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A Study on the Growth Characteristics of Commercially Developed
Nitrifying Bacteria and its Application to Activated Sludge Process
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Abstract

The growth characteristics of Commercially Developed Nitrifying Bacteria (CDNB) were studied in laboratory-
scale. CDNB, a pure, artificially isolated bacterium, was cultivated to produce Cultivated Nitrifying Bacterium
Group (CNBG). The average ammonia removal rate of CDNB was 0.0234g NH}-N/g MLSS/hr. CNBG was
produced in the batch reactor and Specific Nitrification Rate (SNR) was determined at 0.0107g NH;-N/g
MLSS/hr. The SNR of CNBG was lower than the SNR of CDNB because the diverse and multi-cultured
microbial growth took place during cultivation. The effect of the temperatures and the mixing ratios of sewage
and culture solution on the SNR of CNBG was studied. The SNR of CNBG, 0.0107g NH}-N/g MLSS/hr at
27°C, decreased to 0.0048g NH}-N/g MLSS/hr at 15°C, and temperature coefficient (©) was calculated to be
1.07. With the varied sewage mixing ratios, the SNR of CNBG remained unchanged. Activated sludge reactors
maintaining an MLSS of 2,000mg/L at HRT of 4 h were operated under conditions in which dosage of
Concentrated CNBG Solution (CCNBGS, 10,000mg MLSS/L) and application method of CNBG were varied.
The reactor with 20mL of CCNBGS took shorter time to oxidize NH}-N reaching 1mg/L than the reactor with
5mL of CCNBGS showing that higher dosages were associated with greater mass removal of NH3-N. However,
the total removal was not great. In terms of different methods of CNBG application, reactor seeded with 20mL
of CCNBGS took 3days to reach 1mg/L of effluent ammonia concentration while reactor dosed with 20% (v/v)
CNBG implanted media took 2days. Both the control reactor and the reactor dosed with 20% (v/v) media only
did not reach 1mg NH;-N/L after operating 18days. The reactor with CNBG implanted media had the highest
NH;-N removal rate because of maintaining high concentration of Nitrifying Oxidizing Bacteria (NOM), and is
regarded as an appropriate method for the activated sludge process.
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Fig. 1. Schematic diagram of an aerobic reactor for CDNB growth.
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Fig. 2. (a) Activated sludge reactor profile (b) Flowchart of the
modified activated sludge processes.
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Table 1. Operating conditions of two sets of four parallel reactors varied dosages of CCNBGS

Set1 Set2
R1 R2 R3 R4 R1 R2 R3 R4

pH 75+1

DO 3~4mg/L

Temperature 20°C
NH;-N loading 0.167kgNH ;-N/m® - day
MLSS 2,000mg/L 3,000mg/L
CCNBGS - 5mL 10mL 20mL - 5mL 10mL 20mL

T g Wo] Zolz} 10~20mme ASHA FAoz X #1S AT wrex #2,

#3, #4ol Zbzh of

o
1980l #30) golsha o 48AA 1854 8L L, 10nL, 2l 4 Fefsiel 2ol BE 35
oF RAlA

wavt B o2 AY @ 4 Q=S Hof Uk 4 o NHj-Ne| 5% 3l

Z£21#] (Seed sludge) 2 A 2] 472] NO;-NoJu NO;- u]-_O.o]] r0F= 7]?1’% fﬂ-ci}%}oﬂt‘r, 5":5} SESARY)
= o

Ne| ek g 9 fA5o] Aae) whgo] Tyl & el Zx
SA deA g a4Ad wh 24 7 99 B
(MLSS 5% o 9,000mg/L)& o] §3lsom, 81 L 27p1A $sisit
B A% A ZF5E Aol 39 ARt 5

ZEY et o] gatitt. 222 wjoke Asksl Al B84 v AE
vt Aaksl Aol AgibHel mE 584
21 M gE A Al 5 FEG e 2 GolRuA F 4709 b Fe] S & A (%
et 2,000mg MLSS/L) & 2| &a &, gz #12 A9 &
vl ke Aatsl A wEde FAF w2 A ukeR 20 s AuE 559 20mL Fo
st &S FH8] st & 9] d&A wkg silen whex Sde fEd FAE 20% S8
25 Aty on 7t whezo] %S Tablel Pa ¥z #4o= wjdy Aaksl AFdo] B39
of YERARITH 479 94 whe-Zo] MLSS ¥ @A E 20% FHsHen, 7 vk &4 2108

