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Abstract

Project Code: MRG5480103

Project Title: Studying of the relationship between microbial diversity changes and
design factors of full scale biological aerated wastewater treatment

plants.

Investigator: Mujalin Pholchan

Faculty of Science, Maejo University

E-mail Address: mujalin@mju.ac.th

Project Period: 2 years

Biological treatment processes treat wastewater by using naturally
occurring microorganisms in either aerobic or anaerobic conditions. Among biological
wastewater treatment processes, activated sludge is one of the most widely used
aerated suspended-growth treatment processes which is used for treating both
domestic wastewater and industrial wastewater for many years. The bioreactor is a
complex system made up a large number of different types of microorganisms including
bacteria, protozoa, fungi and metazoa. Different groups of microorganisms can,
naturally, breakdown organic matter, stabilize insoluble organic compounds and also
degrade micropollutants. Identifying types of microorganisms that rule the success and
failure of bioreactors may not be necessary for some designers, however, an
understanding of the microbial community and their functions along with the design and
operational parameters affecting the growth and biochemical activities of these
organisms can be very useful.

The aim of this research is to investigate the relationship between

changes of microbial communities and system configurations and operation from full
scale biological wastewater treatment plant targeting on only aerated system. The

treatment plants will be selected according to different types of wastewater



characteristics, plant layout, reactor configurations and operation conditions. Moreover,
the fingerprinting technique, so called PCR-DGGE, will be applied on engineering
practices to study the microbial population. This work is hopefully benefited for plant
designers for further development and improvement of biological treatment system to be

more effective, stable and sustain.

Keywords : Microbial community, Biological wastewater treatment Plant,

PCR-DGGE, Microbial diversity
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1. WILHe (Wastewater, Sewage)
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A13197 1 qmauﬂ'ﬁm 291 Lﬁ&l"qu"ﬁ%"ﬁﬁ LL%ﬂ@]’]&Jﬂ’]izUii‘qﬂ LLﬂzﬂGf’Tﬂ5$ﬂ 2y

Contaminants Unit Weak Medium Strong

TDS mg/l 250 500 850

BOD mg/l 110 220 400

COD mg/l 250 500 1000

Organic P mg/1 1 3 5

Sulfates mg/l 20 30 50

Total Coliform No/100 ml 10°-10 10’-10° 107-10°

N : Metcalf & Eddy, 2003
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PsudomonasFlavobacteriumAchromobacter MicrococcusiLae nitrifying bacteria Lﬁuﬂéju
W8N NitrospiraNitrosomonasNitrobacterilae Bacillus #aNIN vdﬁmjwma\‘l Eukaryotes f
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(2001)) T3 619 131394N3N filamentous bacteria LI ThiothrixNocardialduwas Afaaus el
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Pseudomonas mﬂﬁﬁm 19450 % ia\‘iadmL‘fluFIavobacteriumCytophaga (13.5%) uwae
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qﬂnszﬁﬁ‘lﬁumﬁmmzﬁqmmmfﬂ

1) anafiudiagnatin 1w 1000 va.

2) thuszpiliilounsesd

3) NIAENIDI GF/C LFWAUAUINAN 4.7 T4,

4) 1ndu

5) Tiauiaawa 10,5, 1 wa. uszgnensia

6) ®aaa COD 2u1a 20 x 150 UN.WIaum

7) 29U3udINNaITUI6 25 uas 50 Wa.

8) dninasuuia 50, 100 Wa.

9) 279 BOD 2u1a 100-300 HaAAAT WazanUm

10) TIALIRANAR

11) 1103UTUW 2U1A 250 HaAAAT Uaz 500 JadaaT

12) Dasaduua 50 Jafaas

13) NT2UANAY TUIA 100 Laz 1,00 WA.

14) AROARLATTT

15) 99diaEng
16) nedlanuian

17) 1aadmivladiadnsiadimiganiuuas 2ua 20 Jaddas
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m‘%ﬁaaﬁaﬁ‘lf‘lumﬁLﬂi']:ﬁ@mmwﬁl
1) Img@mm%”u
2) m‘%aaﬁum%m (Hettichzentrifugenjsu Universal 320R)
3) Lﬂéaaﬂsaaq@zywmﬂ wiaunTy ke uazIanIad
4) aIugNamnnil 550 asaiaaLfus (CARBOLITE)
5) 1A38999 4 U (SWISS QUALITY 33 Precisa 62A)
6) goualuQuamnnil 103 — 105 aaeiaFus (BINDER)
7) giuu (incubator) muquqm%gﬁﬁ' 20 +1 adenTaLSea (BINDER)
8) pH meter (OAKTON)
9) CERRIEIT ok (BUSHI)
10 103a9rdalansa (BUSHI)
11) LASEINAWENT (BUSHI 3% K350)

12) 1A3BIAAINIQANAULES (HACH)
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A1LANN LT LIBNI1TILATIZHNIAIULAR

1) @ﬂﬁLﬂiﬁwﬂumeé’lL%gﬂ NitraVer ®5 Cadmium Reduction Method HR
(0.3 — 30.0 mg/L NO'5-N) (§#a HACH/ODYSSEY)

2) qﬂaLﬂi’lzﬁwaameﬁ’lL%ﬂgﬂ PhosVer 3Asscorbic acid Method(0.02 — 2.5 mg/L
Po”,) (H%a HACH/ODYSSEY)

3) Mercuric sulfate

4) H,SO,

5) 1,10-phenanthroline monohydrate
6) FeS0,.7H,0

7) K,Cr,0,

8) AgySO,

9) Fe(NH,),(S0,),.6H,0

10) NaOH

11) Na,B,0;

12) H,BO,

13) HCI

14) AnasN s Aududianas

15) R15AZAULNNALIADUALALADS

16) aInABNABUY
17) Kjeldahl Tablets Catalyst : MERCK (96.5 % Na,SOy, 1.5 % CuSQOy,, 2.0 % Se)

18) Ethanol (95%)
19) Bromocresal Green

20) M 3AzA oA NAITUBLUA
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v

iAA PCR-DGGE

4)

5)

6)

7)

8)

9)

lulasthde vura 1-10 lulasaas (Thermo)
lulasthde awra 10-100%ulasa0T (Discovery)
lalasthda aura 100-1000tula380T (Socorex)
Pipette Tips 211@ 10, 100 , 1000 lulasdas
Pipette Tips 2141@ 10 4A.

Pipette Tipst/aiudauamia 10-100 tulasans
lulasfingd aua 1.5 wa.

ATa13hg wa 150 lulasdas

fntnas au1a 50 , 500 WAz 1000 UA.

10) 3@ Duran 2#1@ 500 ez 1000 yA.

11) N3eUBNAIN IW1A500 ez 1000 UA.

12) ToUANRTT

13) Han6a

14) NROINLAIDE19ALIWLD

15) N&aadlNy PCR product

16) nadlasns

>

17) pallanuian
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m‘%'aaﬁaﬁ‘l%‘lumﬁLm’\zﬁmwwmnwmﬂmaaqaw’n’%ﬁ
1) m‘%aaﬁum%m (Hettichzentrifugenjsu Universal 320R)
2) Lﬂéadwa&lmi (Scietific Industries/vortex Genie-2)
3) LASasAnaznauEIIWIALEN (IKA/ IKAMS 1 minishaker)
4) g’fﬂaam%a (AsteeMicroflow)
5) maioftanudn (HIRAYAMA/HICLAVE HVE-50)
6) LA3DTNAMULEW 4 (SHAP) Uuaz -20 asrLmaLfos (SANYO)
7) 038979 4 Funid (SWISS QUALITY/ Precisa 62A)
8) Lﬂéadﬁ%aﬁ(Mastercycler personal)
9) TALATIZWD-Code (Bio-Rad)
10) §auau3an (BINDER)
11) w3aslafiiaiaes (CREST ULTRASONICS)
12) lulasiaw (SHAP)
13) i3asdanzraawanslaaunlnila electrophoresis
14) Lﬂ%‘ad ultraviolet (UV) light transilluminator W%E]&I"lqimhim’lw (Bio Rad)

15) 8vsheuguamng)il (Memmertiu WNB 2221)
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A1LARN AV UNIINATIZHANAAINAA ﬂmaaqawﬂ%ﬁ

@@ﬁﬁ'@]alﬁma NuecleoSpin ®Soil Genomic DNA Purification from Soil
Ethanol 70 %
Quick tag (HS DyeMix)

& ]

