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ABSTRACT

The quality of wastewater effluents is responsible for the degradation of receiving water bodies, such as
lakes, rivers, streams. The two main processes for the removal of impurities from wastewater influents
are chemical and biological treatment but due to some drawbacks of the chemical treatment, biological
treatment is now employed. Microorganisms are of major importance in industrial wastewater treatment,
agricultural and aquaculture. They reside in the sediment and other substrates, and in the water of
aquaculture facilities. Microorganisms may have positive or negative effects on the outcome of
aquaculture operations. Positive microbial activities include elimination of toxic materials such as
ammonia, nitrite, and hydrogen sulfide, degradation of uneaten feed, and nutrition of aquatic animals
such as shrimp, fishes. These and other functions make microorganisms the key players in the health and
sustainability of aquaculture. The role of the different microbial groups present in the waste water
treatment systems with particular importance of bacteria and protozoa in the removal process of nitrogen
and phosphorus indicate that the biological treatment systemis very effective in the wastewater treatment
systems.
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INTRODUCTION
The major microbial populations found in wastewdteatment systems are bacteria, protozoa, viruses,

fungi, algae and helminthes. The presence of mbghese organisms in water leads to spread of
disease’s The majority of waterborne microorganisms thaiseahuman disease come from animal and
human fecal wastes. These contain a wide varietyrofes, bacteria, and protozoa that may get vaashe
into drinking water supplies or receiving water st Microbial pathogens are considered to be critical
factors contributing to numerous waterborne outtsedany microbial pathogens in wastewater can
cause chronic diseases with costly long-term effestich as degenerative heart disease and stomach
ulcer. The density and diversity of these pollusazan vary depending on the intensity and prevalefc
infection in the sewered community. The detectisalation and identification of the different typeg
microbial pollutants in wastewater are always diffi, expensive and time consuming. To avoid this,
indicator organisms are always used to determiaadtlative risk of the possible presence of a palar
pathogen in wastewafer

Viruses are among the most important and poteyptiafist hazardous pollutants in wastewater. They are
generally more resistant to treatment, more infesti more difficult to detect and require smatleses

to cause infectiods. Because of the difficulty in detecting virusesiedo their low numbers, bacterial
viruses (bacteriophages) have been examined fdndaecal pollution and the effectiveness of tneatit
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processes to remove enteric viruses. Bacterigdharenost common microbial pollutants in wastewater.
They cause a wide range of infections, such agtdiar dysentery, skin and tissue infections, etc.
Disease-causing bacteria found in water includéedifnt types of bacteria, such Bscoli O157:H7;
Listeria sp, Salmonella sp, Leptosporosis sp., etc (CDC, 1997). The major pathogenic protogzoa
associated with wastewater a€iardia sp. andCryptosporidium sp.They are more prevalent in
wastewater than in any other environmental s§drce

The two major chemical pollutants in wastewaterrdategen and phosphorus. Although there are other
chemical pollutants, such as heavy metals, detesgard, pesticides, however nitrogen and phosphorus
are the most frequent limiting nutrients in eutricption’®. The processes for the removal of impurities in
wastewater can be divided into two: chemical andlogical. Chemical removal is a method of
wastewater treatment in which chemicals are adaedotm particles which settle and remove
contaminants. The treated water is then decantedagpropriately disposed of or reused after the
resultant sludge is dewatered to reduce the vollie.most common techniques in chemical treatment
are coagulation/flocculation, chlorination, chloiaation, ozonation and ultraviolet light (UYAf. All
biological-treatment processes take advantageeoéltility of microorganisms to use diverse wastewat
constituents to provide the energy for microbialttabelism and the building blocks for cell synthesis
This metabolic activity can remove contaminants #na as varied as raw materials and by-prodticts

The aim of this paper was to review the varioustaaater treatment systems and examine the roles and
dynamics of the various microorganisms that aredan wastewater treatment systems.

