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LOREM IPSUM DOLOR SIT AMET, NUNC VIVERRA IMPERDIET ENIM. PELLENTESQUE HABITANT MORBI
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Uszinnaadn1svnuaniinidy

1. msvrdenenaniin (Physical Treatment) :

o Juidmsuunondniotusananninds i vandeuialnea
ASLANY WANARA LWBDIMIS ATIA Y5 lsiuuazingi

o lnsldaunsallunistndamienunin o asunsesinoss fasnnTIn
vsy fasnlogiuuazingu uazsinnmnznou deasiunnsanuiunn
osudavisnnais luiihndodundn




Uszinnoasnisundaiindsy (619)

] 2. nsudeanaad (Chemical Treatment) :

Juisnstnvaindolaslgnszuiunsmaail wiavindfasensudadoduluings
38t lgdmsulinduiiianysznovatndestanilsdesiolud do
— Ao vamsasiAuly

- flansie flavieniin fuosudenaiuasuiinnnznauenn
= flwsunazniviuiazaisiin

— flulasiaunsoneanosariasduly

_ fidolsm

o auUnsalii g Tunsthvmindodisismand laun dinuws
SiMudh fepnnznal §9n509 wazasinitolsa
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3. nsudanednn (Biological Treatment) :

o Juisnsundaindulasldnszuiunmsmedinmnnsoldadunss Tu
nsfidndudovuluiingy

o Tmsaﬁum%ﬂ’mmﬁmaL“flul,l,uus[sz‘i’aaﬂeﬁl,au (Aerobic Organisms)
wiali Ioondiau (Anaerobic Organisms)
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e wialuladnsunvsiindsiinswisiuiogasioiosmassinan
o loputoomIunstnian g A n @il wammnengA N

o winluladwmaildianunsauusoonidu
_ asthdaluaauit (in-situ)
— msthdauananuii (ex-situ)
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Hole of Microbes m Wase Water Treatment Plans

% AszUIUANSUNYAEEIAWIABITaeAUASITRaUNSTranranuufie Gail
2YMADANIZUIUANTLNUA

<+ Usznouee . bacteria, viruses, protozoa

+ adunidinanilog Tu treatment vats, grows uaziafioudi lUnsonry
sewage water

+ JAunsdionaanvansdunidiidosaaule (biodegradable organics) let
Tu CO,, iuasndanudmsunsiaseyuazdunng

& E[‘LL‘SZ‘U‘U‘IJ’TUQQ&’G]ENJJﬂﬂ”l'MViﬂﬂZﬂllﬁ?ﬁ‘iUﬂﬁ‘SLQ‘iﬂJ‘USGQﬁuM%‘Sf(E)E)ﬂ‘?ﬁl,au,
aAd, @159 etc.)




wastewater treatment technology =
Biodegradation
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Microbial Diversity in Wastewater Treatment:
BACTERIA

> WAy funumddyodeddungzuiuasuindaings wandushuanlunnsg Ade
war wWasuwlas asusznaudumnstil luinfisiidiunsune

» Typical concentration of bacteria in wastewater treatment plant is
108-109 cells/ml.

» There are some identified bacterial species in wastewater treatment plant
those are:

e Zoogloea resiniphila, Comebacker sakazakii, Enterobacter asburiae,
Leclercia adecarboxylata, Klebsiella oxytoca,

e K. pneumoniae, Bacillus sp., Enterococcus thailandicus, Chromobacterium
vaccinii, Serratia sp., Kosakonia oryzae, and Escherichia coll.
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Microbial Diversity in Wastewater
Treatment:Protozoa

o luslaedh AuLuAASusINVaLUATLEADLsA wasiunumasdaln
- asruruNstlnlidulasnseaduansdunsduesiia

o AiinvadlusinadInINAINNRDINNSDDABIAL [WiLlisnAULUATIEY -
- TuslashuesiindosnisoandBand suni1ssisedis
_ Tusleghussiinsiosnisaandantiaadniloy

- lUsladhuwiiaanunsasisedineg o luanwinadoauil 1991ane (anaerobic
conditions)




Microbial Diversity in Wastewater Treatment:Protozoa
(512)

@ > The different types of protozoa present in wastewater treatment
system plays different roles:

e -Flagellates (nourish chiefly on dissolved organic matter present
In wastewater)

-Ciliates (it removes floating bacteria and help to clear effluent),

e -Crawling Ciliates like Aspidisca sp. and Euplotes sp.
(dominate activated sludge and indicates good treatment),

e - Sessile Ciliates Carchesium sp. and Vorticella sp. (domlnates
at process end).




