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ABSTRACT

Conventional activated sludge processes (ASP) in Thailand were mostly designed for
high dissolved oxygen (DO) concentrations, usually higher than 2 mg/l.. They were not
appropriate for both economic and removal capacities and might cause the rising sludge problem,
due to denitrification occuring in the final settling tank. Later, the effluent SS concentration was
higher than discharge standard. Researchers, therefore, had an idea to reduce the rates of aeration.
However, this idea might led to the bulking sludge problem caused by filamentous bacteria,
Using selector was one of the successful solutions. The main objection of this study was to study
the efficiencies of the selector in the ASP for controlling the bulking sludge problem and
improving the removal capacities of the ASP, by controiling aeration system. At the treatment
plant of a representative frozen seafood factory, the aeration control system and 4 selectors (4 m’
each) were installed, with Hydraulic Retention Time (FIRT) of 30 minutes (HRT of selector), The
experiments were divided into 2 sets, parallel system and combined system (selector type). The
controlled DO concenirations were varied from 0.3 to 3.3 mg/L.

The results showed that the parallel type of selectors, using with the UASB and ASP,
gave the removal capacities of 92.3, 92.5, 61.9, and 15.7, for SS, TCOD, TN, and TP,
respectively. Those capacities were improved when compared with the UASB and ASP, without
installing the selectors. However, when compared with the combine type of selectors, only TCOD
and SS were better than the UASB and ASP, without installing the selectors. The TN removal
rate was worse than that,

After microscopic examination, both sets of experiment showed that selectors changed

type of filamentous bacteria from type 0041 to be type 1851. From this study, the parallel type of

(5)




selectors, using with the UASB and ASP, gave the better total removal capacity, than the ASP

with the combine type of selectors and without selectors.
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A = e el o e - 3 Y o o = 9 1
fieanngauni didnsimnIgay lngaiy duituegazneunszanansediy Tavaiaiy
d = ] @ & 0 a
aznouvaTTVLLEAdtIdaTdnduismuguunveinszuIums 14 3 sziande dasinig
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=1 ar g A 9 4 ar - o 1 e T 5} ar
Aaundudindarediuvii laedelFasaliondr dudnenauoy tuarmu $dmnszoe
1 o M P Qs 1 Qr ] LY
pImIANH s us Bz asiuTnnaan Ny R unilsvesniiazds udazdaldeima
] o5 { =y 3 o oy e @
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aududegaeen (552 insen, 2539) Taslusazhlims@uenmaeziianisgady assau
=y oy o = a4 w A .:?d ~ T I
aznouazMsnasendatuasaunionieluds Fszyvuuuiliinsnldeunaaiiiled
ARDAANVIIVOITUAVINA AiD FINITNILAANWLE1IIAS T Uazanatadadhy suds
'
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1.2.5.2 930NAZNDY
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] o 1 1 ar
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szanniniaiini F/M Ratio i1

126 ilymnznewnihiond? (Bulking Sludge Problem)
Tussuuudafnfiaadad  ydunidfiferdoslaonsafunisgooaare
= L { 1 =y o
arspunidluszuy dhuuefifoiiadeemsedbiTduuue Tsiin (Aerobic) uazurfam
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T ~ a1 o
uamnasasundmuilymiasnougdunid livud (Bulking  Sludge) anaznaulddes
uazazneu lisaudifuin Tasilymazneunnldeud erdiaunguion @uiing i
- a ¢
FIFUTBUDLANL, 2541)
1. 91VBINZNBUA1 (F/M Ratio JAg4)
= ool
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¥ ]
3. tindsnangomsisudlu
¥
4. TudsduomeafianududuvesFinuesnduuazaeivi
1 Q0 ]
5. m pH Tududuermelidiunas

