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ABSTRACT
Wastewater can be defined as the flow of used water discharged from homes, businesses, industries,
commercial activities and institutions which are directed to treatment plants by a carefully designed and
engineered network of pipes. This wastewater is further categorized and defined according to its sources
of origin. Typically 200 to 500 liters of wastewater are generated for every person connected to the
system each day. The amount of flow handled by a treatment plant varies with the time of day and with
the season of the year.
The processes reviewed here include both those that remove pollutant contaminants in wastewater and
those that destroy them. Using a wastewater treatment technology that removes, rather than destroys, a
pollutant will produce a treatment residual. At wastewater treatment plant, this flow istreated beforeit is
allowed to be returned to the environment, lakes, or streams. There are no holidays for wastewater
treatment, and most plants operate 24 hours per day every day of the week. Wastewater treatment plants
operate at a critical point of the water cycle, helping nature defend water from excessive pollution. Most
treatment plants have primary treatment (physical removal of floatable and settleable solids) and
secondary treatment (the biological removal of dissolved solids).
A short description about the primary treatment which includes screening, grit chambers and
sedimentation tank whereas secondary treatment involves activated sludge, trickling filters etc. and also
to measure of carbon removal in the wastewater treatment processes can be done by TOC, BOD, and
COD is also discussed here.
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INTRODUCTION
Wastewater is defined by the Committee on Seweeagk Sewage Disposal of the American Public
Health Association as “a combination of (a) thesiiijwastes conducted away from residences, business
buildings, and institutions and (b) from industatablishments, with (c) such ground, surfacesaon
water as may be admitted to or find its way inte sewers This means that wastewater includes water
from residential, industrial, and commercial sosrcEhe water people use every day that goes dosvn th
drain from baths, sinks, dishwashers, and toilet®ants for only a portion of the total water usage
Removal of solids from wastewater is necessaryusetas solid waste decays, it consumes oxygen and
depletes the oxygen in whatever body of water & added to, causing great harm to aquatic organisms
Treated wastewater can be reused in a variety g wauch as, for drinking water, in industrial Befs,
or in agricultural settinds
Untreated waste-water generally contains high &evel organic material, numerous pathogenic
microorganisms, as well as nutrients and toxic ammps. It thus entails environmental and health
hazards and, consequently, must immediately beey@mavaway from its generation sources and treated
appropriately before final disposal. The ultimatalgof waste-water management is the protectiahef
environment in a manner commensurate with publithend socio-economic concetns
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At wastewater treatment plants, this flow is trddtefore it is allowed to be returned to the envinent,

lakes, or streams. Wastewater treatment plantsatgpat a critical point of the water cycle, helpimajure
defend water from excessive pollution. Most treattants have primary treatment (physical removal
of floatable and settleable solids) and secondasgtment (the biological removal of dissolved ssjlid
Wastewaters after travelling through pipes to readio wastewater treatment plants, where it iseith
treated and returned to streams, rivers, and oawareised for irrigation and landscaping. At thenp
equipment and processes remove or destroy harngidrials, chemical compounds, and microorganisms
from the water. Pumps, valves, and other equipm®ave the water or wastewater through the various
treatment processes, after which they disposeeofaimoved waste matefial

MEASURING WATER QUALITIES
To measure carbon removal in these wastewatemtesdtprocesses, several approaches can be used.
Carbon removal can be measured:

» As total organic carbon (TOC),

» As chemically oxidizable carbon by the chemicalgey demand (COD) test,

» As biologically usable carbon by the biochemicajgen demand (BOD) test,
The TOC includes all carbon, whether or not it &hle by microorganisms. This is carried out by
oxidizing the organic matter in a sample at higmgerature in an oxygen stream and measuring the
resultant CQ by infrared or potentiometric techniques. The C@ilzes a similar measurement, except
that lignin often will not react with the oxidizinghemical, such as permanganate, that is usedsn th
procedure. The BOD test, in comparison, measurég the portion of the total carbon that can be
oxidized by microorganism in a 5-days period urgtandard conditions.
The biochemical oxygen demand is an indirect meastiorganic matter in aquatic environments. It is
the amount of dissolved (heeded for microbial oxidation of biodegradablgamic matter. When O
consumption is measured, the i®elf must be present in excess and not limitlation of the nutrients.
To achieve this, the waste sample is diluted tarasthat atleast 2mg/lit of LQare used while atleast
1mg/lit of O, remains in the test bottle. Ammonia released duoirganic matter oxidation can also exert
an Q demand in the BOD test, so nitrification or theragen oxygen demand (NOD) is often inhibited
by 2-chloro-6-(trichloromethyl) pyridine (nitrapw). In the normal BOD test, which is run for 5days
20C on untreated samples, nitrification is not gomeoncern. However, effluents are analyzed, N@b c
be a problem.
In terms of speed, the TOC is fastest, but leszrimdtive in terms of biological processes. The GOD
slower and involves the use of wet chemicals witlhér waste chemical disposal costs. The TOC, COD
and BOD provide different but complementary infotimia on the carbon in a water sample. It is critica
to note that these measurements, concerned wiblortaand carbon removal, do not directly address
concerns for removal of minerals such as nitratesphate, and sulfate from waters. These minerals a
having worldwide impacts on cyanobacterial and laggawth in lakes, rivers, and the oceans by the
contributing to the process of eutrophication. Teemoval of dissolved organic matter and possibly
inorganic nutrients, plus inactivation and remowdl pathogens are important parts of wastewater
treatment.
WATER TREATMENT PROCESSES
The aerobic self-purification sequence that ocetren organic matter is added to lakes and rivenshea
carried out under controlled conditions in whictiunal processes are intensified. This often inveltre
use of large basins (conventional sewage treatmegh8re mixing and gas exchange are carefully
controlled.
Conventional wastewater treatment normally involpemary, secondary, and tertiary treatment:
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Fig.1: Stages of wastewater treatment

PRIMARY TREATMENT SECONDARY TREATMENT
| || | Disinfection

s : Secondary Settling
Trickling Filter Tank t‘@

Secondary

Primary
E=NR Raw sewage effluent et 1
: Bar screen Discharge to surface
water or tertiary
Primary settling treatment

sludge

o =l

Grit chamber } Rﬂ'-"'-' or primary sludge

—_— = =
£ S z

Gt disposal

SLUDGE TREATMENT
AND DISPOSAL

Sludge Digestor Dnying heds

» Primary Treatment can physically remove 20 to 30% of the BOD thagprissent in particulate
form. In this treatment, particulate material isnoved by screening, precipitation of small
particulates, and settling in basins or tanks. fEselting solid material is usually called slufige

1. Screening

The raw influent first goes through a self-cleansween and then into one end of a shallow and

rather fast moving basin so that sand and gravelsgdtle out. The screen removes coarse and

floating solids from the sewage. The screen musidened regularly and the removed solids must be
burned, ground and digested, or butied
2. Grit chamber

A chamber in which the velocity of waste flow igloeed to a point where the denser sand and other

grit will settle out, but the organic solids wikmain in suspension. The settled material is bwied

used for fill"
3. Primary settling tank

These are usually large tanks in which solidseseitl of water by gravity where the settle-ablédsol

are pumped away (as sludge), while oils float tottp and are skimmed off. The velocity of flow is

reduced to about 0.005 m so that the suspendediahatél settle out with a detention time of 11/2—

21/2 hours because longer periods usually resultejpietion of dissolved oxygen and subsequent

anaerobic conditioris

4. Sludge digestors

The sludge which settles in the sedimentation b&sipumped to the sludge digestors with a

temperature of 30-35°C. Continual adding of ravdgé is necessary and only well-digested sludge

should be withdrawn, leaving some ripe sludge ia tligestor to acclimatise the incoming raw
sludgé.
5. Drying beds:

Digested sludge is placed on drying beds of saelfigure 2—8) where the liquid may evaporate or

drain into the soil. The dried sludge is a porousbis-like cake which can be used as a fertiliser

baseé.
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» Secondary Treatmentis used after primary treatment for the biologiminoval of dissolved

organic matter. About 90 to 95% of the BOD and mbagterial pathogens are removed by this
process. Several approaches can be used in segarement to biologically remove dissolved
organic matter. All of these techniques involve ikim microbial activities. Under aerobic
conditions, dissolved organic matter will be tramsfed into additional microbial biomass plus
carbon dioxide. Under ideal conditions the micramigms will aggregate and form a settable
floc structure. Minerals in the water also may ledtup in microbial biomass. When
microorganisms grow, flocs can form. A healthytalge floc will be compact. In contrast,
poorly formed floc can have a network of filamerganicrobes that will retard settling.

When these processes occur with loweleels or with a microbial community that is toaupng or too

old, unsatisfactory floc formation and settlingsr a@cur. The result is bulking sludge, caused fy th

massive development of filamentous bacteria sucBphaerctilus and Thiothrix, together with many

poorly characterized filamentous organisms. Thegmitant flamentous bacteria form flocs that dé no

settle well, and thus produce effluent quality peots'.

1. Trickling filters:

A trickling filter is a fixed bed, biological filtethat operates under (mostly) aerobic conditidhre-

settled wastewater is ‘trickled’ or sprayed oveg fiter. As the water migrates through the porethe

filter, organics are degraded by the biomass cogetie filter material.

Figure 2: Trickling filter
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The liquid effluent from the primary settling taik passed to the secondary part of the system where
aerobic decomposition completes the stabilisafidre incoming wastewater is sprayed over the filter
with the use of a rotating sprinkler then the filbleedia goes through cycles of being dosed andsecpo
to air depleting oxygen within the biomass anditirer layers may be anoxic or anaerobic. Depending
on the rate of flow and other factors, the slimdl wiough off the rocks at periodic intervals or
continuously, whenever it becomes too thick to ét@ined on the stones. A secondary settling basin i
necessary to clarify the effluent from the tricklifilter. The overall reduction of BOD for a comide
trickling filter system averages around 80-90 met'c

2. Secondary settling tank:

With the majority of the suspended material remofredh the sewage, the liquid portion flows over a
weir at the surface of the secondary settling t&tlorination of the effluent from the secondaritlsey
tank takes place in accordance with state and laeal. Depending on the location most laws reqthiag

a free available chlorine (FAC) residual (usuall@ Gng/L) be maintained after a 30-minute contact
period. This contact period is obtained throughuke of chlorine contact chambers which are dedigne
to provide a 30-minute detention time. From theodhk contact chamber the treated sewage is hgrmall
discharged into a receiving body of water
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3. Activated sludge
Microorganisms play a critical role in the functiog of activated sludge systems. The operation is
dependent on the formation of settable flocs.
» If the plant does not run properly, poorly settlftars
» Can form due to such causes as low aeration, sulfidd acidic organic substrates. These flocs
do not settle properly because of their open opy®istructure. As a consequence, the organic
material is released with the treated water anetewhe quality of the final effluent.
An aerobic activated sludge system involves a bota flow of materials with a recycle of sludge-
the active biomass that is formed when organicenddtoxidized and degraded by microorganisms.
Activated sludge systems can be designed with ti@nig in mixing. In additions, the ratio organic
matter added to the active microbial biomass cavabed. A low rate system (low nutrient input per
unit of microbial biomass), with slower growing moorganisms, will produce an effluent with low
residual levels of dissolved organic matter. A higlbe system (high nutrient input per unit of
microbial biomass), with faster growing microorgans, will remove more dissolved organic carbon
per unit time, but produce a poorer quality effiuen

Fig.3: Activated sludge system
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Aerobic secondary treatment also can be carriedmibta trickling filter. The waste effluent is szl
over rocks or other solid materials upon which woiial flms have developed, and the microbial
community in these films degrades the organic waAtesewage treatment plant can be operated to
produce less sludge by employing the extendediarrptocess. Microorganisms grow on the dissolved
organic matter, and the newly formed microbial bhssis eventually consumed to meet maintenance
energy requirements. This requires extremely laxgetion basins and extended aerations times. In
addition, with the biological self-utilization ofhé biomass, minerals originally present in the
microorganisms are again released to the water.