)
)
)
4) 11 HPLC TR R
) lwsiwas F341 uay R534
) 1X running buffer (1X TAE buffer)
) 6X loading dye (Research organic)
8) Nucleic Acid Gel Stain (Gel star)
9) aLSuLam@]ig’m size marker 100 bp DNA ladder
10) Urea (CODEX)
11) 50X TAE buffer (Bio Rad)
12) Formamide (UNILAB)
13) 40% Acrylamide (Bio Rad)
14) HPLC water
15) 1X TAE buffer
16) Ammonium persulfate,APS (Biochemical/Vivantis)
17) N, N, N’, N’-tetramethyl ethylene diamine / TEMED (Applichem)
18) Ethidium bromide (Bio Basic)
19) mmnﬁmﬁaéﬂﬁagﬂ MRS
20) Agar
21) dinde 85 %
22) 3% hydrogenperoxide
23) emulsion oll
24) fdauunIuLLANSY (Crystal violet , iodine , acetone alcohol , safanin)
25) ﬁ]ﬁuaﬁﬁ’]‘iLgﬁldL%a
26) NaaNa8s
27) lwlasthia awa 1000 lulasaas
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ADWLL
lumahaugidpaziiudagaiifous: sludge nszuuLingaIsann
A dl = a a o £ (% a 6 a 6 A
LA WLNBANENYTEENTAINNITLINUANI8NITILATIZENIT NG DINIILANLRZNI AN
a A {d‘ a dl 1 1 &

maamummvﬁmrmmmlaaﬂi:*’mmﬁ;aummm@msmawLLﬂmluLma:‘mm@ma 9

& @ ' S a ° 3 . A A A A A o
WINUAI8E19UNLREULA sludge 1% 2 1 (Replicate) mmmauamamimaqaw%
slumﬁLmﬂ:ﬁmm%mﬂ%mmlaaﬂirmﬂiﬁ;ﬁuﬂ%ﬁﬁnmm‘i%’ﬂ%uﬁﬁa Polymerase
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[ v 1
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ﬂszmmqauw%a

AN 11 evzuutindeiintgevaslssuta WWTP 4

2NN 12 ThiasRsuuu@yanauad lsinuaWwTP 4
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1.5 szuuiinawtdavaslssiiniia WWTP 5
szuythdaduien 5 (WWTP 5) % uszuutdauuuldanniauwuy SBR
~ Aa ° < = L& ' a & a a
(MW 14) NRTEUMIFNNU 4 Talad/cycle Toazuuadusradnsinfonazidnainia 1.2
U9 TANAZNAY 1.1 TN LAZTIITUNLUING 1.7 T2 139 i:ungﬂmuqulﬁﬁ
U3 MLSS agflugag 2500 — 3500 mg/l waz MLVSS 1500 -2000 mg/l lanazaiuqal
a&wﬂmzumnﬂmsguﬁd vJuaan 30 minfeycle lumsidnainaazldiasasduennia 3
o Aa & [V o o ¢ A
Wlwia 15 kW uasuguaans 3 6221 1.1 kW uaz 5 kW 3zuuazsadsuiuas
A I :/ =) all a a a Qs 1 = v Aa wa
qw%umuﬂummmm@mﬁnﬂﬂﬁmsmluummmas EUBIA1IL TN Wa sl Juanis
RAWNWNANTN LLa:ﬂ’mﬁ'ﬂqﬂmm TapsinFuaridsunomunlugi9981 9.00-10.00 .
' A ¥ o a 3

WAz 20.00 -23.00 %. MwritamansinfenseuuasdUSuIm 1,200 —1,500 m /d Lazas
=l a v [ Al & a a 3
JUSutasaslutietamandsaz JUSuos 500 — 800 m'/d

o Q { =y J o L= | { =3 :/ {

smiudymnifedusaslsaintga WWTP 5 azifluluizasasdTunmsing
a@aaluma%mauﬁﬂﬁﬂ%mmmi:mmﬂmaami’éuw’%ﬁa@m USV w0 9T UaDE

g; w dl a &‘ Qo v 1 & tﬂl
AARI uaﬂmﬂuumuﬁtymﬂm@mumﬂmsq@mulmaumu,a:ﬂuLuaommﬂmwm

1nalngingaunlidurieilidasngaduszuudiai uaziitas9nszuy SBR inns

AL 832U L NAAITI U993z 0 D Ll i wiba s nnyzua Wi aag

53



® o 1
il]ﬂlﬂ‘ll(ﬂ']aﬂ'l\‘]

a 3
ﬂizmnsqa%w%ﬂ

AN 13 fevzuuiintdasiRevaslstinta WWTP 5

NN 14 EﬂLLumzuuﬂ’lﬁ'@ﬁﬁLﬁwaﬂsﬁwﬂ’@ WWTP 5

54



1.6 szuviiakLdsvaslsetingda WWTP 6
sruuthiasdeaadlssnun 6 (WWTP 6) lanaaaiiall 2555 uazisu

Tsruiiatl 2556 lagaztduwszsuunaa@IaLAARAAALLUY conventionalAS  N3UYNLEY

v
a A

gurwiiduwihfisninanianisudni grasyaaansuazindnsvasuniinasy lapazd
NIFIUVBINNINIINTIUANUAZREND 8197130381 RBIUJUANNT §1nIuuasan1T%
' = s & o A .
dagrnldislaneis lsemiauazaaa lasinmuazgndndsdlasszuuvia
e A o & [ 3 A o 3 A
staRnBiszuvzaNnIniuhld 8500 m /dlasazlidnmnislnagega 1000 m/dien
COD uaz BOD dszanm 250 ez 180 mg/l @Na1ay ﬁﬁﬁnﬂﬂaﬁm:gﬂﬁnﬁmmﬁlﬂ
g9UaanNNINY Ualfue nd vaanaznaw LazlasinTaaiunaait newszdaavaang
1 :/ o { & 1 a 1 e { a 1
wnssa I (Ganwd 15 )aslutaidvemeaudazisaziiiniendueimanuuiu
U0 25 U3 w2 70 lasazlizoznaNigeagluzuuwiu 6-8 Talas lasaz
=3 £ 1 a A 6 1 Aa % A
\AuaIaN9IRUNIgNNLBLANaMAAININA 16
Tymlunangaduszuuvatlsnhdan 6 luusaisazliaingiiaan
maiRudTinanszuTnasBunidadiinziuiu nsliaseiinniesd judne

dudanluingsludsumun ﬂ’]i%iql@]‘ﬁﬂlll,l,"mﬁzﬂllLaﬂ\la’mﬂﬂ ﬂ?i@a@]g{%‘ﬂ 2932V

LHANANLABVLY LAWY LA LA WATUAIN
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Uszmnsganwnid

AN 15 fevzuutintdasiRevasltinte WWTP 6

AN 1Ggﬂmezuuﬂﬁﬁ‘@ﬁﬂLﬁﬂ*’uaﬂsaﬂﬂﬁ'@WWTP 6
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2. WSguiguanBMeaNT AYIUININIBATNLAENISIARDBI S9N AR L RENG
6 LY

2.1 ANBUANUAVDIRINIINIYATNNLAZNIILANDDI WWTP 1

NANAITNN 4 LRAIA AW IV T99UN 1 alianunannalsreiagau
dl U 1 a v [ = =Y L= a v 1 [~ Q a
mmg‘[nmu I@m:umﬂw@m’mmm@q@umﬂLL@W:MW’JIW@aamﬂu’mq@maa
HaNMNHULLA BN UUALLADWNY BANANITANINAANZE9T e i lAUTun i

2
%

{ v 1 o = J 1 o Qs =) v ™ J s Qs 1 =) o {
L%ﬂﬁm’mamu@uana’mawua%1 ummmiwamm'smmuagﬂuammumaaﬂsmmmﬁ

TH A RUIBNITHNRA FINA LAUSUI BRI LA ULT N T WY aIRITEUNI I NIz U
v o a J Y 2 ' A Ad o o a o ' o
Taim U uullainaaaiian wananhinnlwraaunIiaIn1INEa e sazH WA
S2UU Anaerobic filter AawNazL19152UU SBR LLazaaﬂ"Lﬂgjizuuﬂa LL@ilumaﬁﬁmmﬁ@gd
& o o ' a ' = ' = ' o
WiFgzgniwdsesTuufaTuualduamadunilinazandiunilsazduidnzuy
Anaerobic filter flawNazLa152UY SBR I@Uﬁﬁ’]ﬁdaadmm:g}ﬂé%ﬁmaaﬂ"l,ﬂgji:uuﬂa
& a o J =S 1 & %] > g: Qs 1 a r
TN RATAN B UANIT I UEIUVDIT: UL SBR LIWARN AItnaaa1uuaIUITummin
a a a = ] cll =1 ] a a A 6 dl J
uwazaiaraianauInhnalinadesTunanszusmnanduniduazmsonmniuilen
¥ a A \ \ , . a a o o o A
slumLaﬂmmmwzmNa@am‘nﬂawuﬂawaaﬂs:mmﬁ;aumﬂmzuummmLsm
:’ a d' (% I~ 3; A % 6’ R A [
WNFUDILTINUN 1 "L@Qﬂmumu,@mauqumwuﬁmmauﬁmmw Tag
¥ e o = a & o A A ¥ a o kg
Qmmwmvl,@g]ﬂmmmmwwsmL@]as@m 9 GIUEAd AN 4TeiuFetlsenuiiaz
ﬂs:ﬂau"l,ﬂﬁ’mi‘mqawé'ﬂﬁa 2 TWArI% daui’mqamaﬂﬁm dlwadat waz Nz

