ 3
% Lamella sheets
Influent- I

Pipe flocculator

DAF system with lamella, type flocculate & recycling
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1 Aerobic Biological Treatment
1.1 Activated-Sludge Process
1.1.1 Conventional Activated Sludge

e The conventional activated sludge system contains a tank for
wastewater aeration followed by a settler and a solids recycle
line.

e The wastewater flows through under constant aeration in the
presence of activated sludge and exits at the end of the tank after
4-8 hours of residence time. The oxygen concentration in the
reactor should be o.5-2 mg/l throughout, where values over 2
mg/] are considered lost energy.
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1.1.2 Extended Aeration

e This is the modified form of a conventional activated sludge process in
which the production of excess sludge is minimized by oxidation and an
increase in residence time, i.e. through the larger size of the aeration tank.

e The retention time is extended to 1-2 days, which results in a very low net
yield of sludge due to its consumption of endogenous respiration.

e The main advantage of the extended aeration system is in having the
minimum of sludge handling facilities as compared with other conventional
activated sludge processes.

e The sludge in extended aeration effluents is very light, of nondegradable
nature, and settles with difficulty. Therefore, settling tanks are provided with
a longer retention time of approximately 4 hours versus 2 hours for the
conventional treatment process.
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1.2 Sequential Batch Reactor “SBR”

e The unit processes involved in the SBR and conventional
activated sludge systems are identical. Aeration and
sedimentation/clarification are carried out in both systems.
However, . In conventional plants,
the processes are carried out simultaneously in separate tanks,
whereas in SBR operation the processes are carried out
sequentially in the same tank.

e As currently used, all SBR systems have five steps are commonly
carried out in sequence as follows:

1- fill. 2- react (aeration). 3- settle (sedimentation/clarification). 4-draw (decant).

5- idle.
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1.2 Sequential Batch Reactor “SBR”

A unique feature of the SBR system is that there is no need for a return
activated-sludge (RAS) system. Because both aeration and settling occur in
the same chamber, no sludge is lost in the react step, and none has to be
returned from the clarifier to maintain the sludge content in the aeration

chamber.
Sewage

Excess Sludge Wasting l Fill iﬂ - %
E O ‘
Aeration | Mixing

| | Seme

Treated Water
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1.3 Trickling Filter “ Biological Air Filters”

The trickling filter consists of a bed of a highly permeable medium to
which microorganisms are attached and through which wastewater is
percolated or trickled.

The filter media usually consist of either rock (slag is also used) or a
variety of plastic packing materials.

Rock filter beds are usually circular and the liquid wastewater is
distributed over the top of the bed by a rotary distributor, and the
wastewater was allowed to contact the media for a short time.

The collected liquid is passed to a settling tank where the solids are
separated from the treated wastewater. In practice, portion of the liquid
collected in the under-drain system or the settled effluent is recycled,
usually to dilute the strength of the incoming wastewater and to
maintain the biological slime layer in a moist condition.
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1.3 Trickling Filter “ Biological Air Filters”

The limitations of the trickling filter included a relatively high
incidence of clogging, the long rest period required, and the
relatively low loading that could be used.

:’W Rotating Domed
Influent Enclosure

Distributer
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e The anaerobic process has been developed for the treatment of
sludge and high strength organic load.

e The disadvantage of the anaerobic treatment as compared to aerobic
treatment is that the slow growth rates require a relatively long
detention time in the digester for adequate waste stabilization to occur.

On the other hand, most of the organic waste is converted to methane
gas, which is combustible and therefore a useful end product.

The high temperature necessary to achieve adequate treatment are
often listed as disadvantages of the anaerobic treatment process;
however, high temperatures are necessary only when sufficiently long
mean cell-residence time cannot be obtained at nominal temperatures.
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In the anaerobic process, untreated wastes are mixed with recycled sludge
and then digested in a reactor sealed off from the entry of air.

After digestion, the mixture is separated in a clarifier or vacuum flotation
unit, and the supernatant is discharged as effluent, usually for further
treatment.