Biological Wastewater Treatment Systems

The fundamental reason for the treatment of wastwa to circumvent the effect of pollution of wat
sources and protect public health through the safeling of water sources against the spread oskse
This is carried out through a variety of treatmsystems, which could be onsite treatment systems or
offsite treatment systems. This section is theeefaimed at describing the offsite (activated slyudge
trickling filters, stabilization ponds, constructegtlands, membrane bioreactors) wastewater tredtme
system¥&.

Activated sludge

The activated sludge is a process that has to ¢o high concentration of microorganisms, basically
bacteria, protozoa and fungi, which are presedb@se clumped mass of fine particles that are kept
suspension by stirring, with the aim of removingaoic matter from wastewatdrAn activated sludge
can also be referred to as sewagethat containgeatiicroorganisms which helps in the breakdown of
organic matter. It is the most versatile and effecof all the wastewater treatment systems. In an
activated sludge system, the microorganisms preisettie aeration tank can breakdown the organic
matter present in the wastewater. The microorgasmiem composed of 70-90 % organic matter and 10-30
% inorganic matter. The types of cells vary, dejamddn the chemical conditions and the specific
characteristics of the organisms in the biologioalss’. After the mixed liquor is discharged from the
tank, a clarifier (also referred to as a settlingsedimentation tank) separates, by gravity theeuded
solids from the treated wastewater. The concemtratelogical solids are then recycled back to the
aeration tank, to maintain a concentrated populatfomicroorganisms to treat the wastewater. Bezaus
microorganisms are continuously produced in théesysa way must be provided to dissipate the excess
biological solids produced. Wasted solids from #aeation tank are lower in concentration than those
from the clarifier; therefore, a higher volume bafdge has to be handled. Depending on the desidn an
operation of the process, it is possible to maxéntiz minimize the production of solids

A typical activated process consists of an aeratamk, a means of transferring oxygen to the
microorganisms present in the aeration tank, a medrstirring the mixture of fluid dispersed in the
aeration tank, a means of separating the micro@geanfrom the treated water and a system of rauycli
some of the microorganisms back to the redttdthe activity of the microorganisms helps in the
oxidation of the sewage organic matter into carthioride and water. During the early stage of tresatm

the large floating materials in wastewater are ficseened out, before the sewage is allowed ® pas
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through the settling chamber, which helps in thaaeal of sand and other materials, while the flogti
debris is shredded and ground. In the aeration ¢dinke system, air is passed through the effldi@nt
primary treatment. It 9is indicated that an actidasludge is an efficient system that has thetqhii
remove 75-90% of the biological oxygen demand (B&Bh sewag¥'*®

In the activated sludge, the carbonaceous orgaattenof the wastewater provides the energy sdiarce
the production of new cells. The microbes conusgtdarbonaceous organic matter of the wastewater in
cell tissue and oxidize end products that inclu@®,SQ,, NO; and PQ™. The activated sludge system is
perhaps the most widely-used process for the remtuof the concentration of dissolved, particulate
colloidal organic pollutants in wastewater. Theibatesign parameters for the process are fairlyf wel
known and adequate conservation design standasésl lom the empirical data that have evolved ower th
years®,

Most activated sludge processes are used to degaaldenaceous biochemical oxygen demand (BOD). It
is also possible to design and operate the prdoessidize ammonia (nitrification) and reduce niiér&o
nitrogen gas. Many activated sludge plants are ahesigned to achieve nitrification, while other syst’
modification include phosphorus removal and biataginitrificatiorf®. Activated sludge plant designs
are based on the length of time the sludge is keftie system, typically termed solid retentiondim
(SRT) or on the amount of food provided to the wdcganisms in the aeration tank (the food-to-
microorganism ratio (F:M) and the hydraulic detentitimé®. The constant aeration, agitation and
recirculation in an activated sludge system, craat@eal environment for the numerous microorgasis
present, while inhibiting the growth of larger onggans. Bacteria, fungi, protozoa, rotifers and nexhes