Tunangma Wisidhszuy SBR andluifufiduszuy Anaerobic filter iMusITIzdl

UInuawadas 700 + 56.1 mg/l Ium\u@auwmwuazw HNIe &l’%mﬂ%‘ﬁ’ldﬁi‘idﬁ’]ﬂ@(ﬁad
g
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%ums:msnnmi'fi‘mﬂ‘%ﬁmﬂﬁq@hmo‘,ﬁyﬁ%ﬁmﬁi:uuﬁ@h COD 1991 + 748 mg/l &
A1 TKN 31.5+27.9 mg/l waulutiiy 172 25.3 mg/l uaz WemWa 27.7+18.7 &iuiiean
s2uUfiAaRoues COD WAL 4986 + 3944 mgl [en TKN 13.7 +13.4 mg/l

wanluiiie 4.7+6.0mg/ uaz Wasine 21.3 £20.7 mg/l

2
wa

A A A 0o A A '
WeRsanMIasuulaiasgmant@iugs (mwi 17) wud Tay

a a { 3 [) L= 1 g/
ﬂﬂmmﬂsamuﬁn’mmsnﬂmaamiau‘n’%ﬁmﬁﬂ 2.8 kg COD / m ##SUAICOD 28441
r=| 1 =1 s g; = g o e a =1
LS lITUUWUIN9 1Tl TR A8 0 NIt AN a3 N8I N1 TNEA VI 13997 Laaazdl
' A A < ' P a a & o o '
Argegaluifaunguniandadugisnlanwiansnianidlne 91ilnadeuuas

' A A s L A A ¥ Aa o . @ a A g
vzl aslwdeutazwuhiivTunasiudodhssuugatuiu USunm coD  galuidiauit

1 1 6 £2 1 o 1 é a a = a ni
mm’]mazmmnaaﬂﬂizﬂaumaamﬂwm’sunummamumiaumzﬂuﬂsmmwgﬂwzl
Un@dilwadawaziiinaalszanms 8-12% li36u 3-26 % wils 1.1-2.7% mja;ﬂaa 0.9-
1.9% WazIaNNuNAoUIdUY (Lee and Mccoon, 1981) WUVMNHIWG Huana uazAm:
(2544) Vl,ﬁ?inmadﬁﬂi:ﬂaumd%aLﬂﬁLLa:mﬂﬁﬂﬁummaaﬁuﬁ:mm\ﬂuﬂi:mﬂﬁﬁ
s ] 1 a a g; 1 (c; a [
ﬂnﬂmwluqmmﬁmmmmﬂsgﬂ wmwzmwﬂsmmﬂmmmmaglummsﬂmumia51
82 0.11-0.28 pH 4.37-5.42 wnszNzs9RNLEY iaan bl Ansaninuaiasas 0.31-0.68
et 1 ] = g/ 1 a &

uaz pH 3.36-4.33 uazdawuhmzaiigniihanaglasannniminlaauaznglas faidu
Yauaz 3.57-14.63, 2.33-7.27 uaz 0.29-2.53 eNUA1GU 7189w lwuzi9nIadiafy 1
WA azldnanu 65 wanad iloewny 1.8 niu gandisiiaa 14 3w wananitdall

156w 05 n3u ludw 02 n3u eslulaasa 157 nsu waaWass 2 Hadnsu LAz

24A152n auﬁmﬁuua:mﬁaui‘é"uq (http://www.thaipost.net/x-cite/050213/69088)
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1 a a 1 & { 1 : o et
Tudulsnmauinsssuazasdunidsunisnaglwihiiozgnida
aanldranualurzuuntasmoazunIsnazanluszuy Anaerobic filtter ueiagng lsnaNNA
o = e Av . A - A ¥ . .. -
HINUAN TN TN LaiasNvaslIanm ssflaananainiinaanaintia Anaerobic filter
& & ' A a A 6 = = A AA o '
andunsludinensorduniduszausinaossmaiin Saznauneanunazlid du

2

AZNORFRAD WDIANAZNAWITHRUIANADIFUNAN AT URINITOANAZN D LA AL LA D
A g a A o a Ao A A = ' ~
wornaNaznanazilfuwmdudinaafduanuaziaznanididats sadusirenszuy
ﬁaa%’umi:miﬁuﬂ%ﬁgoLﬁaama’mé'mwmma@ga
A a a A ' a
WaNN TN TR U UL RIVDIFITONIT(AINN 18) WuINUTNND
130 mINd ilastanuazwaawass In1sudsiuaaa anstitunulasaznuan lwlasian
P A o AY A A |- P o '
mﬂq@lumauﬂumymm:@;mﬂu ANINULFL U Db I L@ T AU AL TR AR T2 N1N
6 U =1 1 v =1 a v
a9 vznauvastna Inaiaswinwanaindi lnaniwaziusuinmasiulainsasosas
108 uazdSunmululasiaugegaviniuiasas 9.9 ( Southgate et al,2006)FuLTu04
o A A A = ' A a a \ \ \
WaaWasm:umg\aqmlumau w1y Tadussninsndaludinvasniionztigann
USunwaawaTanazaulunanziisludnsduisaaintsunmwaanasauinaz u1anuziig

1 é nql’ A 1 é U d%’ ai U = a wa
TuaIunitg uaﬂmﬂuﬂimmwamemu%ma:mmﬂmimawuisamu'ﬂ@awmsﬂguw

1agATINaINHIANURZANG
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A1319N4 aﬂé’nwmzauﬁ'ﬁm 29t MINMemnLaznaa el 59 daWwwTP 1

_ v SS COD TKN Ammonia P-PO,
» e - . UIunamsiLge
Ry @qmiumﬂiiadwu 3 (mgfl) (mgfl) (mgfl) (mg/l) (mgl)
(m/d)
In out In out In out In out In out
nuAwus | Pnlwannu, dilnedan 600.0 240.0 | 265.0 | 1940.0 | 1825 | 0.0 | 00 | 43 | 03 | 00 | 0.0
Juay ﬁﬁ’JIW@%’J’]%, T lwadan 760.0 430.0 99.5 1400.0 235.0 17.2 0.0 4.2 0.7 19.4 0.6
LYW ﬁﬁ’JIW@%’J’]%, °1T’1’JIW@]E]'E]%, 740.0 180.0 | 180.0 980.0 125.0 35.0 2.8 0.0 0.0 0.8 20.5
2N
wamaay | 11lwaniu, 91alnasan, 800.0 2215 | 132.0 | 37795 | 12285 | 231 | 168 | 98 | 7.7 | 525 | 8.0
\EZUeN
Jouwiew | . ,
: T lwanu, Tlnadan
725.0 229.5 | 286.5 | 2434.0 1164.5 7.7 4.2 0.0 2.8 19.06p 18.0




R v SS COD TKN Ammonia P-PO,
y e - . UIunamsinge
A8 mq@umﬂiamu ') (mg/l) (mg/1) (mg/l) (mg/1) (mg/1)
m

In out In out In out In out In out
ningnan | Tlwaninn, Tlnasan 715.0 502.5 | 262.5 | 2374.0 | 5760 | 189 | 42 | 181 | 14 | 27.3 | 257
GRVEY fﬁ’ﬂW@]%’J’]%, T lwadan 695.0 205.0 66.7 2145.0 669.6 245 21.0 | 0.0 12.6 | 48.8 9.9
AW iﬂ’)IW@WN%, T Inadan 665.0 700.0 27.0 1814.8 321.0 103.7 | 16.1 | 58.1 0.0 26.5 44.8
UEEREY °1T’]’JIW@1‘H’J’TLL, T lwadan 655.0 300.0 | 173.7 1827.3 578.8 371 21.0 | 74.2 0.0 19.3 52.8
woeamMew | 91lwenny, dilnasan 665.0 2850 | 50.0 | 12152 | 303.8 | 266 | 44.8 | 140 | 98 | 525 | 0.0
FUIAY °lT’]’JIW(§]1&’J’1%, T lnagan 670.0 320.0 70.0 2000.0 100.0 53.2 19.6 4.2 16.8 | 39.0 53.8
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4000.0
3500.0
3000.0
2500.0
2000.0
1500.0
1000.0
500.0
0.0

U U
ANLYNDH (mg/l)

e=@==SS (mg/l) In

== SS (mg/l) out

@l COD (mg/l) In

=3é=COD (mg/l) out

AMNN17 MadfswudadvestIunas COD uaz SS Mninduazaananidiuazasn

P95z uUTNTAWWTP 1

120.0 -
100.0

80.0 == TKN (mg/l) In

60.0 == TKN (mg/l) out

U v
AMNLTNDW (mgll)

40.0 e=fe=Ammonia (mg/l) In

20.0 e=é== Ammonia (mg/l) out

0.0 == P-PO4 (mg/l) In

A =2 = = = = =2 = = 2 =2

353 e R e | [cs [cs = [ 2 [cs

E S 5 £ f & £ § e £ &

E & £ 3 & & 5 % e e = == P-PO4 (mg/l) out
=2 - [~3 (=4 ’{c" ({4 I g da

= =z g

-~
LA

AN 18 nTtdasuuiasvaslSunnslulasiantazwaswassanindiuazaanuas

F2UUTNUAWWTP 1
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2.2 ANBUANUAVDIRINIINIYATNLAZNIILANDDI WWTP 2

NAINAIINN 5 LRAILALAWINT9910N 2 a:ﬁmm%mﬂ%mﬂmaﬁ@qau
ﬁLiTﬁ;inadwuﬁauﬁwguﬁmﬁﬂuﬁ'ﬂia WWTP 1 lagnsignisnaanazdsznavldéas