Settled anaerobic sludge is then recycled to seed the incoming
wastewater.

Biogas removal
Effluent

Digesting tank
(Contents mixed)

sludge return,
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Disinfection refers to the selective destruction of disease-
causing organisms. All the organisms are not destroyed
during the process.

This differentiates disinfection from sterilization, which is the
destruction of all organisms.

Disinfection is most commonly accomplished by the use of
the following agents:

1- Chemical Agents.

2- Physical Agents.
3- Radiation.




Reuse of treated wastewater in various industries is
becoming very popular being a cheaper source of water
supply where the industrial plant can reuse its own
wastewater through recycling or after treatment or it can be
used for irrigation.

There are many possibilities that some of hazardous and
toxic chemicals may pass to the treated effluents. In order to
eliminate health hazards several advanced methods of
tertiary treatment for industrial effluents with disinfection
are available world wide to meet the standards for effluent
reuse for several purposes.




2.1.1 Filtration
2.1.1.1 Granular Media Filters

Granular media filters are widely used in wastewater
treatment for the removal of both organic and inorganic
suspended solids.

Granular media filters can operate either by gravity flow
(gravity filters) or by pressure (pressure filters).

The most common types of filters are two and three media
filters. A common design for a two media filter would have a
bed of 0.5 mm sand layer below a 0.9 mm anthracite layer. A
common design for a three media filter would have a 30 to 40
mesh garnet layer below the sand layer. Specialty filters
could use different media with different effective sizes.




Auxiliary Operations..

2.1.1.1 Granular Media Filters

Solids are captured by the bed and eventually have to be
removed by scouring and backwashing.

Wastewater supply Back flush water out

Back flush Back flush
supply y supply

Fluidized
filter
media -
Filtered water

Underdrain suppornt Underdrain suppont

Operation during filtration Operation during cleaning




2.1.1.2 Carbon Adsorption

Carbon adsorption is used to remove
certain types of organic contaminants
that are resistant to primary and
secondary treatment when such

removal is required. Carbon Bed

There are some cases where an organic
stream contains contaminants that are
valuable enough to recover with carbon
adsorption.

Spent Carbon
Another use of carbon columns is to_=g

remove Volatile Organic Compounds
(VOCs) from wastewater. All VOCs can
be adsorbed onto activated carbon to a
greater or lesser extent.

Effluent (Treated Water)




2.1.2 Membrane Separation

Membrane separation techniques are used to remove very fine
particles from water, to desalinate water, and recently,
membranes have been developed to remove organics from water,
such as oil and other organics that have clogged and degraded
membranes in the past

Membranes are made of various materials but all have a
consistent pore size that will permit particles or molecules of
a given size to pass through the membrane and will prevent
molecules or particles of a size larger then the pore size from
passing through.

Membrane Separation include ultrafiltration (UF) and reverse
osmosis (RO).




Auxiliary Operations

2.1.2 Membrane Separation

Macromolecules Suspended Solids
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Sludge Treatment & Disposal

The sludge resulting from wastewater treatment operations and
processes is usually in the form of a liquid or semisolid liquid that
typically contains from o0.25 to 12 percent solids by weight,
depending on the operations and processes used.

Sludge is by farther largest in volume, and its processing and
disposal is perhaps the most complex problem facing the engineer
in the filed of wastewater treatment.

The problems of dealing with sludge are complex because it is
composed largely of the substances responsible for the offensive
character of untreated wastewater. The portion of sludge produced
from biological treatment requiring disposal is composed of the
organic matter contained in the wastewater but in another form
which can also decompose and become offensive; and only a small
part of the sludge is solid matter.




Preliminary Operations are used to provide a relatively constant,
homogenous feed to sludge-processing facilities.

1 Sludge Grinding

Sludge grinding is a process in which large and string material
contained in sludge is cut or sheared into small particles to
prevent the clogging of or wrapping around rotating equipment.

2 Sludge De-gritting

In some plants where separate grit removal facilities are not used
ahead of the primary sedimentation tanks or where the grit
removal facilities are not adequate to handle peak flows and peak
grit loads, it maybe necessary to remove the grit before further
processing of the sludge.




