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Study on the Performances and Microbial Community in the Biofilm Process for
Treating Nonpoint Source Pollutants
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ABSTRACT : In this study, biofilm process was introduced for treating nonpoint source pollutants. The ceramic media were provided for
biofilm growth in the reactors. The packing ratio of ceramic media was 5% and 15(v/v)%, respectively. Thereafter, the reactors were
operated intermittently with the different interevent periods such as 0, 5, 10 and 15 days, respectively. The removal efficiencies of COD
and NH,-N were investigated at the different operating conditions such as media packing ratio, temperature, and interevent period. Addi-
tionally, Polymerase chain reaction(PCR)-denaturing gel gradient electrophoresis(DGGE) and INT-dehydrogenase activity(DHA) test were
conducted to observe the microbial community and activity in the biofilm. Consequently, the interevent period seemed to have no signi-
ficant influence on the COD removal efficiency. COD was removed within 6~8 hours at 25C and about 15 hours at 10C. DGGE
profiles showed that the initial species of microorganisms were changed from seeded activated sludge into the microorganisms detected in
sediments. INT-DHA test also showed that the activities of microorgnaisms were not decreased even in the 15 days of interevent period.
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Fig. 1. Operating procedure of the biofilm reactor for treating
non-point source pollutant.

Table 1. Composition of the synthetic wastewater used in this

study
Component Concentration(mg/L) Remarks
Glucose 60.0 Carbon source
NH,4Cl1 38.0 Nitrogen source
KH,PO4 2.8 Phosphors source
NaHCOs3 168.0 Alkalinity
KCl 18.0 Minerals
CaCl, + 2H,0 18.0 Minerals
NaCl 38.0 Minerals
MgSO, 14.0 Minerals
Yeast extract 5.0 Trace elements
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Table 4. PCR conditions used in this study

.. Packing ratio Temperature Interevent period DO
Condition £ P P

(%) () (days) (mg/L)
A 5 25
B 15 25 0,5,10,15  5.0+0.2
C 15 10
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Table 3. PCR primers used in this study

Primer sequence(5' to 3")
EUB 10F AGA GTT TGA TCM TGG CTC AG
EUB 1400R ACG GGC GGT GTG TAC AAG
EUB 340F CCT ACG GGA GGC AGC AG
EUB 518R ATT ACC GCG GCT GCT GG

EUB 340F-'GC GC - CCT ACG GGA GGC AGCAG
*GC :5- CGC CGC GCG GCG GGC GGG GCG GGG GC -3

Primers PCR conditions

9 min at 95 C, followed by 35 cycles of 1 min
EUB 10F/EUB 1400R at 95°C 1 min at 53°C, 2 min at 72 C followed
by 10 min final extension at 72 °C
9 min at 95 C, followed by 30 cycles of 1 min
at 95°C 1 min at 53 °C, 2 min at 72 C followed
by 10 min final extension at 72 C

EUB 340F or GC-EUB
340F/EUB 518R
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Fig. 2. Variation of CODc¢, concentration according to the reac-
tion time with different interevent periods in (a) condi-
tion A and (b) condition B; 0 days(@), 5 days(A),
10 days(L]), 15 days(O).
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Fig. 3. Variation of NH;-N concentration according to the
reaction time with different interevent periods in (a)
condition A and (b) condition B; 0 days(@), 5 days
(A), 10 days([]), 15 days(O).
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Fig. 4. Variation of (a) COD¢; and (b) NH4'-N concentration
according to the reaction time with different interevent
periods in condition C; 0 days(@), 5 days(A), 10 days
(), 15 days(O).
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Table 5. COD removal and nitrification efficiencies at 6 and
12 hours of reaction time in each condition

Interevent Condition A Condition B Condition C
period 6 hr 12 hr 6 hr 12 hr 6 hr 12 hr
(days) CE*NE® CE NE CE NE CE NE CE NE CE NE

5 72 30 77 53 36 81 79 97 11 1 71 59
10 80 15 82 29 43 24 83 71 9 3 74 14
15 79 9 79 15 64 27 81 62 9 4 56 5

* COD removal efficiency(%)
® Nitrification efficiency(%)
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5. Photographs of (a) ceramic media and (b) ceramic media with attached biomass after 15 days of interevent period.
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Fig. 6. DGGE profiles of 16S rDNA gene fragments; M: mar-
ker, A/S: seeded activated sludge, 0 d: interevent 0 day,
5 d: interevent 5 days, 10 d: interevent 10 days, 15
d: interevent 15 days.

Table 6. Sequences of extracted DGGE bands

DGGE Access No. Closest species in GenBank ~ Sources Similarity

band® (%)
N-1 AF094732 Pseudomonas fluorescens - 91
N-2 DQ419742  uncultured bacterium - 97
N-3 DQ792752 uncultured soil bacterium soil 97
N-4 ABI27860 bacterium DR2A-7G21  TOSHWAT g
sediment
N-5 AY711255  uncultured bacterium sediment 100
N-6 DQ838095 uncultured bacterium - 97

N-7 DQ105621 uncultured proteobacterium activated sludge 91

* Name of DGGE band in Fig. 6
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Fig. 7. DHA of condition A and B according to the different
interevent periods.
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