What do Flagellate Protozoa Mean in my Wastewater Treatment Plant?

3/9/2014

Flagellate at 1000x magnifcation.

The typical flagellate found in wastwater treatment plants appear as small
ovoid shapes that move in the liquid phase surrounded by much smaller
free bacteria. Using a single or multiple flagella, long whip-like structures, far
motion; these single celled protozoa are one of the first indicator microbes
seen in a wastewater treatment system. In the system they consume the
free floating bacteria cells and adsorb some soluble arganics for their
nutritional requirements. (Note: there are some photosynthetic flagellates
found usually in ponds, lakes and streams but not as common in
wastewater.)

You see flagellates at the early stages of wastewater treatment or when
there is log phase growth of bacteria. In lagoon systems, you will often find
flagellates predominating near the inlet where dissolved oxygen is low &
soluble BOD high. If seen near the effluent, this indicates some type of upset
condition. Common triggers include - (1) high hydraulic loads, (2) increased

organic loadings, (3) pond turnover, and (4) problems with dissolved oxygen concentrations.

In activated sludge or fixed film systems, the sudden appearance of flagellates can indicate an increase in organic

Author

Erik Rumbaugh has been
involved in biclogical waste
treatment for over 20 years.
He has worked with
industrial and municipal
wastewater facilities to
ensure optimal performance
of their treatment systems.
He is a founder of Aster Bio
{(www.asterbio.com)
specializing in biological
waste treatment.

"iew iy profile on
Linked [



Microbial Diversity in Wastewater
Treatment:Filamentous bacteria

> vnuvwasnuaiisoduly (flamentous bacteria) Tumsunvaiinge

> wuaiisuiduly (filamentous bacteria) Tuusunauios fuszlomisionsnosives
nznou (floc formation) Taudulomanilazsdonlasriuidulaseeing AssweauuATIEY
aiaduyg Wineiin Wothulunstopaanuansdunds gy

> mnfuwueiisuduluanndull onadinaidusionsanaznonaasdounznon (sludge
settling) vinT¥uszandnwnstindminiduanas ilesanndousznoulianinsasasuiu
Asalinisusnfounznousananniindoaiunn

> msiuuadisuidulbinndaull vinTWiAaasznouneoa (bulking) deainasionnsdashvos
Faunznou vih Insuunfounznausananniinds (wasting) duszdndanilosas



siinwag filamentous bacteria Ainuluiintds

> AU NLUATIIEYLEW
Todinuluiings

M ICrO th rx ’ Nocardioforms Microthrix Type 0041 & Type Thiothrix sp.
ol ol ol Oil and grease, low food- Pa“’ice"a 0675 Low nutrients, organic
ParVICGIIa, ThIOthrIX to-mass (F/M), foam Anaerobic/anoxic zones, Low F/M, low dissolved acids, septicity, sulfides

trapping, long mean cell low temperature, oxygen (DO), pulp and

S p . Alcanivorax residence time (MCRT) long sludge age, paper

presence of lipids

borkumensis,

Sphaerotilus natans,
Beggiatoa sp.

Type 1851 Nostocoida Sphaerotilus Type 0914
Low FfM, readily Limicola Sp. Low DO, high readily Presence of sulfides, high
degradable cherical Nutrient deficiency, biodegradable (RB) COD RBCOD

oxygen demand (COD) organic acids,



Microbial Diversity in Wastewater
Treatment:Algae

» Algae are a group of photosynthetic organisms, perform a number of
functions in the environment as they can accumulate heavy metals,

pesticides, organic and inorganic toxic substances inside cell as well as
extracellular

» Algae that can be found commonly in industrial wastewater treatment
process include species of Euglena, Oscillatoria, Chlamydomonas,
Phormidium autumnale, Limnothrix, Synechocystis, Microcystis, Lyngbya.