v ¥
6. Hmsouanendiunmdnnluszuulsedzlmndininge




14

nnaumguesilamagnounn lisudfifana lududvermeiianududu
¥ v 1
voulTunaeandnuasawidniu 1zfinadon1 F/M Ratio TasRi1#a1 /M Ratio fifidias
£ o Y 1 a [} ar = o . 1
dwdseziih lilgmsiAeilymazneuwnhisudningdunidarsle (Michael, 2003) usiilu
szuvihauuuusadiufdaadatoziinisniuny Organic Loading AuueU udRamIIONY
= o T et 1 T
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a 3
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Thiothrix spp. Beggiatoa spp. U0 Type 021N WU Sulfur Granules BIT1U13 21U9UBN TSV
Jranu
aslimsanasilszneueiunid (Falvid) 09 uen1Infl Hao e ol (1983) UaY Lau ef .
W S Ada a A o ad - T 4
(1984) 'l msAn1dadiFia 2 viia Ao Floc-Former azgaun3daioly wud yaunsd
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o 1 = 9 19 = ) a @ Y a o o
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auvgfinandriuhidwusiiavesgiunidaelondunudie aunsoagl
e { 1 at d‘ -y 3
18dsmaf 2 Taoilgmaznewnn lisudifaliyu Palm et af. (1980) 02 Kappeler and
1 1 1 = = @ 1 { ¢ -
Gujer (1994) na i1 andulaolSinasvenydunidaelon 1 - 20% fomohneliina
1 o v a A '3 = { 1 1
Yymazaoumu liuda 18 udlasdndgdunidarelolnlsmadidesinne v lidwwade
o A 1 d' g : ras ] Y o [] ar N
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=1 Ao o A d o =2 ] PV Iy :g 1
and Grady, 2002) Huitesdnnuuinnaunuddlymazaeunnlisudrnbaiuedie
oA o v e o - 4 A Adaa
aotfioluszuuthiadude lasvsnufzmannguosilygm Fungranianisms
< o ] 1 o =
uiilaagnounn i lidssaunaduse erailosunninlifinnuaeandosiulsum
4t & aw 5 a a =g -
wunfiiefigndes Fainuitoauemsswunsiavesydunidaeleluazneunfiailym
1 o = “ a
agnaun livud) (Bikelboom, 1977) lasdasiinisBenuduazidilafaadsinervesgdunsd
14 []
awle swvsdnvae Iaen ldmadugninnveuradydunidmoloTasnisasnaen
4 o -~ - adal L] w4
azgnowfiadmunvilavesydunidndluaumeuesilyminsneumnliwd Feense
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P v w o 4 Iy ' = o
15199 2 Aunguesilgmaznauun hiwdduiieunnnmsianguvesyaunisayle

Aunguoananailyringnaunn yiiagaundviiadulofidy $73%m
Tiauda

DO ﬁ‘i’l Type 1701 Sphaerotilus natans Haliscomenobactor
hydrossis

F/M Ratio 9‘%1 Mierothrix parvicella H. hydrossis Nocardia spp. Type
021N 0041 0675 0092 0581 0961 gz 0803

‘ii’llﬁ'ﬂl‘li‘l&ﬁﬂ%a‘lﬂﬁ) Thiothrix spp. Bergiatoa spp.la¥ Type 021N

VIATMOINS Thiothrix spp. S.natans Type 021N LDS919WY H

hydrossis Type 0041 Lo 0675

pH M Fungi

111 : 52 N300 (2539)

¥ ¥ 1
wenunil seauduvesmudailynnznewn lisudiduilesyinin

a & T a 3 1 ar {
yaunidawle iniseenidiiiu ¢ sedududos duwaalumaei 3

] o w 6‘;‘ oy Py o ar “ T
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dndud $unuqdunidasle fyifTunsagnouydunid
./ n.) @unie)
0 i 60
1 $ruudimion 70
2 fvuthunais 100
3 1UUYN 135
4 s‘imaumﬂﬁqa 265
5 unnfalng 700

U1 ATV working group 2.6.1. (1989)
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Floc tazifian1s lilaudrvesnzsnoudiiTend1 Buking GTudu demannil, 2542) K1l
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working group 2.6.1 (1989) Ty Filamentous Bulking Sludge Problem Nﬁ”lmﬁ]ﬁ‘lﬂi’g fafl (%‘53

N394, 2539)
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anmduduvesoendouasmontlesiunneiydu Tavesyduniduvudulondiud s
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= t u/ ij oA A A I woy ar
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' 3

yeeszuuiia (151 DO, FMUazduq) 538935015210 Nan192619 Wpdssuita
(Strom and Jenkins, 1984) LIEAIRINTIN 5
gv A 9 = Al 9 4 o @ cy = g o
wanuindl dalinsdisregdunidsiaduleluszuuinfaiuFenniudnde
o o o 3 o - 1 = o d 5?
waadand udszmaeien aswaadluaisei 4 Tasmsuninsznevesgaunidilszianii

a ar oy 4 o4 1 ar
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Treatment plant name

