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Abstract

Bulking phenomena and scum formation are common problem in suspended growth system like the activated sludge plants for
wastewater treatment. Apart from wastewater composition, operating conditions, such as mechanical stress by insufficient
oxygen supply, are often decisive for the occurrence of a bulking or scumming problem. There were the comparative aeration
tanks in terms of sludge bulking caused by the difference of mechanical aeration facilities in the wastewater treatment plant of
N paper mill company. In this study the cause of bulking was investigated through not only the biological isolation and
identification but also a series of operational data consideration. On the basis of the investigation results for bulking cause, the
operational criteria on dissolved oxygen concentration was derived to decrease the bulking problem.
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Table 1. Dimension of wastewater treatment processes (line
No.2 of aeration tank)

Process Shape Dimension

Storage tank Rectangular ~ Capacity: 4,329 m°
Mixing chamber ~ Rectangular ~ Capacity: 180 m’
Flocculation basin  Rectangular ~ Capacity: 704 m®

1st settling tank Round ®=40 m, H=3 m

Pre-aeration tank Rectangular ~ Capacity: 900 m’

Capacity: 4,800 m®

Aeration tank (#2) Rectangular W=20 m, L=20 m, H=4 m

2nd settling tank ~ Round ®=40 m, H=3 m
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Fig. 1. Flow sheet of pulp wastewater trestment processes
at paper manufacturing company.

T #2225 ZU1BAY =FSE st FES AaHG
o]FolA A A3 glom, * HHE&F WIS LA H
£ A3dy QI thaY ofEHEs AL Utk 59,
ZIFAE AYslae SARA0 BIF #2-1 EVRE
#2-29F vlaste]l JUFH oz AP o AV H

< golth

22, A4 n|MES| EL|SH

HeAD3EY S BSAAH HHELS AHET
Hste] B AFedAe 5EdFd 38" AL 21879
DO T=8X &7, JAARE EA st AZde 37t
qx71z9 AFE A EE88 55 AAlsHAh

AR B EY 22§ WA= Table 29 #o| Eikel-
boom(1975)¢] el wE ARFHIeH WY 2=+
30°CollA AL, vl AIZHE 5~10U%F v skt
e #FES A8 BIAW F(x400~x1000)S AHESFA L
Gram stain, Nisser stain 2 negative staine d9H3 Stan-

P
il

1

Journal of Korean Society on Water Quality, Vol. 24, No. 4, 2008



il:]
ofn
ok

10

460

ik

I
O
2

Table 2. Composition of selective media for isolation and
identification of this study

Medium Composition

| Basal salt, glucose 0.15 g

GS Basal salt, glucose 0.15 g, N&S - 9H,0 0.187 g

ACS Sodium acetate 0.15 g, NaS - 9H,0 0.187 g,
Basal salt

LT Salt-vitamin mix, Sodium acetate

Solid medium Addition of 1.5% Bacto agar

dard Method(APHA et a., 1998) ¢]3] 3= Ach

8.5

300

250

- N
o =3
o =]

BOD concentration, mg/L
2
o

50 |

3. 2L U N o EfuentBon 22— mlaentph
— — — Effluent pH. #2-1 ~  ------ Effluent pH. #2-2
31. MEIBH $u P
HeA22de F2548S ZASH] st olgaty Operation time, day
FABXNES Aoy 1 A2¥d= 29 Table 3% 72 Fig. 2. Variation of pH and BOD for aeration tanks.
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Table 3. Water quality characteristics by the processes
Aeration tank .
Items Influent Eff. of Settling
Eff. of #2-1 Eff. of #2-2
BOD, mg/L 1,503 91
CODwy, mg/L 1,100 20
SS, mg/L 3,265 3,079 2,570 34
T-N, mg/L 18.516 17.580 16.672 6.900
NH3z-N, mg/L 2,536 0.576 0.270 3.210
NO2-N, mg/L 0.245 0.340 0.117 0.010
NOz-N, mg/L 11.906 11.364 9.830 3.230
T-P, mg/L 0.448 2.452 2.824 1.352
PO,-P, mg/L 0.393 2.114 2.620 1.248
S04, mg/L 1,690 2,134 2,090 -
n-Hexane, mg/L 0.000 0.000 0.000 0.000
ABS, mg/L 0.000 0.000 0.000 0.000

B EEE S| A| mM243 M4s, 2008
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Fig. 3. Variation of DO for the 3 divided chambers in the aeration tank of each line.
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Fig. 4. DO profiles in the aeration tanks depending on depth and sectiona length.
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Fig. 5. F/M ratio and MLSS in terms of operation time for
the aeration tanks.