are commonly found in activated sludge, thoughnadly not exist in any single system. Despite the
presence of other microorganisms, the bacteriaygieally considered to be the significant orgargssm
consuming the organic matter in wastewater. Alpaeause of their need for light rarely exist in eaix
liquor'®. The overall reactions occurring in the activastgtige system are determined by the composite
metabolism of all the microorganisms in the actdasludg®. The metabolic process consists of the
separate, yet simultaneously occurring reactionsyathesis and respiration. Synthesis is the usa of
portion of the waste matter (food) for the prodoctof new cells (protoplasm), while respiratiorttie
coupled release of energy through the conversionfoofl material to lower energy-containing
compounds, typically carbon dioxide, water and otg$he various oxidized products forms of nitrage
The precise nature of the products formed depem@srne extent on process design, including reaction
time, temperature and process loading of the sy&tem

Trickling filter

A trickling filter is a commonly used method of sedary wastewater treatment. It is made up otex fi
bed that contains a highly permeable media (graveplastic material etc), which has a layer of
microorganisms on the surface that leads to thedton of a slime layer. In a trickling filter sgsh, the
microorganisms are attached to the media in theabhddiorm a biofilm over it. As the wastewater g&ss
through the media, the microorganisms consume @mdve contaminants from the wastew&ter

In a trickling filter, the sewage is sprayed oves permeable media (bed of rocks, molded plasti;el
and ceramics etc). The media must be large encugas air will be able to pass through to the druott
but small enough to maximize the surface area abailfor microbial activity. A biofilm of aerobic
microorganisms grows on the media because air péssmigh the media, the aerobic microorganisms in
the slime layer can oxidize the organic matterkling over the surface into carbon dioxide and wate
This treatment system removes 80 - 85% of the BODRhsy are less efficient than activated sludge
systems. They are easier to operate and do notgratem with toxic sewage. Trickling filters cosisi

of a septic tank, a clarifier and an applicatiostegn. The septic tank helps with the removal ofsthieds
present in the wastewater; the clarifier enableshiblogical materials to settle out of the wastewand

the application system assists in the distributidnthe treated wastewater to the proper site. Prior
treatment, wastewater that is passed to a tricklitay must first be pretreated to remove solid gneasy
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materials, so as to prevent them from coveringhhrelayer of microorganisms present and to preteat
solid and greasy materials from killing them.

Trickling filters can be classified as high ratelaw rate according to hydraulic or organic loadibhgw

rate filters has to do with simple treatment theddpices a consistent effluent quality. The low rate
trickling system should be able to remove 80-85%applied BOD. High rate filters are usually
characterized by higher hydraulic and organic lngslithan the low rate filters. Recirculation tagksce

in high rate filters while for low rate filters, does not occur. Recirculation is the process bighvfilter
effluent is returned and reapplied on the filtenisTrecycling of the wastewater increases the egiptin

of the waste with microorganisms thereby makingetfieent to undergo proper treatment

Membrane bioreactor

A membrane bioreactor is a combination of the lgjimlal degradation process of an activated sludge wi

a direct solid-liquid separation by membrane filbm through the use of micro or ultrafiltration
membrane technology. The system allows for the ¢etephysical retention of bacterial flocs and all
suspended solids within the bioreactor. The adgmstaxf a membrane bioreactor over other treatment
systems is its high effluent quality, good disiniec capability, higher volumetric loading and less
sludge production. A membrane bioreactor (MBR$) IBological wastewater treatment process that uses
membrane to replace the gravitational settlinghefconventional activated sludge process for thid-so
liguid separation of sludge suspension. Membrarm@ehctors are used to treat biologically active
wastewater feeds from municipal or industrial sesrcTwo MBR configurations could exist,
internal/submerged and external/sidestream. Institeamerged, the membranes are immersed in and
integral to the biological reactor while in the exxtal/sidestream, the membranes are a separate unit
process that requires intermediate pumping §t&ps