All aerobic processes produce excess microbial &gsnor sewage sludge, which contains many
recalcitrant organics. Often the sludge from aergeiwage treatment, together with the materiatiedet
out in primary treatment, are further treated bgeanbic digestion. Anaerobic digestions are lasegsk t
designed to operate with continuous input of umnégtasludge and removal of final, stabilized sludge
product. Methane is vented and often burned fot hed electricity production. This digestion praces
involves three steps:

» The fermentation of sludge components to form digaadids, including acetate.
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» Production of methanogenic substrates: acetate, I§@rogen.

» Metanogenesis by the methane producers. These agetaenic processes, involve critical balances

between oxidants and reductant.

> Tertiary Treatment’

It purifies wastewater more than is possible withmpry and secondary treatments. It is particularly

important to remove nitrogen and phosphorus comg@uhat can promote eutrophication. Organic

pollutants can be removed with activated carbderfl Phosphate usually is precipitated as cal@um
iron phosphate. Excess nitrogen may be removedshypping”, volatization as NH3 at high pHSs.

Ammonia itself can be chlorinated to form dichlorae which is then converted to molecular nitrogen.

In some cases, biological processes can be useghtove nitrogen and phosphorus. A widely used

process for nitrogen removal is denitrification.relaitrate, produced under aerobic conditionssedias

an electron acceptor under conditions of low oxygéth organic matter added as an energy source.

Nitrate reduction yields nitrogen gas and nitromsle (N,O) as the major products. Currently there is a

great deal of interest in anaerobic nitrogen rerhpkacesses. These include the anammox proces&wher

ammonium ion (used as the reductant), is reacteti witrite (the oxidant) produced by partial
nitrification. By use of this process, as carried m Holland, the partial nitrification step gaae53%
transformation to nitrite, and no nitrate productioVhen reacted with the ammonium ion in the
anammox process, a total of 80% of the beginningnanium ion was converted to,Ndas, showing the
value of this new technology. For phosphorus re@exobic conditions are used alternately in &eser

of treatments, and phosphorus accumulates in dlyeeaidapted microbial biomass as polyphosphate.

Tertiary treatment is expensive and usually not leygal except where necessary to prevent obvious

ecological disruption.

CONCEPTUAL APPROACH OF BOD AND COD*

The amount of oxygen necessary for the stabilisafdecomposition) of organic material in sewage

under aerobic conditions is called BOD indicatihg amount of organic matter present in the sewage.

The BOD test is a measure of the oxygen requiresrafritacteria and other organisms as they feed upon

and cause decomposition of organic matter. A highDBwill result in water becoming anaerobic

(depleted of oxygen), therefore a measure of tgaroc load placed on the treatment facility. Indakt

non-organic wastes can also deplete oxygen in #terywand this is measured by the chemical oxygen

demand (COD) test.

< COD is a measure of the oxidisability of waste,resped as the equivalent amount in oxygen of a
strong oxidizing agent consumed by the waste ufided laboratory conditions. The dichromate
reflux method is preferred over other methods usithgr oxidants such as potassium permanganate
because of:

a. Its superior oxidizing ability,

b. Applicability to a wide range of wastes, and

c. Ease of use.