Microbial Diversity in Wastewater Treatment:
Fungi

> !ungl dare a mu|!|ceHu‘ar organism !”a! ”y!ro'yzes comp‘ex organlc

compounds and compete with other microbes in a mix culture.

» Fungi use their fungal hyphae for trapping and adsorbing suspended
solids to accomplish their energy and nutrient requirements and have
been reported to secrete some enzymes, which help in the
degradation of substrates during wastewater treatment.

» The most common fungus organisms associated with waste
degradation are

e Sphaerotilus natans, Aspergillus, Penicillium, Fusarium, Absidia, etc.



Bacteria vs Fungi in Wastewater Treatment

oy

Chemoheterotrophy
Fermentation
nitrogen cycling

Saprotroph
animal pathogen
animal endosymbiont

Domestic
Wastewater
iy TS, .

oy I
I ™, '\.—T

Bacteria Fungi
Activated




Biological Treatment Technologies : aerobic
treatment

=]

¢ I5msihvminduuuunelsiin (aerobic treatment) [Wuisi [duotinaiis
a 5o (algae) uaz wuafitsy (bacteria) fiansnsaiRdaudiulale lwanwiis
pongau (aerobic condition)

e uidulny Cao and Li i@uauuzmslenszuiunns dianlvs lada (electrolysis)
UAUNTEUILANG donTdindudunanesinn (biological contact oxidation
process) watniminduiisl sadaiuudu Falwiues (alkylbenzene sulfonate)

o uidulay Souza et al. 19 asUoauAusuddIA W (biological activated
carbon) Tunsthmihi@oannlsendwisiumietininndvan 1o Tns nanms
nnaod 84 Ju wunuszdndmunstndainduds 65% faldasuoudusius
TINN



NSl ANsAnLSIIRI g IMWANNAUNEY Tun s
1intdauuv aerobic

e z51Aw (biosurfactant) \Wuansiianaannadiuaiiiunsodas i
AakaNUBRamLaANNITzINYGY (interfacial tension) wazussfiiinvog
U1 (surface tension) ehuminyszd@nsnneosszuutnue

o aauaNUfiwas biosurfactant fimianssiansyinun [gihyaiuge
_ ansthaniianudasadusiodaunndon (low toxicity)

_ aunsngesaansldvnedinaw (biodegraded)
_ yunusisanwmadaNdinainany (wide range of temperature and pH)




NSl ANsAnLSIIRI g IMWANNAUNEY Tun s
vdauu aerobic (s19)

o YoRvaiaTBrNNHBsUAUANSATAIATII
- feanumanzandmsumsldeuluanannssut lasieduaznushudaunadou iilosand
zi’auﬂ'izﬂauavﬂuLaqammﬁlﬁfyﬁl,ﬁmsﬁutaqmusﬁwmﬁ i lnalediin nsalwsin

waz la U 1ussiu

e shathansla Bacillus salmalaya 139S| Tumsiinyszansawnns
Frszdainsiufvuazmsaadulasiiion 6 (Cr(VI1)) anndudiiduiin



Biological Treatment Technologies : Anaerobic
treatment

A5nstndaiindsuy anaerobic Wunszuiunisnidn (fermentation process)
Afiuszdnamnlunisandn BOD uaz COD fifianudfuduas lasnnwnzatnaddu
mMsrdnansUsznoudunatiitosaanslsdmedinmweasnanniinidey

ssuuUhUmiindsuuu anaerobic gahan 9 Tuanannnssutndain@uanuin
nanyl

Tunszuunsdosaasuuy anaerobic azimswandadinw (biogas) 7
Usznoausmsilinu (methane) waz carbon dioxide)

nsruuAsiaInsadaduls luanifian redox potential sihuazfiansdunse’
aunsalgsruutnyauuy anaerobic waz aerobic sauAuld luasundaiingy



Waauguszuuu Ui tdanuyu
Anaerobic vs Aerobic

Table 1. Comparison of anaerobic and aerobic systems [14-17]

Parameters Anaerobic Aerobic
Nutrient requirement Low High
Effluent quality Medium High
Temperature sensitivity High Low
Energy requirement Moderate High
Efficiency in removal of organic High High