Journal of Korean Society on Water Quality, Vol. 24, No. 4, 2008



462 =S -

2 AU delA A biel Zo] TR #2-2=
< DOO = BF3tal #2-1% FAME FIM H 2 75 0]A
A E g T4 A B FHol Us AL 44
g = 9tk U2 FM H9A Y Y2 DO ZAdAE H.
hydrossis®] 7ol ASAIT & #HeAg3gy 2|z
t E2 M HZE 2-HY o9t 22 AlFe &do| o
B FFolrh

33. StiAl AM H THEFEE 2
%

(QIIEZ ©hgd 4 (1)o] YRR o714 Qrel wet
%457 299

(Q+QNX = QrXr
Xr/X = (Q+Qr)/Qr 1)
o714, X : 7|29 MLSS(mg/L)
D9 ()

Qr: ¥ §Z(m/d)

O

A7 A (e Bed 4 Q9% 2ol f=AH

g 2
N
X
Q

& AT Az FAHA GES ohed 4eF &
212 wrEFolth. o7]A Xro] Xol| Hls| 5 WEES
AA 2R g der Xrol gastE = bulking 3E ©]
A Qrg FtiAIAC Aok

QX+QrxX = Qrxr

QX = Qr(Xr-X)

Qr = QX/(Xr-X) 2

& 4 @2 o8t FYL o= FEAA FHA

T FAZAA ol glo] £8AE FBAE F A=AE
A8 ¢ de 5&FFH(alowable flow rate, Qaiowavie) =
A 4 ot

Q = QrXr-X)IX 6

TS, 23 AAxAAY £ AFS A9AH B
(zone settling)E Uebdo. E59 27| A4S

Z7to whulE gt AA%9 SSEIEREE AAER
He &8A FaERrt FAXAAY £8A
ARz b &£HAE wlle $59 FET 3WH &
HAe FAZAAN A FHFHo] 25 AMZE LFH
Aok deAEFGAA AR dig FLAFERE
(dlowable SS loading rate, Gaiowaie)S THEY 4 ()9 2
o] At

Gallowaie = X(Q+Qr)/A 4

o714, A 1 ARZE FHA(surface areq)

TAEN ShREE K| M24A w45, 2008

40

30

20

SS loading rate, kg/m2/d

—1{— G allowable, #2-1 —O— G allowable, #2-2
— 4 — G operated, #2-1 - - @ - - G operated, #2-2

4 8 14 20 25 29
Operation time, day

Fig. 6. Comparison of SS loading rate between operational
data and calculated alowable values.

8 NG EFHCaonme = QUASH &A1Y IZLEAT
Heg A wet Fo] Jbestth a9 Fg. 62
AARE 7122 ALE 3 ESSHHGaiowaie) S AA &
A AP EHHCoperaer) T YEMIL 10, TV X #2-2%
oflet #2-1% sl &uPEFtET w4 AU ole
ZINZ #2-29) G2 AP L BAstuR RE ¥V F9 W
%H(recycle ratio) S A5A1A A7 wFolth 28y
whEu 9] S7ke 23 AAAY AP EFE FEA171L A
on o]g} T2 wduY FUtEE BFHO=E e AR
&9 A45E A Xk s € 5 AUtk
otd, A9PAEES SSe=9e #A= Dagger and
Roper(1985)ell ¢Jste] Eid wp lom, o9 Fig 72
50~350 mL/g¢] SvI W&ol AAA  EEEH A (return
activated sludge, RAS)9] SSE=o] mE 58 APt
& (Galowaie) S YERH L AT

390.6048

3417792 o 24.420m"/m’day — T
] . . .
16.280m’/nv’.d
1oomig |, J \( e
’ v e 3, 2
.
] N 4  ~12.210m/nr day
< ’ / e //
244.1280
4 150ml/g ’ ’ 2 ,
<4 ’ 7’ 7z .
: ’ A // . /’
195.3024 — 200mllg |— \ Z Z ~7 8.140m'/m’ day |
o Ve 7z - e
B ’ ’ 4 o
] 250mlig | 7.\~ »7 -7
146.4768 =
1 [a00mug} " 7 ’ ¢
] ! \ , 4 47 \tl}ﬂ)m’lmz.day
4 A - ,r e
97.6512 -—4 350milg |-« = =T
’ . i

292.9536

Solid loading rate, G allowable(kg/mz.day)

2.035m’/m’.day

| |

0.0000 f————r —————————————————————|
0 5 10 15 20 25 30

RAS suspended solid concentration, Xr (g/L)
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ger and Roper, 1985).
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Fig. 8. Photographs of filamentous micro-organisms identi-
fied in this study.
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Table 4. Digtribution of filamentous microbes at the two com-
parative points of aeration tank

Aeration tank #2-1 Unit: cfu/mL

Species of effluent

Species of mixed liquid

Filamentous microbes 198
Fungi 20

Sphaerotilus natans 20
Type 021N 60
Nocardia sp. 60

N. limicola Il O

N. limicola Il 0O
Microthrix parvicella 6
Type 1701 11
Thiothrix sp. 16
Beggiotoa sp. 3

Type 0041 2

Filamentous microbes 567
Fungi 55

Sphaerotilus natans 60
Type 021N 120
Nocardia sp. 250

N. limicola Il 5

N. limicola Il 15
Microthrix parvicella 7
Type 1701 18
Thiothrix sp. 26
Beggiotoa sp. 7

Type 0041 4

Aeration tank #2-2

Unit: cfu/mL

Species of effluent

Species of mixed liquid

Filamentous microbes 864
Fungi 30

Sphaerotilus natans 95
Type 02IN 150
Nocardia sp. 535

N. limicola Il 5

N. limicola III 10
Microthrix parvicella 5
Type 1701 10
Thiothrix sp. 18
Beggiotoa sp. 2

Type 0041 4

Filamentous microbes 1,054
Fungi 35

Sphaerotilus natans 75
Type 02IN 200
Nocardia sp. 625

N. limicola Il 5

N. limicola Il 9
Microthrix parvicella 9
Type 1701 12
Thiothrix sp. 36
Beggiotoa sp. 8

Type 0041 0
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