7} <F 2000mg/L7} S| =5 &A1& 4Fe 7 Wik Table2o] YeRATH

H AAarz AT + %9 (Concentrated CNBG Hhez 47| 7F Eote] §949 TSS &
Solution, CCNBGS: 10,000mg MLSS/L)< tZ ¥k 130~160mg/Le] HM$| 2 i 142mg/LZ JeC

Table 2. Operating conditions of four activated sludge reactors dosed with different applications

R1 R2 R3 R4
pH 75+1
Temperature 20°C
DO 3~4mg/L
HRT 4hours
SRT 10days
MLSS 2,000mg/L
o 20% (V) 20% (W)
Application - CCNBGS 20mL i CNBG implanted
Media Media
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Table 3. Characteristics of municipal wastewater

Item (Unit) Concentration (mg/L) Mean (mg/L)
pH 7.2~7.7 74
Alkalinity 150~250 185
TSS 130~160 142
TCOD,, 242~301 275
SCOD,, 64~105 88
TBODg 180~200 190
TKN 26.4~32.1 304
NH;-N 22.4~28.1 25
NO,-N 0~0.05 0.03
NOz-N 0~0.2 0.1
¥ TCOD,¢ ¥E+& 242~301lmg/L W= Ho 3. Alyzan o I
275mg/L& Yetgth. f9a2 TSS =7 718
Fxd e 9&S COD, Foz Aig Azt 3.1, 4YE Mol vt
1 3g COD,/g TSS= A Uehdt 4 &4 o FAE Aaksl Ao AAEALS GotEy] S8
o] COD, < f¥ete 248 Yetgrh. NHy-N  27°ColAq 2Aabs} Aldo] T3 A& HZS ol
TEE 224~28.1mg/Le] WAE H 264mg/LE  ofelgith. dAdoZ A}4E NHI-N Hxi& ujok
velbkon, TKN 5% 26.4~32.1mg/Lo] MARE  Z7]o] ok 120mg/LAlA 24A17F & oF 1Img/LZ &
i 30.4mg/LE YEbgT. A § (1993), A A ZAsart o|F NHi-N B&& AA3 i
(2004), A & (2004)0] g dEeA B slo] 3dFol o L4mg/LE o 9% #Ah&S o
#94 COD/TKN H|l 3.9~499 = T2 9.162  gugoen 4430 o 0.7mg/L2 740
2 Yehsked, ole frdsE AT steAelFel  NHL-NE vl 49 vho] ¢hd3] Abslelo] A4bs)
e AR AHE A9 STt FUEL BE o] 4o 2o duxdor 28HASS &
HEAHor F4E 2] A JE2FTE 7 AAeH, 257 v FE HAks} Aol 2 1
ol 7189 Hl&o] 7t Yehd 232 ARy ‘gg—/] =9 NH}-N&x WstE Fig 3o Ueh
m, §9 4745 Table 3o eI At 2719 NH{-N9| zHago] =4 Yehe o &
€ WGy Fol Aatst Al Hlgo] w3 NHi-N

2.3, 2AEy
AR A 4L 317] $l8te]
Ammonia, Nitrite, Nitrate- & $H3 2% o A HH 1}
Standard Methods®l] Vel W& o] 83lo] &4 3}
oﬂ ou:] 7L /\]?ﬂ zslioﬂ q]@ é.;g HHH %

[<] able 40"
vFERH ATt
Table 4. ltems and methods for sample analysis
=M= A
DO Standard Methods(Membrane electrode method)
pH TELASTAIYHOI2M=Y)
NOAN  SHeYUBTABHSBITY, CIOEY)
NO4 TEASTAE(SEELY, 220E)
NHJ -N Nessler methods(HACH)
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Fig. 3. NH;-N and MLSS concentration-time profiles in an
aerobic batch reactor for CDNB growth.
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of sewage (S) and culture solution (CS); the parentheses
above reactors are the volume based ratios of sewage and
culture solution (S:CS).
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