Odor

High potential to produce

Low potential to produce




dnengwadnstindniings
Ecology of Biological Waste Water

dunsdisazvilainmandfiinniziiinunzansunssuiumsinge
s isinari

51 (fungus) aunsaRsadulale [wanwineadouiidanwidunse
(reduced pH) wazil lulasauiioy

wiHnsasfidnunnlunistgosaansasdunay uel lassasradulovag
FINANAUAINAFIDANTN AN DUV DINZADY Ti1AdNHNam U525 AN
AsunYeidslassiu

sy L0 (rotifer) Tughasusduwasnstnvaindodudaaudis
Hlasnnlsihasnsafunuafiiiafinszanusotinazansdunsd L6



Bacteria and Structural unit in wastewater treatment
(LnuaLLATISBuarlAsvas e nanluszuundRiEe

e uuATIButauaauduUNsY (Heterotrophic bacteria) fiunumadeaylu
AsANYRansdunsy lussuutdmings

o LUATIEYWAN LA N LT unanson (clusters) Tusy LUUBINNY
YatzVNitNvigoydany 1ok

e naumznau (floc)
o Waudrn 1w (biofilm)
e iaunsua (granule)




Bacteria and Structural unit in wastewater
treatment (cont.) : EPS

answoawesuanad (Extracellular Polymeric Substances - EPS) uansii

U

NANVOINUATIRLNANDT 1

EPS iinannmsaassinuasaasd Msuatansannioad uaznsaaduanssing ann
inde

Aoaaausiaad EPS UsznoushulUsfinuazwoduaann bsst funuindidalunns
fvualaTiassLazAaNTRvosnaNIadn (biomass)

Jadvudszaslunszuiunmstnvaings anunsansssiuniswan EPS iazhuag
dnnuazuniosnauyadnannansini

EPS gawinniniifluinsnznsas (diffusion barrier) ehsasanuitunuaay
A15U5:NDUGNN FoULTAR



it Access through Rambhai Barni Rajabhat Un... Purchase PDF Access throug

Journal of Bioscience and Bioengineering
Volume 134, Issue &, December 2022, Pages 508-512

Extraction, characterization, and
biosurfactant properties of extracellular
polymeric substance from textile
wastewater activated sludge

Aulia Maulana !, Resa Setia Adiandri ' ? & &, Ramaraj Boopathy 3, Tjan

Show more




Bacteria and Structural unit in wastewater
treatment (cont.) : Flocs

e nznou (Floc) Ao smxnaunwnaoe (activated sludge) itAinannnns
SR ussLUaiisy Iapuuaiiitoazdaineiunaneluiingds Wnn
AszUNUANSNNREndasiad

e Flocs Usznoumpuumnidaazals EPS

£
Qa/

o ANuAIMITaInzNaL (Flocs stability) duagfu
- efinvasrdunsdmslunznou
— JFuIaaaueinge
— ANHIAEANNAANIIRADN (environmental stress)

How do Flocs and Aczivated Stodge Help in Sewage Trezment

o onadsnalimznouunns’ (fragmented)



Bacteria and Structural unit in wastewater treatment
(cont.): msAasHhaasllangdInw (Biofilm formation)

Biofilm Aadwidslaseadewasaduniy’ (microorganism structure) inzfinag uniuinfiidu
Yayudy (solid platform)

WINIALNITFERINAAUNFTAVNUANAAIINAALUINY 10U ws9NeAT1INU5e] (electrostatic
interaction) usssunasznindsianafifigh (hydrophobic interaction) uasviuszlaniausl

nsnasvasilandinmwiAaduannsiwadaduniy lasondoadndsnousine wu wu (cilia) vu
du (fimbriae) wilsiwad (cell wall) uazarawoadmasuaniwas (EPS)

AsuudaNnaans (mass transport) maluilaudinw andonszuiunisuns (diffusion) weausi
ANurDasildndiandusg fuanuanunsaluAsdusuYoIaNT6Ng Lazoandian

nstnuvaniusnss (genetic transfer) anunsaidaduldnoluiaugrnn oansiusnssy
iWwasUKIUYa9INe (channel) wazsns (pores)