The membranes in membrane bioreactor system are o@adf polymers or inorganic substances. They
are made of several small pores, which can onlgdas with the help of a microscope. Because of thei
small pore size, only very tiny particles and waseallowed to pass through the membfanalthough
several configurations of membrane are known, tbeingon ones that are applied in membrane
bioreactor are the hollow fiber, flat sheet andutab membranes. The hollow fiber and flat sheet
membranes are usually dipped in water while thailltstbmembrane is usually placed outside the
bioreactof”. The two major problems in hollow fibers are slmggand braiding. Both braiding and
sludging can affect the membrane surface area sthan&al cleaning should also be carried out.
Braiding is caused by the presence of hairs ardlasé fibers that ring around the membrane surface
Braiding can be avoided through careful screeninigftuents or recirculated liquid. On the othemida
sludging is caused by the accumulation of thick saft mud of industrial wastes. This is avoided by
ensuring a sufficient flow of water in the medfin?,

In the membrane bioreactor, the rate of passingadér through the membrane is called membrane flux.
In some operations, the membrane flux likely tordase leading, which may lead to membrane fouling,
which is a great problem that increases operatimh and may require membrane cleaning. Membrane
fouling may be caused by the accumulation of pagicon the membrane surface, which leads to
resistance in the membrane filtration. To contrelmbrane fouling control, aerators are installedelém

the membrarfé. In a membrane filtration, periodic relaxationdarack flushing for the removal of the
foul layer from the membrane surface are someeabfierations that are carried out.

The MBR process competes with other biological exater treatment systems, such as the conventional
activated sludge. Although conventional biologipaedcesses perform well in meeting normal discharge
standards and are cost effective, they can struggieeet treatment standards for discharge intsithesn
environments. Also, conventional processes arecé@teld not to be cost effective for wastewater reuse
unless ultrafiltration or microfiltration membrana® used as a post treatniént

Stabilization pond

A wastewater stabilization pond is one of the nimgtortant natural methods for wastewater treatnient.

is usually a shallow man-made pond that consisténgle or several series of anaerobic, facultative
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maturation ponds. In this system, the treatment of the wastewatetssfrom the anaerobic pond, which
is designed for the removal of suspended solidssamde other organic matter present. In the second
stage, also known as the facultative pond, the iréntgaorganic matter is removed through the agtioit
algae and the heterotrophic bacteria &throbacter sp., Rhodococcus sp., Pseudomonas sp®. During

the last stage, treatment is achieved through #teination pond, whose main function is the rema¥al
pathogens and nutrients. The system is said to dmsteffective wastewater treatment system for the
removal of pathogenic microorganisms. The treatnuérthe wastewater is gained through the use of
natural disinfection mechanisms. Stabilization magde suitable for tropical and subtropical coestri
because of the intensity of sunlight and the teatpee which aids the effectiveness of the removal
processes.

Anaerobic ponds are the smallest of the serietabilization ponds processing, they are about 248ep
and receive high organic matter. This high orgamatter produces strict anaerobic conditions meaning
that dissolved oxygen is not present in the poing flinction of the anaerobic pond can be likenetti¢o
open septic tanks. A well designed anaerobic pand gain around 60% organic matter removal at
20°C’™. This pond is very efficient and also requires lba@a and it produces a very rich nutrient sludge
which can be used for other purposes. In a warndition, the BOD removal can be as high as 60-85%
within a short period of tinf&

Facultative ponds are of two types; a primary fetie pond which has to do with the receiving afvr
wastewater and the secondary facultative pondshatéceives the settled water from the first stage
(anaerobic pond). They are designed for the remafvarganic matter based on the low organic surface
load to permit the development of algal populatiby;this algae generate oxygen needed for them to
remove soluble organic matter. Because of the glgpllation the water gets a dark green colouration
but can also turn red or pink due to the presefpeiple sulphide oxidizing photosynthetic activifyhe
change in colour in facultative ponds is an indicdhat removal process is going on in the pond. At
times, it could be due to some Red algae, e.g.iespeaaf RhodophytaWind velocity is of great
importance because it helps in the mixing of thadowater and this indicates that there is a uniform
distribution of organic matter, dissolved oxygeacteria and algd&™

