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Effects of nitrification on filamentous growth of activated sludge. Susumu HasEGAawa,
Keisuke Fukui, Svouyr Hirota, Masamoro NakAjmMa, and YosHMICHI MAEDA*
(Department of Chemical Engineering, *Department of Applied Chemistry, Himeji Institute
of Technology, 2167 Shosha, Himeji 671-22, Japan) Hakkokogaku 63: 525-533. 1985.

The relationship between nitrification activity and filamentous growth of activated
sludge was studied using various artificial wastewaters on a laboratory scale by both
continuous and batch reactors.

The wastewaters, not only with a high C/N ratio but also with a low C/N ratio, had
a tendency to produce filamentous bulking when the nitrification was not active. The
extent of nitrification was evaluated in terms of (oxidized nitrogen)?2/(total inorganic
nitrogen); when this was above 20 mg/f! the filamentous growth was suppressed. Ac-
cording to Eikelboom’s method the filamentous microorganisms were mainly Sphaerotilus
natans and Type 1701. Type 0961 was found only when wastewater containing much
peptone was treated. The effects of nitrification on the filamentous growth in the
batch runs were similar to those in the continuous runs. The measurements of oxidation

reduction potential were correlated to the extent of nitrification of mixed liquor.
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Table 1. Composition of artificial wastewater.
C/N Starch ‘Zi?tdic Peptone Urea (NH.):SO4 Allylthiourea
SP-3 3 1.05 19. 84
SP-10 10 18.89 6. 80
SN-3 3 28.20 19. 80
SN-10 10 128.20 5. 60
SU-3 3 18.10° 6.76
SU-10 10 21.78 2.02
AU-3 3 18.51 6.23
AU-10 10 '21.94 1.82
SPT-3 3 1.05 19, 84 1.0
SNT-3 3 28.20 19.80 1.0

Other components: Yeast extract 1.0, NaCl 1.0, MgSO, 0.6, KH:PO, 2.8, KCI

2.0 (g/1).

When used, the wastewater was diluted to 200 mgCOD// (continuous

runs) and 1100 mg// (batch runs) with water.

BE GERQERTIIH 200 mg//, BISAEBRTIRA
1100mg/l) &AL DICHERLI.
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WEEE R B (SRT) i3, BRI&RERY S
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Fig. 1. Operating conditions in one cycle of each batch process (A to F).

Run no. A B C D E F
C/N ratio 3 3 3 10 10 10
Air flow rates (//min) 3 1 3 3 1 3
Cycle pattern I I I 1 I I
SRT (days) 10 10 10 10 10 10
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529 3 RIRME% Bergey® B XU Eikelboom!® dDF
B -THETE L, 2EAEDES Sphaerotilus
natans ¥ 72138 D Type 1701 T& »7zd8, <7}
vAEERSET B HEK (SP-3, SPT-3) Ti3, »iEhk
D Type 0961 HsEHE L7-.

Table 2. Performance of activated sludge process fed various artificial- wastewaters.

Sp-3 SP-10 SN-3 SN-10 SU-3 SU-10 AU-3 AU-10 SPT-3 SNT-3

SRT (days) 20-10* 20-10* 20 20-10% 20 20  20-10* 20-10* 10 10
COD loading (kg/kged) 0.40 0.67 0,52 0.51 0.69 1.08 2.23 0.8 0.64 0.57
Effluent pH 4.7 7.5 5.9 7.1 6.5 7.4 7.9 7.1 7.9 7.3
Initial SVI (ml/g) 130 184 78 493 168 162 125 270 152 80
Final SVI (ml/g) 195 434 84 1421 76 805 520 650 234 1602
COD removal (%) 83.5 80.2 87.0 83.0 655 925 92.5 925 84.7 79.5
NH,*-N (mg/l) 1.16 0.70 15.52 0.8 854 0.39 0.20 0.77 19.44 31.84
NO:-N (mg/l) 0.12 0.97 0.46 0.06 9.13 0.31 0.31 0.46 0.06 0.06
NO;™-N (mg/l) 26.48 2.82 14,68 2.26 16.95 8.36 10.17 2.19 0.57 0.55
Filamentous growth** + H + i + Ht i it H ik
Dominant Type 0961 1701 1701 1701 ? 021N Sk Sokkk (0961 S dekke
NOxw (mg/l) 25.5 3.2 3.78 1.7 19.6 8.3 10.3 2.1 0.02 o0.01

* The SRT was shortened from 20 days to 10 days.

** Filamentous growth in activated sludge

## very much present (in a microscopic field)

## much present

H always present

+ frequently present

+ occasionally present
**%S,: Sphaerotilus natans
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Table 3. Performance of activated sludge process under control of mixed liquor pH.

SP-10 SP-3 SP-3 SN-3
SRT (days) 20-10% 10 20-10%* 20-10%
Mixed liquor pH 5 7 8 8
COD loading (kg/kg+d) 1.02 0.57 0.42 0. 87
Effluent pH 5.0 7.0 8.0 8.0
Initial SVI (ml/g) 170 147 180 84
Final SVI (ml/g) 142 171 176 1212
COD removal (%) 76.6 86.8 88.9 84.4
NH-N (mg/!) 3.88 0.39 0 0.08
NO:-N (mg/?) 0.08 0.3 0.15 0.19
NO;™N (mg/?) 1.13 25.98 20.33 35.01
Filamentous growth +H + + i
Dominant Type 1701 ? 0961 1701
NOsxw (mg/!) 0.29 25.90 20.48 36.12

* The SRT was shortened from 20 days to 10 days.
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Fig. 2. Effects of nitrification on SVI (measured as
index of filamentous growth).
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THD,® JFE,® Chudoba 5P |3, MLSS &g

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

530 BB

#5 BETY F63%

@
E
>
n
1 1. 1 1
0 4 8 12 16 20 24
Time(h)
Fig. 3. Changes in SVI under various operating
conditions.