Bacteria and Structural unit in wastewater treatment
(cont.): Aerobic Granules

o inunsuauuuldonnia (Aerobic Granules) : mMssinslvesaadnuuulisas
oplHITE R RHIILT

e Aerobic Granules Wuglatswasnsnusivasaadnuuulsidosoduuss
Aeuan (microbial self-immobilization)

o waluladnsldifiaunsuauuuldonna ddad fo Waunsuad "Anuanunsalunig
nnmznauldf” (good setting ability) uas
"HUnaANMuNguuasdatngs” (high concentration of microorganism)
melulaseadhs

o nsflotuasuuaiiiiuiiadayfiulag (slow growing bacteria) uaznszuiunns
wonluflilimeiu (denitrification) duadnnssiush (aggregation) uazmsaasi
VOUAALNTUA
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Levels of waste water treatment

Primary Treatment :

* Physical process

P B b o g o
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o " P — T T T el & o et g ey
|
par s Do B e e e
T wi "'."l'."- = TrEe st s e
l SeCOnddary (redalmernt
ki,

* Biological process (Microbiological)
.Y

Tertiary Treatment (Advanced)

* Chemical process
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i

Y

VYUADUNTT
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IR ERIGE




S b ek e [V Rl GH)
< -

e 1. nnstinvnaiudu (Preliminary Treatment) uaznnsuindniidossin
(Primary Treatment) : Tunstndaiousnnss nsie wazvadudaunalnay
ponNANVIMAINSTDNEY TauipsosdnsaUnsalil [Wusznoushe
- seunsanesnU (Coarse Screen)

- sewnandun (Fine Screen)
- fwennsense (Grit Chamber)
_ gannmznouidossiu (Primary Sedimentation Tank)
~ ipdosrndnleiih (Skimming Devices)
o N5UNUR iududuilansnsarninvesudeusiuasslssonas 50 - 70 HasfIA6



dusndunsundniintdy (619)

e 2. nsuniundunidoy (Secondary Treatment)
— Dunmsthmindsiidiunszuiunstintadusduuaznisinvaidossiuunudy B8

_ Tewvlunstndaduiiaeamioidundnatnsinnmsindavediaw (Biological
Treatment) awmﬁwaﬂmstamaaumsﬂ"lusvwmﬂ‘[mamammmsﬂmum
st onUs:ansanlumstosanssunsdldmamn A dusnusssiens




unaun1sundniintdy (610)

2. nsthiinaiuiiaas (Secondary Treatment) (sio)

o LunmznaUAUNEToaNNUNTIlRslTHInnmznou (Secondary Sedimentation
Tank) vih i fsfinaunwidn

o iU ughsuugnidalsa (Disinfection) walwuiiTain lifdadunsei
AoltiAnlsaUwTon

o AouazszuvinTNasdunaninsssnang niovnnduly Tous:loant (Reuse)




(a) PRIMARY TREATMENT (b) SECONDARY TREATMENT
(Biological oxidation)
o Screening, o Prima
el ry effluent
sknawng, undergoes aeration;
grinding of microorganisms iekling i
i o ; oxidize organic _|"'oKling filter
e Solid matter matior. {see Figure 27.22)
settles out. -
Primary .-" N
effluent :
‘ Sewage
Primary
sedimentation

tank

Primary sludge

e Remaining sludge

is digested anaerobically,

producing methane.

(d) SLUDGE DIGESTION

7

Activated & Settling tank
sludge system N
(see Figure 27.20)

Secondary sludge

from settling tank

(c) DISINFECTION AND RELEASE

o Effluent is disinfected
by chlarination and
released.

Chlorinator

Effluent " 3
Y

Secondary
effluent

/ e Sludge effluent o Sludge is
is dried. removed and Key
Sludge disposed of 7] Physical
effluent ¥ in landfill or | processes
agricultural
\a, land. T Microbial
L | processes
Anaerobic sludge

digester Chemical
(see Figure 27.23) Drying bed processes

» The stages in
typical sewage
treatment.
Microbial activity
occurs aerobically
in trickling filter or
activated sludge
aeration tanks
and anaerobically
in the anaerobic
sludge digester.