Constructed wetland

Constructed wetlands are excavated basins witpulae perimeters and undulating bottom contours int
which wetland vegetation is purposely placed toask pollutant removal from stormwater runoff.
Stormwater enters a constructed wetland througbreatiay where the larger solids and coarse organic
materials settle out. The stormwater dischargen fitoe fore bay passes through emergent vegetduiin t
filters organic materials and soluble nutrientse Megetation can also remove some dissolved ntgrien
Constructed wetlands can also be designed to remkatestormwater flov{s3*#2

The use of constructed wetlands can be looked &tanwvays. First, a constructed wetland may be used
primarily to maximize pollutant removal from storrat@r runoff and also help to control stormwater
flows. It may also be used primarily to control retavater flows, with increased pollutant removal
capabilities. The secondary benefits of construgtetiands include preservation and restoratiorhef t
natural balance between surface waters and grouatdrsy increased wildlife habitats, and higher
property values, if the same area were turneddmtectangular stormwater baSin

The system takes advantage of many of the procdbs¢sexists in natural wetlands. Constructed
wetlands treatment systems can be divided into swbsurface flow and free water surface systerrs

the free water surface system, pollutants are recholvom the wastewater by the decomposing
microorganisms (mostly bacteria and fungi) livingthe surface of the aquatic plants and $biBuring
decomposition, oxygen is utilized by microorganisattached to the aquatic plants below the levéhef
water. Apart from helping in the decomposition @ss; the aquatic plants also play an importantinole
the uptake of nutrients, such as nitrogen, phosghand other compounds from the wastewater. When
the plants die and decompose, some of the nitragehphosphorus is released back into the Water
Many of these systems have been prepared and rumptove water quality, but also to provide high
guality wetland habitat for migratory birds. Manfytbe systems are used for wastewater treatmargere
and disposal systeriis
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In the subsurface flow, the system is designedréate subsurface flow through a permeable medium,
keeping the water that is treated below the surfébis helps in avoiding the development of odand
other problen. The media, which is typically soil, sand, graeelcrushed rock usually, affects the
hydraulics of the system. In the free water surftoe system is designed to replicate the natuetlbwds
with water flowing through at shallow depths. Theottypes of wetlands treatment systems are
constructed in basins or channels with a naturabastructed subsurface barrier to limit leacfify

Roles and Dynamics of Microorganisms in Wastewatefreatment Systems

The major microbial populations found in wastewadteatment systems are bacteria, protozoa, viruses,
fungi, algae and helminthes. The presence of mbghese organisms in water leads to spread of
diseasée¥.

Bacteria

In wastewater treatment systems, bacteria play rata in the conversion of organic matter present
less complex compounds. In terms of size, bactai@me from 0.2- 2.0 um in diameter and are
responsible for most of the wastewater treatmeseijstic tank¥. Though not all bacteria are harmful, a
number of them cause water-related diseases in rand animals. Some of these diseases include
cholera, dysentery, typhoid fever, salmonellosig gastroenteritf8. Bacteria can be found entangled in
flocs as in the case of activated sludge, whereesalay important role in biological treatment while
some like the filamentous bacteria can cause seooblem in settling and foamif!§®. Waterborne
gastroenteritis of unknown cause is frequently regah with susceptible agent being bacteria. Qertai
strains ofPseudomonas and Escherichia coli which may affect the newborn are potential souafethis
disease. These strains of microbes have also hg#icated in gastrointestinal disease outbr&aks
Bacteria are of the greatest numerical importamcavastewater treatment systems. The majority is
facultative living in either the presence or abseoé oxygefi*®*® Although both heterotrophic and
autotrophic bacteria are found in wastewater treatraystems thepredominant ones are the heteratroph
bacteria. Generally, heterotrophic bacteria obtheir energy from the carbonaceous organic matter i
wastewater effluent. The energy obtained is usethf® synthesis of new cells and also for the selazt
energy through the conversion of organic matter water. Some important bacteria genera that are
found in wastewater treatment systems Aphromobacter, Alcaligenes, Arthrobacter, Citromonas,
Flavobacterium, Pseudomonas,Zoogloe andAcinetobacter 4%

In wastewater treatment systems, bacteria are megpe for the stabilization of influent wastes.eTh
majority of the bacteria are known to form floc fades. The floc particles are clusters of bacténizt
break down waste. Also, the floc particles alsvs@s sites on which waste can be absorbed andrbrok
down. Filamentous bacteria form, which trichomegilaments provide a backbone for the floc parscle
allowing the particles to grow in size and withstahe shearing action in the treatment process.nWhe
filamentous bacteria are present in excessive ntsrirelength, they often cause solid/liquid sepanat

or settleability problenis®.

