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Abstract

To study the characteristics of organic and nutrient removal by Bacillus species at high COD concentration of
influent, three lab-scale batch reactors(R1, R2, R3), each of which has different substrate composition, were operated.
More than 95% of NHs'-N and CODc: concentrations were removed under an aerobic condition, and their removal
efficiencies were found to be 22.6 and 90.5%(R1), 23.9 and 65.8%(R2), 30.2 and 86.4%(R3), respectively. The removal
efficiency of NH;'-N was high when an enough amount of NO;-N was supplied, and that of CODc. was low when a
high concentration of initial NO;-N was added. The amount of carbon utilized in denitrification was a little. In all
reactors, NOy-N was removed under an anoxic condition, but in the R3 reactor, 10% of NO;-N could be removed
even under an aerobic condition. The removal efficiencies of TN and TP were 41.8 and 49.5%(R1), 40.1 and 35.8%(R2),
47.0 and 57.6%(R3), respectively. Alkalinities destructed under an aerobic condition for each reactor were 4.96, 5.41 and
3.93 mg/L (as CaCOs) per each gram of NH,'-N oxidized, respectively, while 3.06, 3.17 and 2.60 mg/L (as CaCOs) of
alkalinities were produced for each gram of NO;-N reduced to N, The SOUR were found to be 38.5, 52.7 and 42.0 mg
Oy/g MLSS/hr, which indicated that Bacillus sp. had a higher cell activity than activated sludge. The OLR and sludge
production were estimated to be 0.69 and 0.28(R1), 0.77 and 0.20(R2), 0.61 kg COD/m’/day and 0.25 kg MLSS/kg
COD(R3), respectively. From the N-balance, the highest percentage(40.9%) of nitrogen lost to N, was obtained in the R3
reactor. From all the results, the possibility of aerobic denitrification Bacillus sp. has been shown and the B3 process
seemed to have two advantages: a little amount of carbon was required in denitrification and not much amount of
alkalinity was destructed under an aerobic condition.
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Table 1. Average substrate concentrations (mg/L) in each

reactor

Substrate Reactor 1 Reactor 2 Reactor 3
CODc¢, 1040 1155 914
NHs-N 349 363 Lyl
NO»-N 0 9% 1.8
NOs-N 0.2 03 158

TN 521 593 568

TP 39.0 35.2 429

methodE  AM&dte] 248tk NH/ N9 ¥& 2

alkalinity 2229l ZA o= z}7Z} Electrode method 9}
Titration methodE A}8-&91, NO,-N, NOy-N 2
PO P9 ¥5= 2% lon chromatography & A}-&-3}o] &
Astgon, TN3 TP »E& 7tz Ultraviolet
adsorption method$¢} Ascorbic acid reduction methodZ
ZAetATh ZE 42 Al Wl 2A AAsET e
#&(oxygen uptake rate; OUR)2 300 mL BOD® < DO
PTObeg‘ AA st 29 A7) Aol HEHdO,/dt)
FE FHst AjdstAd

=2

Jl}lv

#4030

NH« - N, NO2-N & NOs-N H7Hg

714 zAo]l T2 R1, R2, R3 Z+ ®gZo] 9lojA
Bacillus #3938 NHy'-N, NO;-N, NO;-N, CODc,
TN 3 TPe] F=AA 4389 23E Fig. 13 Fig. 24 4
el 2tk Fig. 1(@eld & F %ol NH'-N 55 62
e 371H Aol M Aibst whgo2 Qg diRE A
AU en, 18A]7H52te] 434 e e yrlA] 2-5%
Azt AAL A 27] NH-N 2o tig Rl, R2, R3
ezl NHS-N AASS ddmy zZzh 26, 239,
302% &AM, NH,-N¢} AAE NOs-N9| ¥/t 83 2
#ol 2 A% AAZE] we Aoz Yehdt ole
NH,"-N7} NO5-N¢J A AAJo] B 23 A3 A (electron
donor) 24 AgEo] A 7hFAlol o] Rt g4 ¢
g NOs-No| AAA 743 go] AHgHE AT AR Z2A
e Wego] 714 gury oz ALRE &), Cervantes et
al.(2001)[3] upflow anaerobic blanket reactorE A}-8-3t
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Fig. 1. Removed amounts of NH;"-N (a), No,-N (b) and
NOsN () by Bacillus sp. in each reactor under
aerobic and anoxic conditions. Error bars: mean®S.D.
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Fig. 2. Removed amounts of COD, (a), TN (b) and TP
(c) by Bacillus sp. in each reactor under aerobic
and anoxic conditions. Error bars: mean+S.D.
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Fig. 3. The alkalinity utilized (a), the specific oxygen

uptake rate (SOUR) (b) and the sludge production
(c) by Bacillus sp. in each reactor. Error bars:
mean*5.D.
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Table 2. Derived parameters for each reactor

mg NO;-N removed/

mg NOs;-N removed/

mg COD removed/
mg NH,"-N removed

mg NO;-N removed/

Reactor mg NH,"N removed mg NH;"-N removed mg COD removed
aerobic anoxic aerobic anoxic aerobic anoxic aerobic anoxic
R1 - 013 125 - 018 2.07 - 001 0.63 12.63 3.28
R2 0.77 2.35 - 036 1.28 - 0.03 0.61 1041 212
R3 - 016 434 0.10 7.77 0.01 3.38 8.82 230
Table 3. Nitrogen balance for each reactor (units: mg/L)
s . + . ) . : Final Nitrogen 2
Reactor Initial TN  Final NHy'-N Final NO,-N Final NO;-N . L. 1 % N lost
Organic-N  in biomass
R1 521 270 1.8 1.2 30.0 322 357
R2 593 276 21 3.6 733 18.6 37.0
R3 568 224 11.5 713 42 248 409

"Biomass composition was assumed to be CsH7ON.
9% lost N= 100X {(initial TN) - (final NHy"-N}) - (final NO;-N) -

Z+ oIXH X748 ¥ N-balance
ol Ate] Hlo|elt2R¥] BacillusttFo] 93+ z+ Qad A
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Tt AAHN e, O FAME R3 BExAAM M B
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