[ A o W‘ﬂl

A INAR I WL BAITHNRARANLAZAL HUINIANLAUD Huiliagay WINLANAIINUATN

o Y A : { v ] o L d J [ o g a v %] J -
09N8 m’lmﬂsmmu%%aﬁmuammuaﬂmm:muag uiaIMIHAaLA S Iua Ny
AFIWYIUTUN NN TINLARERUIINITNES FINAIAUSH IR LAZANULTUT 1

a Aea o o o =i
YDIFNTIUNITNTNTUUTANN U Rl aiaaaatIan

f1ryuls9tiiie 7 2 v ReAMNS UL AT NNIELIRIIINES
U & [ Qs a > s o a & :j a AQ/ dl & a 3’ =
mna‘[wmmmmuﬂmmqwmn lagazi andusaailn dhwin uaz AUl Satunoinge
{ o ' { ' { { 3 o
AT 539 UNUANTNTU R unLUadaaaaaLasdalafan 7082 137.03m° laglaain

S A = A & = A A A
mi"l,mmaaml,aygoq@lumau nINGIAY LLaxluL@aum:Lﬂumaummi:mmﬂ
’ a6 a e A oA a £ A + a4 ¥ a o

sIBuNIdgIngaLTunudIna i ldwuinainmIninaninszias TasiafusinLFed
J2UUNAN COD 24086 + 15585 mg/l #fi1 TKN 73.7¢108.6 mg/l uwanluiiie
7.31£9.12mg/l uaz WasWe 29.5 +15.1 s&wieanszuulaLafgwed COD Lvinnu
563.2 + 308.6 mg/l @1 TKN 11.7 + 8.78 mg/l wanluwily 3.929.35 mg/l uas WamiWa

10.2 £4.9 mg/|

TMMAINN 19 WU COD ﬁmimﬁuuuﬂamaa@ﬁhm@ﬂﬁﬁmgaEg(ﬂ

v
a

A 4 A A A a Aa ' 2 A Y
luidaungunian Taduideniilssnuinsniaduiisnonuinluiud 100g =14
Wad9u 66kCaliinslulaiasa 16.53g sihana 15.23 g tdule 1.3 g ludu 0.4 g lusdu

0.83 g UAZIANAB Y (FIUNNUNBINUERLFUUNTEIIETUFVNIN (FFE.))TINTIL%
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{ Y o 1 : { a &
289  Southgate WAaTADLT (2006) N baKtanaIaudIdYSu a3 Iulaasadailu
sIdunidgeiefenas 1653 luwsmendnlnannuidiinmaslulaniafosfasa:
10.8 ( Southgate et al.,2006)A 9% URLULURIVEIAT COD BENIALUNAUTIUNIZNN
NS Iwana auan T luauInn1Inge
nTumaUasuutasvadlulasiantazwaanasa (NWA 20) WL
A A ' o A [ A Y a o A |1a
lLigmafouudasnnnidn sniduludeniueiou gaan duFsdszuuldnnm
=) { 1 1 d 1 ? { 1 =) :/ )
Vl,uimmusluﬂsmmﬁgo ANATIRIWATIUIDZNINUINHIBATELIBNITNRAUINI LA
o A ' A o ' A A a ' o & A S a
d1lwe WasnluhufeudnanivTnmminiadendigs uananiiiiesanningy

FUsun s lulastanliiNgawani1alssanudsinmans lulasauas bl lwindnszuudoiina

Usuanzlw mm:awﬁ'uqﬁuﬂ%ﬂmzuu
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A199N 5 AN FNTAVDIINNIINEAWLAENLA T8 ]59TNTAWWTP 2

R v SS COD TKN Ammonia P-PO,
y e . IRHVRlI I
LA @q@mmﬂiamu 3 (mgll) (mgfl) (mgfl) (mgl) (mgl)
(m/d)
In Out In Out In Out In Out In Out
UININ
NUMHUT T lwanim 705 404.7 | 7200 | 19200 | 380.0 | 9.1 14 (170 | 03 | 210 | 741
UIN3IN
Juau T INaR U 647 810.0 505.0 1460.0 510.0 6.0 4.9 0.0 0.0 | 22.7 6.7
UININ
LN T INaR U 497 1120.0 250.0 850.0 200.0 21.0 154 0.0 9.8 33.3 16.8
UININ
WO AAN . o 4 905 105.0 450 | 66953 | 12284 | 7.0 147 | 42 | 21 | 38.0 | 16.3
T IWARNUAUI
_ UININ
fouwen . o 785 1317 | 2033 | 26226 | 8919 | 938 63 | 00 | 09 | 168 | 7.0
\ T IWARINUAUD
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R v SS COD TKN Ammonia P-PO,
y e - . UIunawsinige
X0} AnAULTN1599% ') (mgll) (mgll) (mgfl) (mgll) (mgl)
! m /d
In Out In Out In Out In Out In Out
PININ
nINGIAN . > 4 724.6 2550 | 266.7 | 17137 | 5712 | 224 | 91 | 119 | 0.0 | 57.0 | 149
T INARITWEUD
PININ
RIRAN °fl"1’JIW@Wi’J’m 647 1 213.3 40.0 3212.6 755.9 16.8 9.8 56 0.0 21.0 45
#ININ
N8I °fl"1’JIW@Wi’J’m 497 2 47225 1176.7 1438.2 161.0 245.8 19.6 56 0.0 22.5 58
PININ
@;mm °1T’TJIW@WN% 905.4 1105.0 280.0 2207.7 584.5 3194 294 6.7 0.0 325 14.3
_ UININ
WOAINLU 3 784.8 950.0 30.0 19747 | 3797 | 1093 | 0.0 | 294 | 30.8 | 53.0 | 55
212 TWARI
PININ
FUWNAN °1T’]’JIW@WJ’]% 673.2 6780.0 40.0 2400.0 533.0 44 8 18.2 0.0 0.0 7.8 14.0
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8000.0 -

7000.0 -
S 6000.0 -
£ 5000.0
: .
a; 4000.0 - e=@=SS (mg/l) In
S 30000 -
E == SS (mg/l) out
S 20000 -
(e P 1 D 1)1
1000.0 - < u COD (mgf) In
0.0 - == COD (mg/l) out
&
S « »é\‘}@ @Q@ & a§@> & & &
SRS o S S S
N @ °\\(§> AR * < Q&\ ®

AN 19 Madaswudadsvastinnm COD uaz SS Mnidnuazaananidnuazaan

P332 UUTNUAWWTP 2

350.0 -
300.0 -
= 250.0 -
<
téo 200.0 - =@=TKN (mg/l) In
=
’E == TKN (mg/l) out
*F 1500 - (ma")
32
é === Ammonia (mg/l) In
100.0 -
==é= Ammonia (mg/l) out
50.0 -
i P-PO4 (mg/l) In
0.0 -
¢ —@—P-PO4 (mg/l) out
& Q,g@"é oé\eo* g\,\«\"é Q,g@"*“ &3@"9 ¢“§ %,\@‘ é\@\"é Q,\eo* & (ma/)
Q) 2 7
&\?‘;\ > ) Q‘\& RN ‘\'\;}K\ > °’<\°Q° [N R &@ %"Q“
LA

AN 20 MalasunitasuastSanmlulasantazWasWaszanidLazaanuad

J2uutiNUaWWTP 2
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2.3 NHLANT AYDIBININNYNINBALNIILANVDI WWTP 3

o Y o o A & ¥ a 4d o o @ &~ a

aﬁ%SUISGUWU@ 7N 3 BWILFINLTIZUUTIN U8 0a NIy (Ii\‘]\‘nu"ﬂzuﬂqi
a & LA v ¢ 2 A o a o g
Na@]@]ﬂLL@]L@auquwuﬁ’ﬂuﬂﬂL@auﬂuﬂqUu)'ﬂzuqﬁnﬂﬂizuquﬂ"ﬁwﬂ@"ﬂ’]’lIW@%?qusﬁﬂLlhfl:

Qs g = a ¥

@qaummwmaﬂ’mﬁm smL’j”uiuL?lauqun’lﬁuﬁ(ﬁ*T@n@uLmiiommuﬂuﬁ’s LI HA

9

P v & A a ) a Ao P a
IMNHNI1INNN 6 LLE(T@GI%L%WJ’]I%‘N’]%W 3 'ﬂzuﬂqqu‘ﬁﬂ’]ﬂﬁaqﬂmaﬁ')@]q@]ﬂﬂuﬂﬂ‘ﬂq@l,wﬂ

s %

a [ A a g’ a A o 1 o @ K &/ 1 o a < ' 1
L‘YlsliJﬂ‘]JIi\‘i\‘J’luEJuﬂﬂiwﬁmu’lL?(EW]L?J’]‘IJE]U’]U@]%”H%E]Q unn \‘]ﬂ’]jwa@]l’ﬂ%a?ulﬂm