Furthermore, bacteria are the most common microp@lutants in wastewater. The presence of
pathogenic bacteria can be indicated using the festotal and faecal coliforrffs’. Conventionally, the
detection of feacal coliform is generally acceptsl a reliableindicator of faecal contaminatfon
Escherichia coliis also regarded as agood and reliable indicatdadoal pollution from animal and
human sources since it is known not to last foglpariods outside the faecal environnfigrthe tests for
total and faecal coliforms can be carried out, giseither the traditional or enzymatic methods.
Traditionally, the tests for total and faecal amlifis are carried outsing the multiple-tube fermentation
or by membrane filtration techniques. While the tiplg-tube fermentation technique is used for mediu
or highly contaminated waters, the membrane fitirattechnique is used for low or very low
contaminated waters.

Protozoa

Protozoa are microscopic, unicellular organisms &na also found in the wastewater treatment system
They perform many beneficial functions in the tneamt process, including the clarification of the
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secondary effluent through the removal of bacteila;culation of suspended material and as bio-
indicators of the health of the sludge. The proto#tat inhabit the wastewater treatment systems are
capable of movement in at least one stage of teelopmerit*’. They are 10 times bigger than
bacteria; they are unicellular organisms with meambrenclosed organelles. Protozoa prey on pathogeni
bacteria which make it have an advantage in wasteWRaThey can be classified into five groups
depending on their mode of locomotion, which awe fiee swimming ciliates, crawling ciliates, stalke
and sessile ciliates, flagellates and amoehoid

In wastewater treatment systems, protozoa are lugéflogical indicators of the condition of the
system¥. Although some protozoa are able to survive uflach in the absence of oxygen, they are
generally known as obligate aerobes, hence prole texcellent indicators of an aerobic environment.
Additionally, they serve as indicators of a toxiovieonment and are capable of exhibiting greater
sensitivity to toxicity than bacteria. An indicatiof possible toxicity in a treatment system is dbsence

of or a lack of mobility of protozoa. The presermfdarge numbers of highly evolved protozoa in the
biological mass in a wastewater treatment systeindisated as a hallmark of a well-operated antlsta
system>*2

They can be placed into one of five groups, acogrtih their means of locomotion. These groupstze t
free-swimming ciliates, crawling ciliates and stalksessile ciliates, flagellates and amo&aeThe
three types of ciliates are free-swimming ciliataswling ciliates and stalked ciliates. All of Heethree
have short hair-like structures or cilia that bimatinison to produce water current for locomotiom a
capturing bacteria. The water current moves sulgkbacteria into a mouth openihy

In the aeration tank of biological processes, a trophic web is established. The biological systém
these plants consists of populations in continumapetition with each other for food. The growth of
decomposers, prevalently heterotrophic bacterigenids on the quality and quantity of dissolved oiga
matter in the mixed liqudt. For predators, on the other hand, growth depemdthe available prey.
Dispersed bacteria are thus food for heterotrofilagellates and bacterivorous ciliates, which, imt
become the prey of carnivorous organisms. The ioelstiips of competition and predation create
oscillations and successions of populations ugtilgnic stability is reached. This is strictly degent on
plant management choices based on design chastickedimed at guaranteeing optimum efficienty
Some ciliates, however, are predators of otheatedi or are omnivorous, feeding on a variety of
organisms including small ciliates, flagellates atispersed bacteria. All bacterivorous ciliates reh
ciliary currents to force suspended bacteria tootlaéregior’. Ciliated protozoa are numerically the most
common species of protozoa in activated sludge,flagellated protozoa and amoebae may also be
present. The species of ciliated protozoa most comynobserved in wastewater treatment processes
include Aspidiscacostata, Carchesiumpolypinum, Chilodonellauncinata, = Operculariacoarcta,
Operculariamicrodiscum, Trachelophyllumpusillum, Vorticella ~ convallariaand  Vorticella
microstoma®™*. Figure 2.2 indicates the trophic web in the actdatludge.