-O~, A; -0+, B; -00-,C; -@-,D; -A-, E; -B-, F
Run A to F and punctuated times in one cycle
are identical with those in Fig. 1.

OELicd 3 SVI DEOEBIITEEED L WER
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Changes in DO and COD in batch pro-

Fig. 4(a).
cesses.
-O~, DO; -A-, COD
Run A to F and punctuated times in one cycle
are identical with those in Fig. 1.
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WEERLEZEDB LT ETRERMARILLTY
7o &7, C/N HENEL, BEREDB L Uit
BizB T H, hi2h ORREESEES . Palm
5213, BEMEA DO SRREBOHMMEIKET 2
EHELTWE Y, AHETIE, C/N HO/MhSVEE
KB TREEOKELEEICED Dhi.
H{LDKE  Fig 4(a) KEBAWA COD BXU
DO D#EmZ L%, 7, Fig 4(b) ic g EeEMGH (St)
& SVI OBFERYT. CCT, BRI, BYE
LTSV BRI X UMK COD 32— ElERT
R Ui, 7235, R, H8013, SUBRMIH: 46 1L

Table 4. Performance of activated sludge process under various operating conditions.

A B C D E F
Initial MLSS (mg/!) 2900 3270 3950 4670 4330 3330
Final MLSS (mg/I) 1680 1910 2300 2480 2340 1900
COD loading (kg/m3-d) 0.53 0.53 0.53 0.59 0.59 0.59
Reactor pH 5.0-6.8 6.8-7.7 6.6-7.6 6.5-7.6 6.0-7.4 6.2-7.8
SV1 (ml/g) 107 134 127 327 319 90
COD removal (%) 96.3 95.6 90.5 96. 4 95.9 94.9
Filamentous growth 0 H + H Hit +
Dominant Type — 0961 0961 0961 S. natans 0961
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Fig. 5. Changes in NOxw in batch processes.
-O-, A; -A-, B; -@-, D; -A-, E
~O~, A (SRT=5 days)
Run A to E and punctuated times in one cycle
are identical with those in Fig. 1.
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Fig. 6. Relationship between ORP and concentra-
tion of inorganic nitrogen compounds.
-O~, In N;; -@-, ORP
Run A to C and punctuated times in one cycle
are identical with those in Fig. 1.
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Ey=Eop+(RT/2F)In{(NOs7)/(NO27)} (2)
O RXBLT @ R&D
E=Eo+(RT/6F)In [(NO;~)}(H*)?/
{(NH*)(NOz7)%}] (€©))
i DEYEELRISICER T % pH (L2 HEET 2 &,
BRFD (H*) 13 (NO:7)+(NOs™) D 2 f5 4B L A5
#¥2DTRRLDWABELNS.
EIn [(NOs7)¥(NOz7) +(NOsT)}/
{(NH+*)(NOz")?}]=In Nr 4.
Fig. 6 |3, ORP & In Nr OBFEARLI-dDTH
3. Htho4e7o v + OEERR
ORP=51.89+23.331In Nr
THy, HBEKIZ0.861TH 7. BLONFYF
3B 505, HRODOHEEBELNTNS. #-T, &
RUEMWIDHFITESLR (BIZE, C/N Ho/hE»
HEREMBLTHBHE) KBWT, ORP MENES
AT EE BRIE, LU4BOHEAEAR) Icid v E
VIOTREREFRTECLNTEETHA.

3 #

EEE X URISMERT, HKERPBIEREEE
{L2ET, WEOETBHRRE SVF v JICRIZTE
BICOWTHENIET A, ROBEEBELNI.

(1) BLO#ETZE “NE” BLEZEREE NOxw T
HMLicET s, COEMNELE 20mg/l PIETHR
RieovF v 7 HBIEI v,

(2) NOxw DfEIZ, HAKDMRRICE D KE L EEX
1, C/N /N WHEKTH - THRIBT vE=D &
DXIKT Y E=TRERESBICETHIKIL, NOxw
DEHEL, & pH 12 & DMFIRFHEF Huid v+
v IEELBOERmICH - 7.

() =7t vEERSETHEKTIR, ORP &
{LDEFTITHIS Y OFEMBD D, B LITERICETL
TR HRTIE, BIEARREASKD ORP itk
v ERFRTE 3RS RBI N,

ic =

(NOx-N) : oxidized nitrogen concentration, mg//
(Nt): total inorganic nitrogen concentration, mg//
£ : oxidation-reduction potential (ORP), mV

Lo :
F : faraday constant, C/mol

standard oxidation-reduction potential, mV

R : gas constant, J/mol-K

7 : absolute temperature, K

(NH*), (NOz™), (NOs™): ion concentration, mol//
7272L, ME»S@RATRE, ELLRERZER
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