S Aa a v oAy Y a o A o a @ o
uﬂﬂﬁnﬂuqﬂuﬁnﬂﬂqswa@ua?ﬂﬂuﬁ?umaﬁu’]aqﬁLﬂiaﬁﬁ]ﬂiﬂ'ﬂzgﬂaqLﬂﬂquFJ\??ZUU‘UTU@

@28 FINALAUSUI LR LR AN NT U AIRITBUNTI NI T2 LT A NI TLU R B0 R
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Juau 937.0 371 INARI 116.5 2958 | 57.5475.0 650 | 55 | 0.0 4.2 0.0 13.5 13.7
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RUSIRIIN 856.5 71 INARI 115 362.5|10.0 | 375.0 | 27.5| 322 | 0.0 7.0 0.0 53.5 39.4
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o SS COD TKN Ammonia P-PO,
) e . YInmige
LAa mq@mmimm% ) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
In Out In Out In Out In Out In Out
NNNIAABILAN LIAG
Qumﬁuf LN eDd hay 600.00 277.5 97.5 2301.0 560.1 0.0 0.0 277.5 2.6 71 16.6
T lnadan
NNNAABILAN
Juaw T Inasan 760.00 261.7 201.0 1413.7 388.9 56.5 3.7 261.7 0.0 23.0 1.7
waztinan e
HNNANBILAN LAY
LN STnasan 740.00 106.7 130.0 1250.0 350.0 18.2 9.8 106.7 4.2 15.9 0.9
HNNAABILAL
WNHBNNAY T INARIH WA 800.00 200.0 266.7 3968.5 661.4 0.0 4.2 200.0 0.0 26.0 55
aua
NNNAABILAL
ﬁqmw T INARIH WA 725.00 168.3 197.0 1996.0 1186.7 67.2 1.2 168.3 5.6 32.3 4.6
T lnadan
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! m /d
In Out In Out In Out In Out In Out
NNNAABILAL
TINARINU BAE
nInJjIay o o 715.00 90.0 152.0 2443.5 713.3 53.9 14.7 90.0 3.5 19.8 154
HNNALTEIAa 4
WIen
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RIN1QU s - 695.00 137.7 255.0 3173.2 503.0 60.9 0.0 137.7 0.0 15.5 4.0
AU @b B9
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NUY1YY 665.00 162.5 41.7 3863.6 850.8 119.1 0.0 162.5 25.2 25.8 4.4
B
HNNNAARITN Ina
RRIRY 655.00 328.3 216.7 1311.0 286.6 383.1 504 328.3 34.3 75.3 8.3
! AW
Wf]ﬂ%ﬂ’]ﬂu ﬁﬂﬂ?@@ﬂdﬁ;’uﬁz 665.00 15.0 40.0 1215.2 303.8 504 0.0 15.0 0.0 22.0 7.5
_ HNNNAA8I%N7 Ina
TN 670.00 736.7 146.7 533.3 133.3 2031 11.2 736.7 5.6 30.0 43.0
B
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A13197 8 ANWIUAUTAVBIIINIINIBANLAZNLARVaI LU UaWWTP 5

R v SS COD TKN Ammonia P-PO,
» UIunamsige
Ry 3 (mgll) (mgll) (mgll) (mg/l) (mg/l)
(m/d)

In Out In Out In Out In Out In Out
qumﬁuﬁf 1038.29 75.0 18.0 191.5 95.8 13.9 0.0 12.0 0.0 1.7 0.9
Juau 980.31 60.0 15.0 165.5 20.3 13.1 0.0 11.2 0.0 1.2 1.2
I 1009.32 35.0 4.0 165.9 165.9 15.4 0.0 14.0 0.0 7.2 7.2
WE HNIAY 1105.35 128.5 14.5 155.5 77.8 11.9 0.0 9.1 0.0 10.0 5.0
ﬁqmﬂu 1117.57 53.0 9.3 161.4 80.7 252 0.0 24.5 0.0 13.0 6.5
nInjieay 1139.775 115.3 16.8 172.5 86.3 30.1 0.0 28.0 0.0 46.8 234
FINAN 1146.62 65.2 16.0 167.0 83.5 224 0.0 18.9 0.0 65.5 32.8
W8I 996.34 73.2 15.1 172.5 86.3 78.4 0.0 88.9 0.0 9.0 4.5
UEEREY 926.305 96.0 14.5 150.5 75.3 134.5 0.0 113.5 0.0 69.3 34.6
wmﬁmﬁu 974.16 35.0 5.0 163.7 163.7 294 0.0 11.2 0.0 8.5 8.5
DUINAN 950.5 50.0 10.0 150.0 252 35.4 0.0 12.6 0.0 10.0 10.0
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2.6 ANBUANUAVDIRINIINYATNLAZNIILANVDI WWTP 6

A o o A & S A 2 A

welulssthiian 6 adwhiFogurudinnnfanisuues
yn1dngrasidunanlauninfisannwann snassauiesdjuianiy lsseanis

' = o o o A P v & o o A =
L AEINULS91IaN 5 WaINA1I19N 9 UaadlAAnI1lsetihian 6 azianuulsvas
L :’ =} J 1 A d' a g J U v oA 3’ =
wumaaqmmwmmwuagﬂunaﬂﬁmiﬂuummmamw:aowal%ﬂsmmmmmm:
L% U a =) b’d' U o A d' a :’ = ci
AT YT UABIFNTBWNIT N sruUTad MU snulasnaaalal USuimifuiasg
< \ 3 ~ \ | o o A ' {

TaonaliTen 10854.7 + 678.6 m /dsmﬁmgamﬂiammﬁ 5 99 10 YiNLaId1NaN
mwmmn@hwaaﬁﬂmuﬁnﬁﬂmua:qﬂmﬂmaamuﬂ%mmﬂaﬂ'ﬂﬁu@ﬂ@mﬁ'ﬂm51

ﬂim’msﬁ'a;Jilumammmaa‘[iomﬁ'@ﬁ 6 JUSUMNNINNTN atd lIAaNUSU LY

] ]
=

Tagtadnfisngengaluidion nangnan Seddwrindy 11562 m” /d uazdigaludion
Funan Gefienwinny 9453 m® /d enadfiasanlutiadeusenieuduieiinsGon
mssautazdUSunaidusudn suludeniuineveniugrsminmunieism
mylfinaaas

WdodnsuuTan COD  17462.8+ 43021 mgl D60 TKN
16.742.8 mgl wonluiily 13.962.1 mg/l uaz Wamna 1.16 +0.42 §wineanszuyud
flafuad COD WAy 158.3:92.2 mg/l fieh TKN 8.7+7.2mg/l wanlaily 2.9 +
29mg/l uaz Warlwe 0.71 iO.43mg/I’i]’mﬂ’1W°?i 27wu5um coD lutidndns
Lﬂ‘&"wuﬂamaa@nmagluma 10000-20000mg/|1<ﬂﬂﬁ@hgdlmﬁauﬁqmw (23445

mg/l) LLazgaﬁqﬂluLﬁauﬁa%wawiﬂﬂﬁdWLﬁwﬁu 25297 mg/liigaanaainuTIsraimMala

nsdansuaziasfigalufowasiou lasfidragn 10727 mg/1 SuzaulosnudTunmi
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coD ﬁ]:ﬁ@hﬁgaﬂ’hszuuﬂﬁﬁ'@ﬁ 5
FIMTUUTUIHRITAINTIUATWA 28WUINUSu mman Ny Las
Tulasaulwiiddnmudasuudasiwandsiuannasaansaglugig 10-20 mgi ik
A & ' Ao = a [ a A ° va 1A a
WhadandwranunansuIunaunSawlwmaun 1 MilwidSuiawasi®oannnis
o o =< & o v A S A Ada a £
FUAIYVDINNANBILAZDINTY LIIRUN ARAABUNFENTNTI0MMITLANNINAY
1 =} Ap 1 a ?; =1 o 1 =3 U =1 a
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v A [ a [ Y a o o o A LA ' '
tnsunulSmwaswaTrlwi e Tzuuingen 5 azwuInia1asniiann aaqn
PN YITAINUNTZUIBNNITIANITUININUINARANILDIANTNUANGIINUARD AW
oA o @ a AV A [ ' a o A
NIZUAIBNIT LTI AU T2 31T B LA AN TSI UNITRABN LULRHAWAY LTH LWIRIINLIALN
JuRawaulsaindan 5 2:TN1TSWNNIRAWALNLAITAINLMTLNEAT NITATIANG NIT

dl dl £ e £ et a =3 & U g 1
NARINLA m‘*uaanuslmmimmiﬂiuﬂga@maa'mLﬂuvl,ﬂvl,mwzmimwﬁ@mﬂmm:gﬂm
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A5 WN 9 ANBULRNUAVAIHI NI BATNLRZNSLA NV BITLUUTNUAWWTP 6

R v SS COD TKN Ammonia P-PO,
y U ainLwe
KL} 3 F/IM (mg/1) (mg/1) (mg/l) (mg/l)
(m'/d)