3 Sludge Blending
Sludge from primary, secondary, and advanced processes are
blended to produce a uniform mixture to enhance plant
operability and performance.

Blending tanks are usually equipped with mechanical mixers
and baffles to ensure good mixing.

4 Sludge Storage
Sludge storage is particularly important in providing a
uniform feed rate ahead of the following processes:
, heat treatment, ,

and

If sludge is stored longer than two or three days, it will
deteriorate and will be more difficult to dewater.
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Thickening is a procedure used to increase the solids
content of sludge by removing a portion of the liquid
fraction.

Gravity Thickening
Gravity thickening is accomplished in a tank similar in
design to conventional sedimentation tank. Normally, a
circular tank is used.

The thickened sludge that collected on the bottom of the
tank is pumped to the digesters or dewatering equipment as
required.




e Sludge is stabilized to

eliminate offensive odors

e The technologies for sludge stabilization are

heat treatment.

aerobic digestion.




lime stabilization

In the lime stabilization process, lime is added to
untreated sludge in sufficient quantity to raise the
pH to 12 or higher.

Two methods for lime stabilization used are addition
of lime to sludge prior to dewatering, termed “lime
pre-treatment” and the addition of lime to sludge
after dewatering, or “lime post-treatment”.

Either hydrated lime, Ca (OH)2, or quicklime, CaO,
may be used for lime stabilization.
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Dewatering is a physical (mechanical) unit operation used to
reduce the moisture content of sludge.

1 Chemical Conditioning

The use of chemicals to condition sludge for dewatering is
economical because of the increased yields and greater

flexibility obtained. Chemical conditioning can reduce the
90 to 99 percent incoming sludge moisture content to 65
to 85 percent, depending on the nature of the solids to be
treated.

Chemicals used include , lime, , and
organic polymers.




Sludge Dewatering

2.1 Belt Press

e Belt filter presses are continuous-feed sludge-dewatering
devices that involve the application of chemical conditioning,
gravity.
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2.2 Filter Press

In a filter press, dewatering is achieved by forcing the
water from the sludge under high pressure.

In operation, chemically conditioned sludge is pumped
into the space between the plates, and pressure of 100 to
225 lb/in? (690 to 150kN/m?) is applied and maintained
for 1 to 3 hrs, forcing the liquid through the filter cloth
and plate outlet ports.




Sludge Dewatering

2.2 Filter Press

The plates are then separated and the sludge is removed. The
filtrate is normally returned to the head works of the
treatment plant. Clearifiaieiy
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Sludge Treatment & Disposal

3.1 Conventional sand Drying Beds

In a typical sand drying bed, sludge is placed on the bed in a 8 to
12 in (200 to 300 mm) layer and allowed to dry. Sludge is
dewatered by drainage through the sludge mass and supporting
sand and by evaporation from the surface exposed to the air.
Most of the water leaves the sludge by drainage.




Sludge Treatment & Disposal

3.1 Conventional sand Drying Beds

Ap‘plied sludge
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The fertilizer value of biological sludge, which should be
evaluated where the sludge is to be used as a soil conditioner, is
based primary on the content of nitrogen, phosphorus, and
potassium.

2.1 Landfilling

There are two types of landfills for industrial sludge: those
which accept non-hazardous wastes and those that accept
hazardous wastes.




2.1 Landfilling

For this reason, landfills usually have thick, 3 to 10 feet covers
of clean impermeable clay or dirt on top.

Hazardous landfills must meet very stringent requirements.
The bottoms and sides must be double contained, which is
usually accomplished by installing two liquid barriers, usually
plastic.

Liquid is collected from the space between the barriers in a
leachate collection system and is properly disposed of.
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Solutyon: .
(1) WidHh of tank: Accume . 3 deﬁlhﬁ fank of P""“"‘J”’W £neps «
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#s . efflunt onteand” sl
a { mass of V5§ T (22¢-15) = g/
_ g4400 mg/seer
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