Sample date
Analyse date
Sample number
color
Temperature
Sample type
dominant
sub-dominant
0 tlone
i Few
2 Some
Filamentous Abundance 3 Commen
4 Very common
5 Abundant
6 Excessive
in tloc
Filamenteus places o fre water
straight
Filamentous shapes smoothly curved
coiled
present
Attached growths
absent
absent
Branches false branching
true branching
present
Shealiths
absent
present
Cross-walls
absent
barrel
oval
Cell shapes rod-shaped
square
rectangular
<1 Hm
Diameters 1.0-2.5 Um
>2,5 m
<100 Bm
100 - 200 Um
Lengths
200 - 500 lim
500 - 1000 Um
Neissers-staining positive (granular)
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positive (cell-blue)

negative (brown)

Gram-staining

positive (blue}

negative (red)

| few

2 some

EPS-catagories

3 much

4 too much

Identified filamentous bacteria
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[l
-

Funifudoahs

) = = ¢ t::
yiingaunidaalofiny

Dominant Group

30/3/2549 Type 0041, S. natans, N. limicola Il Type 0041
6/4/2549 Type 1851, Type 0041, S. natans Type 0041
21/4/2549 Type 1851, Type 0041, S. natans, N. fimicola IT S. natans
28/4/2549 Type 1851, Type 0041, 8. natans, N. limicola I S. natans
19/5/2549 Type 1851, Type 0041, 8. natans, N, limicola I S. natans
26/5/2549 Type 0041, 8. nafans, N. limicola I Type 0041
2/6/2549 Type 0041, §. natans, N. limicola I1I Type 0041
9/6/2549 Type 0041, Type 1851, S. natans, N. limicola I S. natans
16/6/2549 Type 0041, S. natans, N. limicola IT Type 0041
30/6/2549 Type 0041, S. natans, N. limicola 1T Type 0041

a ° =Y o 4 i @ oy a < YN
MIIMARUINT 36 ramsSuuaviingdunidanleinu lududuerna (59 CN) disdu

o o w &
TEUUAAHUFUDTUUTY

Sufifuietha ilayduvidmelefivy Dominant Group
21/7/2549 Type 0041, S. natans, N. limicola I Type 0041
28/7/2549 Type 0041, S. natans, N. limicola If Type 0041
4/8/2549 Type 0041, S. natans, N. limicola I Type 0041
18/8/2549 Type 0041, S. natans, N. fimicola I1,Type 1851 Type 0041
25/8/2549 Type 1851, Type 0041, S. natans, N. limicola 1 Type 1851

1/9/2549 Type 1851, Type 0041, 8. natans, N. limicola I Type 1851
8/9/2549 Type 1851, Type 0041, . natans, N. limicola I Type 1851
15/9/2549 Type 1851, Type 0041, S. natans, N. limicola 1T Type 1851
29/9/2549 Type 1851, Type 0041, S. natans, N. limicola If Type 0041
13/10/2549 Type 1851, Type 0041, 8. natans, N. limicola 11 Type 0041
20/10/2549 Type 1851, Type 0041, N. limicola [ Type 1851
27/10/2549 Type 1851, Type 0041, S. natans, N. limicola 1f Type 1851




~ o = = o A o o o 4 a
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Suiifiuieths wilagauvddmdlofin Dominant Group
1/6/2550 Type 1851, Type 0041, S. natans Type 0041
8/6/2550 Type 1851, Type 0041, S. natans Type 0041
29/6/2550 Type 1851, Type 0041, 8. natans, N. fimicola 1 Type 0041
6/7/2550 Type 0041, 8. natans, N. limicola I, Type 1851 Type 1851
13/7/2550 Type 1851, Type 0041, 8. natans, N. limicola 11 Type 1851
20/7/2550 Type 1851, Type 0041, 3. natans, N. limicola IT Type 1851
27/7/2550 Type 1851, Type 0041, S. natans, N. limicola I Type 1851
3/8/2550 Type 1851, Type 0041, S. natans, N, limicola I Type 1851
10/8/2550 Type 1851, Type 0041, S. natans, N, limicola I Type 1851
17/8/2550 Type 1851, Type 0041, 3. natens, N. limicola 11 Type 1851
24/8/2550 Type 1851, Type 0041, 5. natans, N. limicola Il Type 1851
31/8/2550 Type 1851, Type 0041, 5. natans, N. limicola If Type 1851
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MFOONULIZTVLNSAIVYHAT DO/ORP Online HAZHADM SN

