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The Characteristics of Microbial Population Community Structure by an Addition of

External Carbon Source in BNR Process for Low C/N Ratio Sewage Treatment

Cho-Hee Yoon

Department of Environmental Engineering, Kyungnam University

ABSTRACT : This study investigated the characteristics of nitrogen removal and microbial community in a lab-scale A>O activated sludge
process filled with the fluidized media at an aerebic basin. The change of microbial community was monitored based on quinone profiles
of activated sludge according to feeding sewage with/without external carbon source. Low C/N ratio(CODc/T-N of 1.24) sewage was fed.
The obtained results from this study were as follows; Ubiquinone(UQ) in the influent was in the descending order of UQ-8, UQ-10 and
UQ-9. Menaquinone(MK) was simpler and much less than UQ. The ratio of UQ/MK was less than 0.41 and the dissimilarity was below
0.26. Without an external carbon source, MK-8 was the dominant species and there were 3 kinds of quinone species and low DQ and EQ
values in an anaerobic basin. The ratio of UQ/MK increased to 2.3 in an anoxic basin. In an oxic basin, UQ-7 and UQ-8 were the
dominant species. UQ-7 was dominating in suspended microorganisms, while UQ-8 was in attached microorganisms. With an external car-
bon source addition, MK-8 decreased but UQ-8 increased in an anaerobic basin. So did quinone species, DQ and EQ values. There was
also a change in an anoxic basin with the improvement of denitrification. UQ-8 decreased instead, MK-7 and MK-8 increased. UQ/MK
ratio decreased 2.3 to 1.4. It means that the dominant species change from Pseudomonas sp. to Bacillus and Micrococcus species. etc.
In an oxic basin, UQ-8 replaced UQ-7 in suspended microorganisms and UQ-10 replaced UQ-8 in attached microbials. This seemed related
with the growth of Nitrosomonas and Nitrobactor species.
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Fig. 1. A schematic diagram of the experimental apparatus.
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Table 3. Quinone composition into influent sewage collected

dry weather wet weather

Ago] AHEE KYSEFETALS 2PAFe]  Ubiauinone
o AR FH SAS 24 dete] BaR Awa QT - - o0 - 0006
FE Table 3o ATt oA e =Au|Z e UQ-8 0.501 0479 0487  0.494 0.613
Zrolth A= 47:1_‘4, LA AAZ B Xﬂﬂé‘}_ﬁl‘—‘} uQ-9 0.093  0.109 0.102 0.093 0.223
UQ =49 Hl&S UQ-8>UQ-1>UQ-9> 7|Ele] &0 UQ-10 0.115  0.112  0.114  0.180 0.114
AT selM MK BEE S A9 uhLo}oq Menaquinone
o} Weealn, 22 MK-67F SAZo|gom 74 §4l MK-6 0.076  0.160  0.160  0.122 0.019
MK-7 0.077  0.057  0.042 0.050 0.007
Table 1. Treatment performance of CODc; and nitrogen with/ MK-8 0.063 0053 0.036  0.013 0.008
without external carbon addition MK-9 0.016 - 0.004 - -
emoval MK-8(H) - 0022 0032 0023 0.005
items influent [mg/L] | effluent [mg/L] efficiency[%] MK-9(Hs) 0.032 i i 0.013 0.002
COD¢; | 28.1~52.0(37.6) | 13.2~28.0(19.1) 49.1 MK-8(Hy) - 0.009 0.014 0.009 -
il NH,N | 15.2~22.1(18.8) | 1.0~6.3(2.6) 86.3 MK-9(Hs) 0.025 - - 0.001 -
NOx-N | 4.1~29.8(13.8) [17.0~35.1(24.3) -75.4 MK-10(Hs) - - - -
TIN 23.0~40.9(32.7) {20.0 ~35.9(26.9) 17.8 etc. - - - -
COD¢; |21.0~31.0(24.2) | 15.0~22.0(17.2) 28.9 MK/UQ 0.409 0429  0.403 0.302 0.044
i NH,'-N | 154~21.4(18.9) | 0.3~0.6(0.5) 97.6
NOx-N | 3.7~12.8(9.2) | 3.0~6.15(44) 525 Table 4. Quinone dissimilarities(D(ti,t2) values) in sewage sam-
TIN 19.1~31.8(28.0) | 3.4~6.75(4.8) 82.9 ples
Sample ‘ dwl d.w2 d.w3 d.w4 w.wl
Table 2. Variation of biomass amount in each basin(unit ; g) dwl 0.130 0.148 0.143 0.254
oxic dw?2 0.040 0.100 0.260
anaerobic | anoxic total
suspended | attached dw3 0.097 0.251
run#l 18.1 22.6 21.5 20.3 82.5 dw4 0.256
run#2 17.8 21.3 22.7 55.8 117.8 ww 1
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Table 5. Quinone composition of run#l without external car-
bon addition