In the dichromate reflux method, a predeterminedwarhof waste is dissolved or dispersed in water an

oxidised by potassium dichromate in a strong suiphacid medium with silver sulphate as the catalys

under reflux for two hours. The residual dichromiateletermined by titration with standardised fago
ammonium sulphate. In the case of wastes contaicligrine, mercuric sulphate is added to reduce
chloride interference. The result of analysis f@[Tis expressed in mg/L (ppm).

« BOD is normally expressed in mg/L or parts per ignllfor a specified time and temperature, the
standard being five days at 20°C. The five-dayC2BOD does not represent the total demand of a
sample for oxygen. Only about two-thirds of theatatxygen demand of a domestic sewage sample
is satisfied in five days at 20°C, and almost &llhe demand in 20 days at 20°C. It would be very
time-consuming to attempt to determine the totahaed by incubating samples for 20 or more
days. For this reason the five-day BOD test has beeepted as a practical standard.
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The five-day BOD test is used as a control at yealfl sewage treatment facilities. The adequacy and

degree of sewage treatment may be judged by theremtuction that occurs in the five-day BOD of the

sewage as it flows through the sewage treatmeiiitfacdlso, standards are established by various
governmental control agencies which set limits ba five-day BOD of treated sewage that may be
legally discharged into a receiving stream.

The general procedure for determining a BOD inwelfiting two BOD bottles with the water sample

that has had its pH corrected to 7, and any clégpiresent neutralized with three drops of a oneceet

solution of sodium thiosulphate. DO is measurethinfirst bottle at time zero, and in the secontiiéo
after five days storage in the dark at 20°C. THéemrtince between the two when multiplied by the
dilution factor gives the BOD in mg/L or ppm. Thisthe oxygen consumed by microorganisms in the
sample as they digest the organic matter preseet,five days at 20°C. A rapid BOD can be deterhine
in two and a half days at 37°C and this has betrrdaned to be equivalent to the five day test08t2

INSTRUMENTATION AND CONTROL IN WASTE-WATER TREATMEN T FACILITIES:

Waste-water treatment processes are charactenzedrtinuous disturbances and variations that danno

be detected by manual measurements with the praciand within the time span necessary for

maintaining proper operation of the facility. Tyaicgorocess disturbances include process inputs and
conditions such as variable flow rates, chemicdlzinlogical composition, temperature and deAsity

Following components are used as instrumentation:

a) Measuring devices Measuring devices, referred to as sensors, iecldtruments that sense,
measure or compute the process variables. Thewdbhes fall into three categories: physical (flow,
pressure, level, temperature, etc.), chemical (pkication-reduction potential, turbidity, specific
conductance, dissolved oxygen, chlorine residuad, 0 on) and biological (oxygen consumption
rate, TOC reduction rate, sludge growth rate, etc.)

b) Signal-transmitting devices -The function of a signal-transmitting device isttansmit a process
variable signal from a sensor to a readout deviceamtroller. The signal may be transmitted
mechanically, by means of the movement of a pen, indicatogtfty cablepneumatically by means
of a detector or an amplifier, @ectronically by means of voltage and current, pulse duration, or
tone.

Radio/microwave transmission has recently been Idpgd and put into practice. This transmission

method is particularly advantageous where the gath@oints are scattered over a large area andewhe

telephone lines are either not available or proivifly expensive. Electronic and radio/microwave
control systems are becoming more attractive fouraber of reasofs

c) Data display readout -Readout devices display the transmitted operatica configuration that is
usable by the operator. The most common types aida@ devices are indicators, recorders, and
totalizers on panels or computer screens. The dataay is placed either locally, close to the
equipment site, or at a central operating roonmterwhole facility.