idissnnegium po A ldvmisdueme fidfiguiuanusuiiu g
zﬁmﬁuﬁ’jnummwﬂﬁzmﬂuﬂﬁﬁwﬁmfuﬁﬂ‘lu%uﬁiﬂ‘lﬂ auvguiavnlulieiueinal Motor
Gy 5 § dolidnnsofeadiladmileld hldemaidiuanuduiiy
dafueesnuunszuy 1¥asaaugud DO fimseenvesimnvedveima Tasl¥ DO
Controller A9yl 1111 Analog output 4-20 mA. 11fih Inverter tHoRIURUATIE T VVBY
Motor ANEIMA §11IU 2 ﬁ’aﬁagﬂnﬁ’ﬁvmwammifmﬂﬁmﬁnmmﬁ #71 Motor 13
smmdau 3 Mifimdesyldiduiling St Wawsofizaugum Do M
dean3 ludau DO Controller 9271 Data Logger 1uﬁ’axﬁe;ﬁuf{’l’ayammdi DO/ORP/Temp #%a

[l
1w =4

én 8,000 A1 uazfivesdedygnauuy RS-232 Aderdiy Computer tiiedstioya’ly

o

Snsizviasl

ginsal
1. MIQ/S184 XT-H3 (Terminal and Controlter)
p [
- dluvenanwanioussuunILgY UL Multi- Patameter Feansafizia
' % A a o A A

#1 pH, ORP, DO, Cond, Temp 184 18 luinTosdon Iasduniesliszuunis
Moy Digital 81 TaT8afUMIAEIIUYeS Sensor 1884 12
Sensor.

~ fssnudafewmzaIangaumstina ( Log book) Tasezudaliingwin
= ol [} k) 1 T
Ranneg lsuagditud lvedelssseuaamnauuy Lep vunIngwioy
WiSonas

- S ludussesanniafudoyaniinldgagaia 8,640 ga

- Teensdn U Analog output 0/4-20 mA. $119Y 3 FBHALA NN

A' a 3 ar

windn ldnmends

- 1l Relay output $147u 3 Yosuazannsomudn ldmends

~ fidesdedynnauiiy RS-232 Waeudeadhfunouiiines

2. TriOxmatic 700 IQ DO Sensor
a - o . 3o
- asmenaedusguw Digital oanunuinTudnume submersible type 1939

v v
Tagasaiuivsings Iagiamz sensor body ¥1910 316 Ti Stainless Steel
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membrane N 1¥eonuuunidiufieundnnn Teflon WU Rugged
= . o - oA oA Y
membrane HAIUHU 50 Micron ’cT’]ﬂJ’lﬁﬂﬂmﬂumilﬂﬂﬁﬂﬂiﬁiﬂmﬂﬂ 14
& o A o
114910 tmembrane ' lifinaan Siticone ete.
HazrnsnaaussnEn1mued Membrane/Electrolyte tazifszdninm
¥94 sensor dNTHans iU VUK veuaAa A
¥

Sad1 DO 14&ud 0.0 - 60.0 mg/t, AIWALBUA 0.1 mg/l, AUYNABS +1%

T A N
vearrnou 4

¥
Sargangi lddaue -5 ..+60 °C, Anwazden 0.1 °C, ANMYNABY + 0.5 °C

3. SensoLyt 700 1Q (pH/ORP Assemblies) with SensoLyt ptA ORP Sensor

nsthaudiissuY Digital panuuunly submersible type 1930 Tasns ey
15‘1/15115’&1@&%3‘”3 sensor body 11910 316 Ti Stainless Steel
Hrzuunsvaeuilsz@nin1mues sensor amnsieaaliiiuuuniine
weraana 14

Fas1 OrRP 181124 4 2000 mV, ANUAZIBEA 1 MV, 191YNADY + 2 mV.
'E’ﬂthmﬂgﬁ“lé’fﬁ"’md -5 .60 °C AMAzIBN 0.1 °C ANIGNADI + 0.5 °C