In Out In Out In Out In Out In Out
Quﬂﬂﬁuf 10188.5 0.1 6025.0 53 | 18930.5 | 258.0 | 21.1 11.6 11.9 2.7 1.5 1.3
e 10098.0 0.1 5325.0 6.3 | 147145 | 93.3 16.5 4.8 13.7 1.0 1.7 1.6
LB Y 11010.5 0.1 4802.5 4.2 | 10726.5 | 84.8 20.7 0.6 15.9 0.7 1.2 1.0
WHBHNIAY 11072.5 0.1 5100.0 4.7 | 14358.0 | 292.5| 14.2 0.9 11.8 0.6 1.2 1.0
ﬁquwu 11535.0 0.1 5040.0 3.7 | 234450 | 135.8 | 17.8 7.9 15.3 0.9 0.8 0.6
nInjieay 11561.5 0.1 5962.5 7.8 | 16836.5 | 154.5 | 16.6 18.3 15.4 3.0 0.7 0.5
FINAUN 11535.5 0.1 4862.5 5.5 | 256296.5 | 326.7 | 17.3 24.0 15.6 1.1 0.7 0.8
N 11207.5 0.1 6412.5 3.4 | 19021.5 | 140.7 | 10.9 4.7 9.5 5.1 1.6 0.2
URREY 10885.0 0.1 6515.0 3.5 | 13012.0 | 121.1 16.7 5.9 13.8 1.5 0.5 0.3
WOAINNY U 10855.5 0.1 6147.5 76 | 175345 | 74.0 15.5 6.2 14.1 5.5 1.7 0.5
WA 9452.5 0.1 5980.0 7.2 | 18216.0 | 59.9 17.2 10.8 16.2 10.1 1.3 0.4
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NIWA 30Cluster analysis 184U3zTINTRUNIINNTUGNBIMAVEITTULLTNTAWWTP1
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@13191 10 HAMTAYUAGULURVBILOUALE LN DGGE va43:uutinga WWTP 1 g udayaNCBI BLAST

Sample Identity (%) | Accession Bacteria Source Reference
WWTP1_ 2 341F* | 98 HF586958.1 uncultured bacterium sand column from | Gaza,S., Felgner,A., Otto,J.,
Bacteria; environmental | activated sludge Kushmaro,A., Ben-Dov,E. and
samples. Tiehm,A. Aerobic biodegradation
of monohalogenated benzoic acids
and comparative population
analysis in batch and column
experiments. Unpublished
WWTP1_3 341F 99 KC812484 .1 uncultured bacterium laboratory-scale Bassin,J., Abbas,B.,
Bacteria; environmental | moving bed biofilm | Kleerebezem,R., Muyzer,G.,
samples. reactor Rosado,A., Van Loosdrecht,M. and
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Sample

Identity (%)

Accession

Bacteria

Source

Reference

Dezotti,M. Tracking the dynamics

of heterotrophic and autotrophic

nitrifying bacteria in moving bed

biofilm reactors operated under

different COD/N ratio.

Unpublished.

WWTP1_4_341F

99

KC304528.1

uncultured bacterium

Bacteria; environmental

samples.

wastewater

Lamendella,R., Li,K.C., Oerther,D.

and Santo Domingo,J.W.

Molecular diversity of

bacteroidales in fecal and

environmental samples and Swine-

associated subpopulations. Appl.
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Sample Identity (%) | Accession Bacteria Source Reference
Environ. Microbiol. 79 (3), 816-824
(2013)

WWTP1_5 341F 99 KC304594.1 uncultured bacterium wastewater Lamendella,R., Li,K.C., Oerther,D.
Bacteria; environmental and Santo Domingo,J.W.
samples. Molecular diversity of

bacteroidales in fecal and
environmental samples and Swine-
associated subpopulations. Appl.
Environ. Microbiol. 79 (3), 816-824
(2013)

WWTP1_6_341F 96 HQ890502.1 Bacteria; Proteobacteria; | Coromina lagoon | Lliros,M., Alonso-Saez,L., Gich,F.,
Betaproteobacteria; water column (4.5 | Plasencia,A., Auguet,O.,
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Sample Identity (%) | Accession Bacteria Source Reference
environmental samples. m), Casamayor,E.O. and Borrego,C.M.
temperature  6.99 | Active bacteria and archaea cells
C degrees, | fixing bicarbonate in the dark
conductivity 873 | along the water column of a
microS cm-1, | stratified eutrophic lagoon FEMS
oxygen 0.0 mg I-1, | Microbiol. Ecol. 77 (2), 370-384
H2S 380.7 | (2011)
microM"
WWTP1 7 _341F* | 96 KC588348.1 uncultured Thiotrichales | bioreactor Collado,N., Buttiglieri,G., Marti,E.,
bacterium Ferrando-Climent,L., Rodriguez-
Bacteria; Proteobacteria; Mozaz,S., Barcelo,D., Comas,J.
Gammaproteobacteria; and Rodriguez-Roda,l. Effects on
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Sample Identity (%) | Accession Bacteria Source Reference
Thiotrichales; activated sludge bacterial
environmental samples. community exposed to
sulfamethoxazole. = Chemosphere
(2013) In press
WWTP1_8 341F* | 98 KC588348.1 uncultured Thiotrichales | bioreactor Collado,N., Buttiglieri,G., Marti,E.,
bacterium Ferrando-Climent,L., Rodriguez-
Bacteria; Proteobacteria; Mozaz,S., Barcelo,D., Comas,J.
Gammaproteobacteria; and Rodriguez-Roda,l. Effects on

Thiotrichales;

environmental samples.

activated sludge bacterial
community exposed to
sulfamethoxazole. = Chemosphere

(2013) In press
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Sample Identity (%) | Accession Bacteria Source Reference
WWTP1_8_341F* | 98 AB042542 .1 Thiothrix eikelboomii from bulking | Kanagawa,T., Kamagata,Y.,
Bacteria; Proteobacteria; | activated sludge Aruga,S., Kohno,T., Horn,M. and
Gammaproteobacteria; Wagner,M. Phylogenetic analysis
Thiotrichales; of and oligonucleotide probe
Thiotrichaceae; Thiothrix. development for eikelboom type
021N filamentous bacteria isolated
from bulking activated sludge.
Appl. Environ. Microbiol. 66 (11),
5043-5052 (2000)
WWTP1_9 341F 98 KC588348.1 uncultured Thiotrichales | bioreactor Collado,N., Buttiglieri,G., Marti,E.,
bacterium Ferrando-Climent,L., Rodriguez-
Bacteria; Proteobacteria; Mozaz,S., Barcelo,D., Comas,J.

98




Sample Identity (%) | Accession Bacteria Source Reference
Gammaproteobacteria; and Rodriguez-Roda,l. Effects on
Thiotrichales; activated sludge bacterial
environmental samples. community exposed to
sulfamethoxazole. = Chemosphere
(2013) In press
WWTP1_10 _341F* | 97 KC588348.1 uncultured Thiotrichales | bioreactor Collado,N.,  Buttiglieri,G.,  Marti,E.,
bacterium Ferrando-Climent,L., Rodriguez-
Mozaz,S., Barcelo,D., Comas,J. and
Bacteria; Proteobacteria;
Rodriguez-Roda,l. Effects on activated
Gammaproteobacteria;

Thiotrichales;

environmental samples.

sludge bacterial community exposed to
sulfamethoxazole. Chemosphere (2013)

In press
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NEN TIHANIANHIATHARINUNTANBNVDY Yikazanz (2012) AWuIganIwiLh
TagLaNIZANULTUT WY DIRITATIRITIEANA D E1ININAUNITLU R UL RIVaIAIY
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=1 = 1 a = 1 [ v
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A A A o o A A A = o ' Aa
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a A 6 A o [l A o o ! g 1
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ATNN 32 mil,ﬂa'ﬂumJmﬂs:mmaﬁuﬂ%ﬁmﬂﬁoLaummﬁmaas:uuﬂwﬂ'@WWTP 2

ATNH 33Cluster analysis °11aaﬂs:mﬂ‘sgam‘%ﬁmﬂﬁaLaummﬂmaas:uuﬂwﬁ'ﬂ WWTP2
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@179 11 NAMTABUAAULUFVBILILALE LN DGGE 843 uutinta WWTP 2ug udayaNCBI BLAST

Sample Identity Accession Bacteria Source Refference
(%)
WWTP2_1_341F* | 94 HE863779.1 | uncultured Rhodocyclaceae | mixed culture from | Chandra,R., Venkata Subhash,G.,
bacterium photosynthetic fuel | Venkatsawar Reddy,M., Kannaiah
Bacteria; Proteobacteria; | cell reactor Goud,R. and Venkata Mohan,S.
Betaproteobacteria; Operation of photo-

Rhodocyclales;
Rhodocyclaceae; environmental

samples.

bioelectrocatalytic system under
anoxygenic microenvironment for
bioelectricity

generation.