There is indication that the free-swimming ciliagesh ad.itonotus sp. andParamecium sp., which have
cilia on all their body surfaces are typically fmususpended or swimming freely in the bulk sohution

the other hand, the crawling ciliates, suchAggidisca sp. andEuplotes sp. possess cilia only on their
ventral or belly surface where the mouth openintpésited. The crawling ciliates are usually foumd o
floc particles while the stalked ciliates, suchGachesium sp. andVorticella sp., possess their cilia
around the mouth opening only and are attacheld¢mpfarticles. They have enlarged anterior poréind

a slender posterior portion. The beating of thia @hd the springing action of the stalk produseater
vortex that draws dispersed bacteria into the moptming®**°

In wastewater systems, two types of amoebae adomieant, naked, such astinophyrs sp, Mayorella

sp. andThecamoeba sp. and the shelled amoebae or testate amoelga&;yelopyxis sp. The naked
amoeba lack any protective covering while shelledebae possess a protective covering that comgists
calcified material"*® flagellated protozoa are oval in shape and pesses or more whip-like flagella.
In wastewater treatment systems, the flagellatetbpoa are propelled through the system by the difelp
the flagella in a cork-screw pattern of locomotfofi
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Viruses

Viruses are also found in wastewaters, particuladgnan viruses that are excreted in large quasititie
faeces. Viruses that are native to animals andiplaxist in smaller quantities in wastewater, altjio
bacterial viruses may also be preééfit They are the causative agents of some wateetklafections

in humans, such as gastrointestinal and respiratfegtions, conjunctivitis and meningitis. It isported
that a majority of waterborne diseases due to wifilsd sources were caused by enteric virtfs@hey

are very notorious and persistent when presentastewater and can remain a viable source of ifecti
for months after their entry into the wastew2ter

Fungi

Fungi are also part of the microorganisms foundiastewater treatment systems. Fungi are multiegllul
organisms that are also constituents of the aetiivaludge. Under certain environmental conditiona i
mixed culture, they metabolize organic compounds @an successfully compete with bacteria. Also, a
small number of fungi are capable of oxidizing amiacto nitrite, and fewer still to nitrate. The rhos
common sewage fungus organisms Quieaer otilus natans and Zoogloea sp®*®?

A number of filamentous fungi are found naturally wastewater treatment systems as spores or
vegetative cells, although they can also metabaiganic substances. A number of fungi specied) suc
asAspergillus, Penicillium,Fusarium, Absidiaand a host of others have been implicated in theval of
carbon and nutrient sources in wastewiteBome fungi are also reported to have the abitlity
breakdown organic matter present in the sludgeesysin a system with low pH, where bacterial growth
is inhibited, the main role of the fungi is the dkdown down of organic matter. Additionally, sornedi

use their fungal hyphae for trapping and adsorlingpended solids to accomplish their energy and
nutrient requirements. Some filamentous fungi Hasen reported to secrete some enzymes which help in
the degradation of substrates during wastewatembent’.