d) Control systems -control systems may be discrete or continuouslidarete control, the status of
equipment and status changes (digital measurermentorrelated with a preset value or programmed
of events. The operation may be initiated manudély the operator, using a push button, or
automatically by an internal process-generatedte@mtinuous control, on the other hand, requires
analog measurement for its input and manipulatfisah control element as its output. The control
element may be feedback and feed forward contmppdoand control systems or controllers. The
devices automatically regulate the control variable

e) Data acquisition systems -Data acquisition systems effectively accumulatemtt, record, and
display data transmitted from sensors. Modern datuisition systems commonly referred to as
Supervisory Control and Data Acquisition (SCADA)st®ms, can provide accurate, impartial
documentation of process measurements and opeions. In addition to data accumulation and
processing, SCADA systems can produce the necegsaiess corrections such as chemical
solutions, air supply, pump scheduling, and so on.
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f) Artificial intelligence - New technological advances have made it feasibleuge artificial
intelligence for the monitoring and control of ogéons in a waste-water treatment plant. Three
systems have been developed for that purpose, pamgiert systems, fuzzy control systems, and
neural networks. Expert systems were the firstaaléveloped, followed by fuzzy control systems.
Neural networks are relatively new and have nothgsn extensively developed for use in waste-
water managemeht

g) Application in the waste-water treatment plant- There are many factors that determine the need
for instrumentation and control elements in wastewaystems. These factors include the size of the
facility, hours of manned operation, complexity tife process, reliability requirements, and
availability of instrumentation maintenance perseinblitimately, most of the resultant decisions are
made on an economic basis. The decision to uselinghtation, automation, and control in waste-
water treatment systems should be made early irctineeptual design phase of a facility, as it
influences the design of the entire system; the simd configuration of existing vessels, tanks,
channels, pipes and mechanical equipment will ety have to be substantially altered to
accommodate good instrumentation and control mregti

h) New directions - As new and more sophisticated instrumentation esebbped, waste-water
characterization is likely to improve in the yetwscome. With devices that can measure values of
micrograms and even nanograms per liter, contartsrthat are present only in trace amounts will be
accurately detected. Improved characterization abterwater, made possible by more sensitive
detection methods and advanced analytical techgjqu@l also yield more knowledge about the
behavior of waste-water constituents and theitigaiahip to process performance. This is especially
true for biological treatment processes, where ohiclogical techniques, including RNA and DNA
typing, help optimize process performance. As peaaodeling becomes more accurate, the design
and operation of waste-water treatment facilitiédsve greatly enhancéd

CONCLUSION
Waste-water treatment is becoming ever more criticee to diminishing water resources, increasing
waste-water disposal costs, and stricter dischaagelations that have lowered permissible contantina
levels in waste streams. The treatment of wastenfat reuse and disposal is particularly important
all the regions of the world.
Effective waste-water collection and treatment afegreat importance from the standpoint of both
environmental and public health. Extensive reseaaclivity in this field has led to significant
improvement and diversification in the processasmathods used for waste-water treatment and sludge
management. The present study begins with briefrgiti®ns of the various technologies commonly used
for waste-water treatment.
Wastewater includes water from residential, indalstand commercial sources. The water people use
every day that goes down the drain from baths ssidishwashers, and toilets accounts for only &gror
of the total water usage. . Treated wastewaterbeareused in a variety of ways, such as, for dnigki
water, in industrial settings, or in agriculturattings. Untreated waste-water generally contaigh h
levels of organic material, numerous pathogenic rooiganisms, as well as nutrients and toxic
compounds. It thus entails environmental and headthards and, consequently, must immediately be
conveyed away from its generation sources andetiegppropriately before final disposal. The ultienat
goal of waste-water management is the protectioth@fenvironment in a manner commensurate with
public health and socio-economic concerns.
Wastewaters after travelling through pipes readbewastewater treatment plants, where it is either
treated and returned to streams, rivers, and ocmaresised for irrigation and landscaping. At thenp
equipment and processes remove or destroy harngidrials, chemical compounds, and microorganisms
from the water. Pumps, valves, and other equipmeve the water or wastewater through the various
treatment processes, after which they disposeeofeémoved waste material. Measure of carbon removal
in these wastewater treatment processes can bebgioi@C, BOD, and COD.
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