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Effect of Nutrient Composition and Air Regulation on
Bulking in the Activated Sludge Process
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ABSTRACT

The change in filamentous bacteria appearance was observed by adjusting factors such as organic and nutrient con-
centration of feed wastewater and the aeration rate in the reactor. In case that COD:N:P and DO were 100:10:1 and 6.1
mi/l respectively, the mean SVI was 122 mi/g and the filaments were developed normally in flocs. For the low DO con-
dition, however, the SVI averaged 186 mi/g and the appearance of outgrowing filaments were more frequent. When the
high organic was supplied into the reactor, the average SV1 was 274 ml/g and the distinct filamentous bulking was
observed. Meanwhile when COD:N:P was maintained at 100:1:0.5, the SVI was as low as 87 ml/g and the appearance
of filaments were minimal and the size of flocs was small comparing other experimental conditions. For normal, low
aeration and high organic concentration, predominant filaments in the early stage of experiments were commonly Type
021N, S. natans which were usually found in low DO condition. However, Type 041, Type 1851, Type 0961 became
predominant as experiments extended. Meanwhile, in low nutrient condition, Type 0675, Type 1851, and Type 0961
were observed. The filamentous bacteria appearance for SVI< 150(m//g), Type 0041, Type 0961(usually low organic
in feed wastewater) were predominantly observed and SVI > 150(ml/g), S. natans and Type 021N(usually low DO in
aeration basin) was predominant.

Keywords: Bulking, Filamentous organisms, Activated sludge process, SVI, Floc
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Subjective scoring of filament abundance'’

Numerical Value Abundance Explanation
0 none No filament observed
1 few Filaments present, but only observed in an occasional floc
2 some Filaments commonly observed, but not present in all flocs
3 common Filaments observed in all flocs, but at low density
(e.g., 1-5 filaments per floc)
4 very common Filaments observed in all flocs at medium density
(e.g., 5-20 per floc)
5 abundant Filaments observed in all flocs at high density
(e.g., >20 per floc)
6 excessive Filaments present in all flocs-appears more filaments than floc and/or filaments

growing in high abundance in bulk solution

3} o), AP 2 AREQ 2O, sulfur deposit®] H-5,
Gram ¥4 Neisser 34 B4 & 285 0h

4) AP At 4

AP Aol 82 AP Al BAE EQE
Eikeboom and Van Buijsen'?oll 2sled & A€
] ZollA A (cell septa) 322 EA) 5ol 9t
FA9 HE&E tih E0|Z Gram G 3 AR

Table 2. Composition of synthetic wastewater

Condition Normal High Low Low N, P
. (mg/l) organic DO  concentration

Chemical (mg/ly  (mg/]) (mg/l)
Glucose 44 13.2 44 44
CH;COONH, 0.25 0.75 0.25 0.03
Sodium Glutamate 0.35 1.05 0.35 0.05
NH,Cl1 008 024 0.08 0.02
KH,PO, 004 0.12 0.04 0.01
K,HPO, 0.04 0.12 0.04 0.01
CaCl, 005 0.15 0.05 0.05
MgSO, - TH,O 008 024 0.08 0.08
MnSO, 0.025 0.075 0.025 0.025
NaCl 008 024 0.08 0.08
FeCl; - 7TH,O 0.004 0012 0.004 0.004

=48 AT SestE F7I3F Jenkins TVl 23 Wy

o wzict.

4. Mgy

Fde) kR st FizE wE w33
2 AES FAEY] Hsle] AskrsEAEe] &
71zeA 22 FAHRAZ FYsE A-AA AHAS Al

Z oF 13U 48 V|7 AZl & Table 2, 300
Ao} o] AR ZAE e A2 o}
2 FYrE Fojsima At &, Har)l ol

El

55 AST

% o
oz

o

Yol

R

L]

Ho

8

(<]
A371e] FE Ao w FHI WSEMB), FYTY
COD:N:P¢] Hl&o] F= el WHe-3(C), N P}
ALH FUFE AR 2R U] 43

1. GAA T2 DO2| A

A FEEEAe A @ odA dudgdRHe oA
olztol] o]t WP BAE AT sl (A)
HES-F2] COD:N:PY HIE-S 100:10:1% 3t A4

Ho

Table 3. Experimental condition of lab-scale activated sludge process

Condition Influent  Influent Influent Influent Air MLSS M SVI
flow rtate CODecr T-N flow r?te (mg/D) (gCOD/d/gMLSS) (milg)

Reactor (m//min) (mg/l) (mg/l) (mg/l) (m//min) (mg/l)
Normal (A) 1 130.8 14 2 2610 0.2 88.12
Low DO (B) 1 130.8 14 0.5 2620 0.2 88.21
High organic (C) 1 310 63 2 2630 04 91.25
Low N,P (D) 1 176.4 2 2 2580 0.2 79.46
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Table 4. Floc characterizations and features in the activated-sludge process with sewage wastewater

Reacter Type of activated-sludge process
normal Low DO High organic Low N, P condition
Condition l4day 2lday 30day 14day 21day 30day l4day 21day 30day ldday 2lday 30day
Filament Abundance Com S F Com Com S A E F F F N

Filament Effect on LN LN LN LN

Floc Structure

Floc Morphology of Floc

Size(um) (% in range) 500 600 300 500

OF OF Br Br LN LN LN

WV WILDWILDWLDWILDWILD FLC WR CWILD WLDWILDWILD
500 600 750 600 400 900 150 300

*N : none; F : Few; S : Some; Com : Common; A : Abundant; E : Excessive
*LN : Little or None ; Br : Bridging; OF : Open Floc Structure
*F : Firm; W : Weak; R : Round; I : Irregular; C : Compact; D : Diffuse
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a : 8 natans b : Type 1851 ¢ : Type 0961
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g : Type 0675 h: Type 0581

Fig. 4. Filamentous bacteria found in activated sludge process (a, b, ¢, f, g and f : phase contrast ; d and e : direct illumination light,
Gram stain ; all 1000X).

Table 5. Rank and abundance of identified filamentous organisms in the activated-sludge process with sewage wastewater

Type of activated-sludge process

Reactor

Normal Low DO High organic Low N, P condition

Filament l4day 21day 30day l4day 2lday 30day l4day 2lday 30day 1dday 21day 30day

Type (R/A)  (R/IA)  (R/A)  (R/A)  (R/A) (R/A) (R/IA) (R/A) (R/A)  (R/A) (R/A) (R/A)
S. natans (3/20) (1/45)  (2/30) (2135) .
Type 1701 (2/35) -
Type 02IN  (1/50) (3/120) R0y (155  (1/90) -
Type 0581  (2/30) (3/10) -
Type 0041 (1/60)  (1/60) (3/20)  (1/80) -
Type 1851 (2/40) (1/50) (2/10)  (2/30)  (2/30) -
Type 0675 (1/70) -
Type 0961 (2/40) (1/70) /100y -

*R/A : Rank/Abundance
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