anaerobic  anoxic oxic media  effluent
Ubiquinone
uQ-7 - - 0.587 - -
uQ-8 - 0.473  0.162  0.639 0.473
UQ-9 - 0.090  0.021 0.023 0.110
UQ-10 0.038 0.135  0.042 0217 0.248
Menaquinone
MK-6 0.008 0.114  0.058  0.038 0.046
MK-7 - 0.034  0.023  0.020 0.030
MK-8 0.954 0.023  0.013  0.009 -
MK-9 - - - - -
MK-10 - - - 0.002 -
MK-11 - 0.006  0.001 - -
MK-12 - - 0.004  0.001 -
MK-7(Hz) - 0.032 - 0.003 -
MK-8(H,) - 0.034 - 0.015 0.034
MK-9(Hz) - 0.035  0.032  0.011 0.018
MK-10(H,) - - 0.003  0.007 -
MK-11(Ha) - - 0.002 - -
MK-8(H4) - 0.015  0.017 - 0.026
MK-9(Hs) - 0.008  0.019  0.009 0.016
MK-10(Hs) - - - 0.005 -
etc. - - 0.017 - -
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Table 6. Quinone profiles of process for run#l

anaerobic | anoxic oxic media | effluent
UQ/MK 0.010 | 2319 | 4319 | 7264 | 4882
QC*[pmol/L]| 6.10x107 |3.94x107 | 1.26x10™ | 1.27x10™ | 1.40x10°

DQ 1590 | 8229 | 7.822 | 5.641 | 6307
EQ 0530 | 0686 | 0522 | 0376 | 0.701
n 3 12 15 15 9
fd 0954 | 0473 | 0587 | 0639 | 0473
D** MK-8 | UQ8 | UQ-7 | UQ-8 | UQ-8

* Quinone Contents, ** Dominant quinone

0, s

e

U.E2h

Aroxic  Effipgny Media Oiwic Anaprabic

Fig. 2. Cluster analysis of quinone profiles based on the dis-
similarity(run#1).

0012 J714 mldEo] Bol EAsler, 4725 Al
93t FAIME UQMKHIZF 2.3 ooz 5714 wAE
o] 7|14 wAERT Bo] EAEAL, 53] 371 HFE
ARl A UQMKFRe] 7262 F714 wAEe] EA97}
7 =Tk

Fig. 2= run#19] A& 0 BIRAMIS FAIHo2 3
At TR Aol AT FelxH Aotk iR
AR=ZE 19l 7R e Aed B2F s b=
the AL ot Bikazx, 250 A=RBIe b4
AR=ZE 0152 A=RETE M frAREA
OE HheEe HIRARET 0952 F=

2 FUA 2 vk vAE FRTERE Table
79 FA=EEES A5t At AE Table 89 ERY

A S-S FACN=24)3]
e TR R WSkE AR Aot dvlE, ks
=

o] 3 mAEIUE Fr|x, itz T7|Z24A DQ
T 88 Fw=Fo| XA HFYART thdsht, F
A BAZAAE SALHE, EQE 0.7 AEE ZF A
A FAEFol Fddta FHF(UQ-Y)ol AAFH= EREE
oF 0352 ARG 7 34 A Yehd A=A E
TFE UQ 4%, MK 8502 ¥ 12F°] Yehgth Fika
Z A UQMKHIZ} 2.3(run#1)ol A 1.4(run#2) 2 SoldE
tl °]& UQ-82 1, MK-7% MK-8°] 37}t ARz, o]

thetetd5sts|X| 303 8=, 20084 8



836

% 3]

Ho
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Table 7. Quinone composition of run#2 with external carbon

addition
anaerobic  anoxic oxic media  effluent

Ubiquinone
uQ-7 0.004 0.004 0.010 - -
UQ-8 0.368 0.330 0.376 0.304  0.283
UQ-9 0.150 0.158 0.175 0.178  0.136
UQ-10 0.104 0.092 0.116 0.418  0.406
Menaquinone
MK-6 0.073 0.009 0.059 0.018  0.040
MK-7 0.076 0.099 0.060 0.021  0.048
MK-8 0.073 0.100 0.067 0.022  0.014
MK-9 - - - - -
MK-10 - - - - -
MK-11 - - - - -
MK-12 - - - - -
MK-7(H») - - - - -
MK-8(Hz) 0.057 0.077 0.053 0.017  0.028
MK-9(H,) 0.049 0.066 0.043 0.019  0.027
MK-10(H,) - ; ; ; )
MK-11(Ha) - - - - -
MK-8(Hs) 0.037 0.053 0.033 - 0.018
MK-9(Hs) 0.008 0.011 0.007 0.003 -
MK-10(Hs) 0.001 0.002 0.001 - -
etc. - - - - -

Table 8. Quinone profile analysis for run#2

anaerobic | anoxic oxic media | effluent
UQ/MK 1.671 1.400 2.092 8.909 4.708

QC*[umol/L] | 7.63x107|7.24x107 | 4.32x107 [ 1.02x10™ | 1.97x107

DQ 8.840 | 8.848 | 8752 | 5795 | 6455
EQ 0737 | 0737 | 0729 | 0644 | 0.717
n 12 12 12 9 9
fd 0368 | 0330 | 0376 | 0418 | 0.406
D#* UQ-8 | UQ-8 | UQ-8 | UQ-10 | UQ-10

* Quinone Contents, ** Dominant quinone
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Fig. 3. Cluster analysis of quinone profiles based on the dis-

similarity(run#2).
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