Tunsai sensor Jadaannsnoeanlagumng sensor

4, ‘zgﬂﬂmﬂumwm‘%‘asaunama{ (Digital AC Inverter Emerson PV 0075 2 units )

Supply : 380V-15% to 440V+5%, 3phase, 50/60 Hz

Output : 0 to Supply Voltage, 3phase, 17A, rating 7.5 KW

Overload 120% for 60 sec.

aﬂgﬂué’ Control #¥ousguuuUy Fully Function (Auto/Manual/Emergency)
FUNQYYIM Analog input 4-20 mA. L‘ﬁ'@ﬂfmﬂnmmﬁaiau

#1139 bypass v I 195zuay 1alunsdin Inverter Hilgymn
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maviSinIazneu (SVD

A NMAHUANT 38 MariitTinasaznouvesds CN dielinms@uszuudefaiufuuuunm

nffpufeufuaeu@ussuudadaiug

FHNITNARDY | Mean (WX_) Std. Deviation t p-value
AOUAUTEUY 177.80 33.74 -1.281 0.232%
L4 YUY 203.20 38.32

*p>0.05 (Paired-Samples Test)

asmanuani 39 mdriifiinasnznouvesds o delimafuszundiaiuiuuuney

= a1 = o o w o
Lﬂ?ﬂﬂ!ﬁﬂﬂﬂﬂﬂﬂulﬂuigﬁﬁﬂQﬂﬂﬂu‘fj{

¥239N1INADDI Mean (F)E) Std. Deviation t p-value
NBUANIZUY 177.80 33.74 -3.837 0.004*
FEULA HAaY 250,90 42.51

*p<0.05 (Paired-Samples Test)

A15NMANIINT 40 mAstlfinasagneuveads oN delimsuszuvdedafufunune

wazRaUMIANeIMALS sudeufunsdnszudeiaiuguunnedy
Taglinrugumsifueinie

¥MATVABDS Mean (X) Std. Deviation t p-value
AR 223.67 50.06 -0.249 0.827*
Taianuqu 233.67 22.50

*1>0.05 (Paired-Samples Test)
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{ ar = o i = o o e d
ﬁ'l'li']ﬁﬂ'lﬂﬂu'lﬂﬁ 41 ?{1ﬂﬁfﬁﬂiﬂ1ﬂ§ﬂ$ﬂﬂuﬂlﬂ§1ﬂﬁ DN Aﬁaﬁm‘mus::uumﬂm'mguuummu

= @ 1 = ¥ & @ d
llﬁﬂﬁlﬂﬂUﬂUﬂﬂulﬂu53U1Jﬂ\?tﬂﬂ1'lu‘§

FAIMINADDY Mean (X) Std. Deviation t p-value
AOUIAUISUY 187.00 33.92 -0.334 0.746*
FZUL4 VU 192.70 26.38

*p>0.05 (Paired-Samples Test)

i t oo = ar 4 - @ v o ow &
ﬂﬁ'l\‘lﬂ']ﬂﬂu’)ﬂﬁ 42 ﬂ?ﬂ%ﬁﬂiﬂ?ﬂiﬁ&‘ﬂﬂuﬂ]ﬂﬁﬂﬁ DN Lﬁﬂllﬂ”l'iLﬂuﬁgﬂ‘l}ﬂ\?ﬂﬂ'ﬂuﬁ‘uﬂﬁﬂﬁu

4 @ 1 = @ & e &
nfisuineuduneu@ussundiaiug

FUNTINADDS Mean (X) Std. Deviation t p-value
AOUIANIEY 172.33 45.98 -6.687 0.000%
52UV HEY 229.50 32.10

*p<0.05 (Paired-Samples Test)

asumanuInd 43 AwsihlSunsnzneuuesds DN dislimadussuudesiaiuiuuumay

= ar = a ar a4
uagmugumsfsemalisunhsiumsfussyudadaiuguuuses
Taglinaugunsduermsa

¥9NITNADDY Mean (—)E) Std. Deviation t p-value
LN 266.67 31.21 2.294 0.149*
Tiinauguy 217.67 6.03
*p>0.05 (Paired-Samples Test)
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