Unpublished
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WWTP2 2 341F | 94 JQ116182.1 | uncultured bacterium anaerobic sludge | Lee,S.-H., Kang,H.-J., Lee,Y.H,,
Bacteria; environmental samples. | digester Lee,T., Han,K. ChoiY. and
Park,H.-D. Monitoring Bacterial
Community Structure and
Variability in Time Scale in Full-
Scale Anaerobic Digesters.
Unpublished
WWTP2_3 341F* | 98 HM584360.1 | uncultured bacterium antibiotics- Deng,Y., Zhang,Y., Gao,Y., LiD.,
Bacteria; environmental samples. | producing Liu,R., Liu,M., Zhang,H., Hu,B,,
wastewater Yu,T. and Yang,M. Microbial

treatment plant

community compositional analysis

for series reactors treating high

level antibiotic wastewater.
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Environ. Sci. Technol. 46 (2), 795-

801 (2012)

WWTP2 4 341F | 94 FJ868266.1 | uncultured bacterium sludge of | Tan)Y. and JiG. Bacterial
Bacteria; environmental samples. | wastewater community structure and dominant
including carbazole | bacteria in activated sludge from a
treatment reactor 70 degrees C  ultrasound-
enhanced anaerobic reactor for
treating carbazole-containing
wastewater. Bioresour. Technol.

101 (1), 174-180 (2010)
WWTP2_ 5 341F* | 96 GQ871625.1 | uncultured bacterium sequencing batch | Zengin,G.E., Artan,N., Orhon,D.,

Bacteria; environmental samples.

reactor (SBR)

operated for

Satoh,H. and Mino,T. Effect of

aspartate and glutamate on the
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enhanced biological | fate of enhanced biological
phosphorus phosphorus removal process and
removal (EBPR) microbial community  structure.
Bioresour. Technol. 102 (2), 894-

903 (2011)
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ﬁwqﬂﬂiﬂim%ao%'ﬂﬂum:mumma@1 YSuaeandaunluszuy LLazqmawﬁamaaﬁwﬁo
N188nNN1NTZUY Anaerobic buffer
A = a @ K& o o a A ¢
Wanlisusuanuasoadsnuuaslasiaiielzmnsgdunidan
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@191 12 HAMTNIUIGULURVBILALALELEIN DGGE 243 uu1inta WWTP 3nug udayaNCBI BLAST

Sample Identity (%) | Accession Bacteria Source Reference

WWTP3 1 3 | 87 HQ184344.1 uncultured Rhodocyclaceae | Aerobic granular | Figueroa,M., Alonso-Gutierrez,J.,

41F~* bacterium sludge Mosquera-Corral A., Campos,J.L.
Bacteria; Proteobacteria; and Mendez,R. Microbial community
Betaproteobacteria; monitoring in an aerobic granular
Rhodocyclales; reactor treating fish caning effluents
Rhodocyclaceae; by the full rRNA cycle approach.
environmental samples. Unpublished

WWTP3_2 3 | 99 KC551654 .1 uncultured bacterium activated sludge Xiao,H.H. and Ni,J.R. The bacterial

41F Bacteria; environmental community of activated sludge from 4

samples.

wastewater treatment plants.
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Sample Identity (%) | Accession Bacteria Source Reference
Unpublished
WWTP3 3 3 | 93 GU784724 .1 uncultured bacterium Drinking water | Kwon,S., Moon,E., Kim,T.S., Hong,S.
41F* Bacteria; environmental | (treatment 3) and Park,H.D. Pyrosequencing
samples. demonstrated complex  microbial
communities in a membrane filtration
system for a drinking water treatment
plant. Microbes Environ. 26 (2), 149-
155 (2011)
WWTP3 4 3 | 93 HQ511124 1 uncultured bacterium municipal activated | Kim,T.-S. and Park,H.-D. Bacterial
41F* Bacteria; environmental | sludge wastewater Community Structure of a Activated
samples. Sludge Process as Investigated by

Pyrosequencing. Unpublished
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cluster analysis Iugﬂmaa dendogram (NMWH 39) WUIENI0ULING N3z TINS
wuaflisuaanidu 3 ndulng wude ndun 1 dszmnslwidouiawiay (1) nguh 2
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) ! | A A A o v a A A | A
Traadnlngllamanezmlownulasiudmifasainiidin  0<Rge <1 wARLN9
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1 s [ a a A s A a 6 A >
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A13191 13 NAMUNBUAAULUFVBILILALE LN DGGE 2843 uu1inga WWTP 4 nug uiayaNCBI BLAST

Sample Identity (%) Accession Bacteria Source Refference
WWTP4_1 34 | 83 AB665286.1 | Burkholderia sp. BA3a acidic forest soil Kunito,T., Owaki,M., Ihyo,Y.,
1F* Bacteria; Proteobacteria; Sumi,H., Toda,H., Fukuda,D. and
Betaproteobacteria; Park,H.-D. Genera Burkholderia and
Burkholderiales; Lipomyces are predominant
Burkholderiaceae; aluminum-resistant  microorganisms
Burkholderia. isolated from acidic forest soils using
cycloheximide-amended growth
media. Microbiol. 62, 1339-1344
(2012)
WWTP4_2 34 | 90 HQ487811.1 | uncultured bacterium municipal activated | Kim,T.-S. and Park,H.-D. Bacterial
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1F

Bacteria;

samples.

environmental

sludge wastewater

treatment bioreactor

Community Structure of a Activated

Sludge Process as Investigated by

Pyrosequencing. Unpublished

WWTP4 3 34 | 98 GQ844369.1 | uncultured bacterium influent produced | Liu,R., Li,D., Gao,Y., Zhang,Y.,
1F Bacteria; environmental | wastewater Wu,S., Ding,R., Hesham,A.E.-L. and
samples. Yang,M. Microbial diversity in the
anaerobic tank of a full-scale
produced water treatment plant.
Process Biochem 45 (5), 744-751

(2010)
WWTP4 4 34 | 93 HQ520255.1 | uncultured bacterium municipal activated | Kim,T.-S. and Park,H.-D. Bacterial
1F Bacteria; environmental | sludge wastewater | Community Structure of a Activated
samples. treatment bioreactor | Sludge Process as Investigated by
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Pyrosequencing. Unpublished

WWTP4_ 5 34 | 99 HQ171185.1 | bacterium enrichment culture | sludge Jiang,Y., Marang,L., Kleerebezem,R.,
1F clone SBR3 Muyzer,G. and van Loosdrecht,M.C.
Bacteria; environmental Polyhydroxybutyrate production from
samples. lactate using a mixed microbial

culture. Biotechnol. Bioeng. 108 (9),

2022-2035 (2011)

120




3.5 mquﬁﬂmtﬂaaﬂszmma}ﬁuﬁﬂu WWTP 5

{ a A o @
mmJ'Eiyuuﬂawaoﬂizmmgauw‘%sﬂu WWTP 5391 0u3zuuiinga
WUU SBR ﬁlﬂumsﬂ’]ﬂ@ﬁ%ﬁmﬂﬂqmu lault PCR-DGGE uaadlwnIng 41 3nnang
a 6 & a A Qs 1 1 v a A
AuNaLAwaadlsznInuaRsluszuuaInaIwLIN T eI Ul T NTRLA NS 8
a ' a a a A = o ' 2 a
FRALAY AINURAINRAULAZ TN U R UL RIAINTZHLLIRNNLALAIDENIT 93
AMNFNAN BT NUUTU LA AN UL T U a4 TN 13910 a8 RILNA LA NI 18I
YDILDUALDWLALAZAINLTNYAILDUALAWLANALTAIULTUULRZAINILANGIIN W L UULGARS
A =< Ao A & ° a A & a
1@k INMIANEINLIININWIBUDUALEWLATIWIN 25-30 LD laudusunuaLanian
a £ A A ' ~ A o & '
Va2 unIano lUanzunfanitn ARNUERY 1 Was 3 (MW 41) mmaﬂumaluﬂgu
. . P A= A & A oA
Uncultured bacterium bacteria (a1319% 14) suaudiawiandsingiiunnifanusazil
5 R VR 4z P .
AU UUAILDUALAWLAN bILYINN LT WUNULAY 4 mmaaaﬂszmwumﬂumaiuﬂqu
Salmonella enterica subsp. enterica serovar Typhimurium str. DT2 Bacteria; (miw‘ﬁ
Ao @ A @ ' a A < A a £ o A
14) 1anNNHORTUNUIFINAI12ALIILDLALIWLENNATBARDATELLLIAINTA LY
Ao o A & -~ A ' v & A o o A
s:uﬂmmmmmwammmammqwsammznmﬂmnLﬂumammnﬂaglm:uu
LaLRINIINUSUA TN LTz UUanNalad lauNalutuaasnnuaLdwiaunuaz la
A o A o . o A 2 = &
WasuuwlasnaaaszoznamMIdiuszuumangldunnaneas 2 (awh 41) saduse
lungu uncultured Thiobacillus sp.Bacteria (A1319%1 14) GavtugmsauLiA84ET39
% 1 s 1 1 t-ﬂl a A L ' d' =
BUINVEINDLIN NGNS U UL RIV09UTZTINTHUANIILAINAD TINANITANE
(% =4 Q =1 dl 1 a =
ARNEARNINUNNTANEIVEY Fernandes WazAthe (2013) ﬂwmwﬂszmm@aumﬂm:uu