Tortora et al., 2004



dunounistnniinds (a5urunnlu slide)
« 000000

e [he stages in typical sewage treatment. Microbial activity
occurs aerobically in trickling filter or activated sludge
aeration tanks and anaerobically in the anaerobic sludge
digester.

e A particular system would use either activated sludge
aeration tanks or trickling filters, not both, as shown in this
figure.

e Methane produced by sludge digestion is burned off or used
to power heaters or pump motors



Secondary Sewage Treatment
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o 357inlzAuiiluTugu secondary treatment : activated sludge
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o UNUMVDIAAUNSE Tuszuutindmuint&suvuy Fixed film

e szuutnvUniintd@uuvuy Fixed film wu Trickling filter,
Rotating Biological Contactors (RBC)
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THE ACTIVATED SLUDGE PROCESS
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sHee FIGURE 27.20 An activated sludge system of

(a) Diagram of an activated sludge system secondary sewage treatment.

Tortora et al., 2004
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(Activated Sludge Process)

o finsKuaNAnSoaandianluts effluent ann primary treatment

e o activated sludge lfunannmsidinaznouiss (activated sludge)
annstdaasanou (previous batch) TwAuindoiiaaalva
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e g0 (activated sludges) aztiopansdumndtisunawnaluingsly
u ansuaulaoanlwsfiazin

o Aundlwidonadnlu activated sludge lsun Zoogloea oyl
floc w3a sludge granule (Figure 27.21)



Bacterial cells -—
embedded in
particles of floc

FIGURE 27.21 Floc formed by an activated sl
system. Gelatinous masses of floc are formed by o
species of Zoogloea bacteria. Notice the bacterial cefs

embedded in particles of floc.

» Contact with microbes forming floc is responsible for
of the activity of activated sludge systems.

Two strains of Zoogloea resiniphila. &
The tube on the left shows typical floc
formations in an otherwise clear culture
of a bacterium, Zoogloea resiniphila,
isolated from an activated sludge
wastewater treatment reactor. In the
tube on the right, planktonic growth by a
floc-impaired mutant results in a turbid
appearance.
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Rotating spray arm
for incoming sewage

Rock bed or plastic
honeycomb

Effluent (enters settling
tank to tremove sludge

Sewage wastes .
before discharge)

2) Rotating spray arm of a trickling filter system (b) A cutaway view of a trickling filter system

IGURE 27.22 A trickling filter of secondary sewage treatment. The
:ewage is sprayed from the system of rotating pipes onto a bed of rocks or
olastic honeycomb designed to have a maximum surface area and to allow
oxygen to penetrate deeply into the bed.

* Microorganisms grow on the enormous surface area, forming a biofilm that Tortora et al.. 2004
aerobically metabolizes the organic matter in the sewage trickling down ¥

through the bed.



(b) SECONDARY TREATMENT QDISINFECTION AND RELEASA

(a) PRIMARY TREATMENT
(Biological oxidation)
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it ; oxidize organic Trickling filter
| Solid matter matior. {see Figure 27.22)
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(d) SLUDGE DIGESTION
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Sludge Digestion
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e Primary sludge fiazananngennnznonasausn (primary
sedimentation tank) uaz Sedimentation tank azanunvasiolag
n1saulugs anaerobic sludge digesters

o Wuszuuii b [Fonne



An anaerobic sludge digester at a California sewage-treatment plant.
Much or all of a typical digester is below ground level, especially in
cold climates. Methane from such a digester is often used to run
pumps or heaters in the treatment plant. Excess methane is being
burned off in the flame shown at the top of the digester.

Tortora et al., 2004



Ugassmaadulugetovadns (Sludge digestion
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e 1. nsuanmsuanlaoanlasuaznsadunsgannnssUILANS
anaerobic fermentation lauaadwnan anaerobic uas facultative

nannayTe
o 2. nanduvsdpndasaasluilulelasiaulazasuoulaoanlusias
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e 3. MsuwandisuannasUalnoanlasnianssnazdiin lay methane

producing bacteria



UjAsuvirandulugsdosadnd (Sludge digestion
tank)

o Aulnaifiisugnuanduainnszuinnsil

CO; +4H, —— CH4 + 2 H,O

Other methane-producing microbes split aceric
(CH;COOH) to yield methane and carbon dioxide:

CH,COOH — CH, + CO,
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