Algae

Algae can be found in wastewater because theyldeet@ use solar energy for photosynthesis as agell
nitrogen and phosphorus for their growth leadingetitrophicatioff. Some types of algae that can be
found in wastewater includeuglena sp, Chlamydomonas sp, andOscillatoria sp. Algae are significant
organisms for biological purification of wastewateecause they can be able to accumulate plant
nutrients, heavy metals, and pesticides, organicirarganic toxic substances. The use of microaigae
biological wastewater treatment has gained a lanpbrtance over the ye&ts

High rate algal pond is shallow and equipped wittthanical aeration and mixing by means of paddle
wheels, 90% of BOD and 80% of nitrogen and phosphare treated in high rate algal ponds.
Construction and energy costs are highly lower thiedland requirement is not up to that of faculati
pond in constructed wetlarfds

Helminth

Nematodes are aquatic animals present in frestgkista and salt waters and wet or hunsdil
worldwide. Freshwater nematodes can be preserdrid flters and aerobic treatment plants. They are
present in large numbers in secondary wastewatiuerfs, biofilters and biological contractors.
Freshwater nematodes inhabit freshwater below titentable with species utilizing oxygen dissolugd
the fresh water. Nematodes are part of the ecosysterving as food for small invertebraté$®? They
crawl onto floc particles and move in whip-like Higen when in the free-living mode. They secrete a
sticky substance to be able to anchor to a subgnatdia), so that anchored nematodes can feedwvith
interference from currents or turbulence. A lackiefatode activity can be one of the bio-indicatdra
toxic condition that may be developing in the tneaint proces$§%2°

There are many species of parasitic worms that hawean hosts. Some of them have the ability toecaus
serious illnesses. They can be grouped into thheeroundworms, the flatworms and the annelids. The
flatworms are divided into two groups, the tapewarmwhich posses segments on their body and the
flukes, which have a single, flat and unsegmentaty/bA common characteristic of most helminthes is
that they reproduce through eggs, although the eggysdiffer in size and shape. In wastewater, most
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helminthes eggs are not always infectious. Foretigs to be infectious they need to be viable andilla
development must occur. The larval development rscatirequired levels of temperature and moisture.
Helminth eggs can remain viable for 1-2 monthsriops and it takes longer months in soil, fresh wate
and sewage and can take years in faeces and SItfjé° Helminthes eggs are inactivated at elevated
temperatureised (above 40°C) and reduced moistew 5%), although these conditions are not
readily achieved during wastewater treatment; picgl water treatment, helminthes eggs are rembyed
physical means, such as sedimentation, filtratiocoagulation-flocculatiot®

CONCLUSION
The main reason for treating wastewater is to prevee spread of diseases by safeguarding water
sources against pollution. Treatment of wastewiatene of the strategies for the management ofrwate
quality. Due to some drawbacks over the years aairgg chemical treatment, biological treatment is
now employed to avoid the unpleasant conditionsaitural water resources. The incidence of bioldgica
nitrogen and phosphorus in wastewater treatmertersigs has been extensively investigated. Most
nutrient removal studies are based on the presehdeacteria and their roles in the removal of
phosphorus and nitrogdrave been well documented. The role of protozahénremoval of nutrient in
wastewater treatment has also evolved over thesyear
In recent years the main role of protozoa was éndffiectiveness of the purifying process by feeding
bacteria thereby reducing their number and algbérprocess of nutrient mineralization. Large aniadin
microorganisms that actively contribute to the real®f nutrient is responsible for eutrophicatidrttee
water sources, therefore there is need for moreéemtitrelated research monitoring unit in order to
achieve unpolluted wastewater discharge into waoelies. This will help in ensuring effluent stardfar
and limitations as set by regulatory bodies whidh kelp in clearer understanding and explanatién o
observed microbial life in wastewater treatmentteys especially in constructed wetlands due to
migratory birds.
Fungi have also been reported to increase the diglgiidy, settleability and dewaterability of wasteter
sludge and contribute to the sludge managemenegiraOur understanding of the microbial community
structure in wastewater treatment systems continwesadvance rapidly owing to the ongoing
development and application of molecular methodsday, for most of the important processes in
wastewater treatment systems; the use of unculjorekaryotic organisms have been identified which
has generated a lot of enormous opportunity for itheestigation of important microorganisms.
Fundamental studies have shown that the diverditfuoctional important prokaryotic groups in
wastewater treatment systems can be influencechéyplant design and also by the changes in the
process stability. Contaminants like hydrocarbaggvly metals, nitrogen and phosphorus in distributed
water and discharged wastewater is a constanbamcern.
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