SBR ﬁﬂﬂﬂ’@ﬁnLﬁﬂ*’qmuﬁmmme@hﬁumwﬁﬂ%wamaaﬁnnﬁ

A = P ) ]! o o a a6
WaldIsumauanuaagatI N aGIﬂ‘id ai’mﬂi:%’]ﬂs@ﬂuﬂiﬂﬁnﬂ

121



cluster analysis Iugﬂmaa dendogram (NMWH 42) WUIENI0ULING N3z TINS
wuafiisueanidu 2 nqulng waz 4 ngudes wuda ngud 1.1 dszansluifion
NUARUE (14AZ2) LABUNOBMAN (1 WaT 2) uazidaulnguioy (1) ndui 1.2 dszang
Twdaudwiaw (1) uazidanmon (1) uazidanlguisn (2) nguf 2.1 Aatzaniluy
A a A s A A a

AU WOATNIYH LABUTUINAN (1) LABUNINGIAN (2) LADURINIAN (1 WAE 2) WA
o oA A A A ] ~
Auenou (1) ndui 2.2 Aatszmnyluidion gatan (1 uaz 2 ) uaz guiow (1) F9adl
ANNLANGANYTIILaza N T U TRYas e sTuunTe  uaidunaulain
suupnlassadidzrinsvesiufsguruly WWTP 5 aziinadfouudasnlddunau

Lviﬁﬁ'uiﬂsaa%"mﬂizmniqawn%ﬁﬁma’minﬂ'}ﬁ'@mL%Uq@m%ﬂﬁm WWTP 1 819 4 uaz

v v
o A

ﬁmwvsmﬂﬁmmnﬂﬂ'j'maum@'j’uﬁaamnqmauﬁ'amaaﬁuﬁﬂ"gwmmﬁa@iami
Wigdvlavasndunidnassfiadnninmudsdusesdinaiifouazguantdvasin
= 1 L% = dl' = a g’ a 1
\woazdaudiasfiillaisuiuiiionnunsdsgasnn s
=} = 1 a =) 1
mﬂmimmumm_lmmLmﬂmwaaﬂs:mmgaumﬂmmaz

$3912987698 Raup and Crick (MW 43) wudszrinsgaunidnunanluudaz s
' A a A o @ a A A LA o ' A a
fnlngllamanaznlonnwlastsidgiiosaniidin  0<Rge <1 ualunsaradnd

> '

AMAnAINUANBYIL RN RUTMTaunua I NUBEATY (Rec > 0.95) 111 G288
Uszpinsadunidlutfeusuinavuazidoufinian nialuidaulguisuuazidion

L A A o ' A a o a A 6 o o
nIngy ey TG&JLWUGU’N@I’JQUqﬁqﬂ?ﬂzuiﬂﬁdaﬁqdﬂsz"ﬁ’]ﬂi"gauﬂ'ﬁﬂ(ﬂqxﬁﬂuﬂaum’]@m@ﬁ]u

WA ENIVDILADWRIRIAN LRI WIAN

122



3§

.

AN 41 mnﬂ'&'wu,ﬂmﬂsz“mmﬁ;ﬁuﬂ%ﬁmnﬁoLawmmﬂmaas:uuﬂﬂﬂ’@WWTP 5

AN 42Cluster analysis °uaaﬂs:mmgﬁuw’%ﬁmnﬁaLawmmﬁmaaszuuﬁﬁﬂ'@ WWTP 5

123



L 2 ®
o o%e°
oo

YR

®eo oo

P J

*

000000000,y O

1.2

Xapuj 32119 pue dney

0.2

AON-09Q
100-09Q
1°0-AON
dag-09Qg
das-roN
deg-100
Bny-08Qq
Bny-AoN
Bny-100
Bny-deg
Inr-08@
INP-AON
INr-10
Inp-dag
Inp-Bny
unr-08Q
unp-AoN
unp-10
unp-deg
unp-Bny
unp-Ainp
Key-09Q
Ae-roN
Ren-100
Rep-deg
Ae-Bny
Kep-Ainp
Ae-aunp
1dy-08Q
1dy-AON
1dy-100
1dy-deg
1dy-Bny
ady-Ainp
1dy-aunp
ady-Aepy
JeN-08Q
JEN-AON
JBN-1°0
Jep-deg
Jep-bny
Jep-Ainp
Jep-aunp
JeN-Repy
Je-1dy
gqa4-08Q
qa4-AoN
9940
ga4-des
qo4-bny
ge4-Ane
qa4-aunp
qod-Aepy
qa4-1dy
qo4-1ep

(%

MDY

Raup and Crick

TAWWTP 5lagdiuimann

yuyea

o
o

@ A

TNTIAUNITNNNILANDINATDIT

a

q

17
@

43 ANULONANNVRILUT

A
NNN

124



A19191 14 HAMTNYUIGULUFVBILOUALELEIN DGGE 43 uu1inta WWTP 51Uz udayaNCBI BLAST

Sample Identity (%) Accession Bacteria Source Refference

WWTP5_1_34 | 97 KC551644 .1 uncultured bacterium activated sludge Xiao,H.H. and Ni,J.R. The bacterial

1F Bacteria; environmental community of activated sludge from
samples. 4 wastewater treatment plants.

Unpublished

WWTP5_2 34 | 87 JF261092.1 uncultured Thiobacillus | aeration tank from | Lee,C.W. and Ang,P.P. Profiling of

1F sp. sewage treatment Bacterial Community in Activated
Bacteria; Proteobacteria; | plant PTG122 Sludge Systems. Unpublished
Betaproteobacteria;

Hydrogenophilales;

Hydrogenophilaceae;
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Thiobacillus;

environmental samples.

WWTP5 3 34 | 98 KC922652.1 uncultured bacterium groundwater Shirokova,V. and Ferris,G. Microbial
1F* Bacteria;  environmental | discharge zone | Geochemistry of a Groundwater
samples. sediment Discharge Zone Redox Gradient.

Unpublished
WWTP5 4 34 | 99 HG326213.1 Salmonella enterica Kingsley,R.A., Whitehead,S.,
1F* subsp. enterica serovar Connor,T., Barquist,L., Sait,L.,

Typhimurium str. DT2
Bacteria; Proteobacteria;
Gammaproteobacteria;

Enterobacteriales;

Enterobacteriaceae;

Holt,K.E., Sivaraman,K., Wileman,T.,

Goulding,D., Clare,S., Hale,C.,
Seshasayee,A., Harris,S.,
Thomson,N.R., Gardner,P.,

Rabsch,W., Wigley,P., Humphrey,T.,
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Salmonella.

Parkhill,d. and Dougan,G. Genome
and transcriptome adaptation
accompanying emergence of the
DT2 host-adapted Salmonella

Typhimurium pathovar. Unpublished
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A13191 15 NAMINYUAAULUFVBILILALE LN DGGE 2843 uuLinga WWTP 6 nug uiayaNCBI BLAST

Sample Identity (%) Accession Bacteria Source Reference
WWTP6_1 3 | 96 HQ89050 uncultured beta | Coromina lagoon | Lliros,M., Alonso-Saez,L., Gich,F.,
41F~* 2.1 proteobacterium water column (4.5 | Plasencia,A.,
Bacteria; Proteobacteria; | m) Auguet,O.,Casamayor,E.O. and
Betaproteobacteria; Borrego,C.M. Active bacteria and
environmental samples. archaea cells fixing bicarbonate in the
dark along the water column of a
stratified eutrophic lagoon. FEMS
Microbiol. Ecol. 77 (2), 370-384
(2011)
WWTP6_3 3 | 98 JN391683.1 | uncultured bacterium activated sludge in | Feng,C., Chen,S., Wang,S. and
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Sample Identity (%) Accession Bacteria Source Reference

41F Bacteria; environmental | aerobic tank of | Fang,F. Investigation of microbial
samples. activated sludge | community structure in a hybrid
reactor biofilm-activated sludge system with
nitrogen & phosphorus removal.

Unpublished
WWTP6 4 3 | 90 EU593849.1 | uncultured bacterium sludge Yasir,M., Aslam,Z., Kim,S.W.,
41F Bacteria; environmental Lee,S.W., Jeon,C.O. and Chung,Y.R.
samples. Bacterial community composition and

chitinase gene diversity of
vermicompost with antifungal activity.
Bioresour. Technol. 100 (19), 4396-

4403 (2009)
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Sample Identity (%) Accession Bacteria Source Reference

WWTP6 5 3 | 99 EU593849.1 | uncultured bacterium sludge Yasir,M., Aslam,Z., Kim,S.W.,
41F Bacteria; environmental Lee,S.W., Jeon,C.O. and Chung,Y.R.
samples. Bacterial community composition and
chitinase gene diversity of
vermicompost with antifungal activity.
Bioresour. Technol. 100 (19), 4396-

4403 (2009)
WWTP6 6 3 | 98 JN391644.1 | uncultured bacterium activated sludge in | Feng,C., Chen,S., Wang,S. and
41F Bacteria; environmental | aerobic tank of | Fang,F. Investigation of microbial
samples. activated sludge | community structure in a hybrid
reactor biofilm-activated sludge system with

nitrogen & phosphorus removal.
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