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Abstract

Trickling filter has been extensively studied for the domestic wastewater treatment especially for the small
scale plants in rural area. The performance of the trickling filter depends on the microbial community and
their activity in the biofilms on the media. Nitrification, denitrification, and phosphorus removal of the trickling
filter from the wastewater depend on the activity and the amount of the specific microorganisms responsible
for the metabolism. For the estimation of the performance of a trickling filter, batch nitrification experiment
and fluorescence in situ hybridization (FISH) were carried out to measure the microbial activity and its dis-
tribution on the media of the trickling filter. Batch nitrification activity measurement showed that the top part
of the 1Ist stage trickling filter had the highest nitrification activity and the maximum activity was 0.002 g
NH,-N/g MLVSS - h. It is thought that higher substrate (ammonia) concentration yields more nitrifying bacteria
in the biofilms. The dominant ammonia oxidizer and nitrite oxidizer in the biofilm were Nitrosomonas species
and genus Nitrospira, respectively, by FISH analysis. Less denitrifiers were found than nitrifiers in the biofilm
by the probe Rrpl1088 which specifically binds to Rhodobacter, Rhodovulum, Roseobacter, and Paracoccus.
Phosphorus accumulating bacteria were mostly found at the surface of the biofilm by probe Rc988 and PAO651
which specifically binds to Rhodocyclus group and their biomass was less than that of nitrifiers.
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Table 1. 16S and 23S rRNA-targeted oligonucleotide probes used in this experiment
Probe Sepecificity Sequence(5'-3") foi ; T(\Inilk/ll;’ Ref.
Eub338I bacteria | GCTGCCTCCCGTAGGAGT 12)
Eub338Il {bacteria group not covered by EUB338I and EUB 338111] GCAGCCACCCGTAGGTGT 20| 225 E
Eub338111 |bacteria group not covered by EUB338I and I;ZUB 338l GCTGCCACCCGTAGGTGT E
Alflb a subclass of Proteobacteria CGTTCGYTCTGAGCCAG 20| 225 (12)
Bet42a B subclass of Proteobacteria GCCTTCCCACTTCGTTT 35| 80 [12)
Nsol125 Ammonia-oxidizing B-Proteobacteria CGCCATTGTATTACGTGTGA | 35| 80 |14)
Nsm156 Nitrosomonas spp. TATTAGCACATCTTTCGAT 5 1 636 |14)
Ntspa662 genus Nitrospria GGAATTCCGCGCTCCTCT 40| 56 |15)
Nit3 Nitrobacter spp. CCTGTGCTCCATGCTCCG 40| 56 |4)
PAO651 PAO cluster CCCTCTGCCAAACTCCAG 357 80 {16)
Rc988 Rhodocyclus group AGGATTCCTGACATGTCAAGGG]| 0 | 900 }16)
wrss| oo S Bt | comaccoancriance o[ w0 |1

Percentage formamide in the hybridization buffer.
®Millimolar concentration of sodium chloride in the washing buffer.
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Fig. 1. Nitrifying activity of the biofilms of the trickling filter (Ist stage) at different filter depth. (A: Nitrifying activity
from the top part of the trickling filter, B: Nitrifying activity from the middle part of the trickling filter, C:
Nitrifying activity from the bottom part of the trickling filter) (@: NH,'-N, Hl: NO»-N, A: NO;-N)
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Fig. 2. Nitrifying activity of the biofilms of the trickling filter (2nd stage) at different filter depth. (A: Nitrifying activity

from the top part of the trickling filter, B: Nitrifying activity from the middle part of the trickling filter, C:
Nitrifying activity from the bottom part of the trickling filter) (@: NHs-N, H: NO»-N, A: NO;-N)
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Fig. 3. Specific ammonia oxidation activity of the biofilms at different bed depth. (A: Ist stage trickling filter, B: 2nd
stage trickling filter, @: top part, ll: middle part, A: bottom part)
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(A)
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Fig. 4. FISH image analysis of the biofilm in the trickling
filter for the distribution of all bacteria ([A]:
Eub338Mix - CyS5; [B]: DIC image). Bar = 50 um.
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Fig. 5. FISH image analysis of the biofilm in the trickling
filter for the distribution of ammonia oxidizing bac-
teria (Nsm156, Nsol225). [A]: Eub338Mix - Cy3,
Alflb - Cy3; [B]: Nsol125 - Cy3), Nsm156 - FITC;
[C]: Eub338Mix -Cy3, Ntspa662 -Cy5. Bar = 50 um.
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Fig. 6. FISH image analysis of the biofilm in the trickling
filter for the distribution of denitrifying bacteria.
(Eub338Mix - Cy35, Rrpl1088 - FITC). Bar=50 um.
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Fig. 7. FISH image analysis of the biofilm in the trickling
filter for the distribution of phosphorus accumulat-
ing organisms. (Rc988 - FITC, PAO651 - Cy3).
Bar=10 um.

13171 A e v =9

Z5ojo} o) =1
31‘4 2 Afdy FAe 37
o J7zdd x&d 71317} 74«1 glo} vl &
&4 n Y Eo] g EAITIETE HFe]

371, g@7] 236 1y
& %—é*l% F Atk 1

A3 71%¢ ZIdEre odta melg.
4. 4 &

Agradage] gl 2E v s dis] F4ksl 84
A9, FISH <3 datsl, 24, 2l v A2 AR
2y g 2L dES =E&sdrh

HAEE A & 498 T3 248 A5
Aarsl G2 13 AR AF R M =AW
g S & 4 At ole dEYoH Al 7]’5——101
718 A YehdE Agel7|e &1 waA
NA Fxo =58 NFGolA] Hakst &40] i‘:}-!—
gargth Aeaidel $ERU SEY, BT 23 A
gdzoME FAast gAgo] vetr]e vt 13 A
g9 FFH A vsMe ¥A vehdo
o) A3} AL 0.002 g NHe-N/g MLVSS - h 2k
< 2.

2) FISH 71 o2 Aoy FXo 348 v
E& AW A9 dRY o} iz of ALl 4hs)
FRUPo| Bxsgoen oo gtryo}l 3t
& Nitrosomonas, O+ AAY A &L NitrospiraZ Y}
12242



696 453 - 49

3) Rhodobacter, Rhodovulum, Roseobacter “12]1l
Paracoccus 4:2] €2 v A E- probe Rrp10883} A%}
sl §BE UeiE NAEE] 2o Y 3
Az} oA ERD F2 EEE JeEU ok

N R R C R EE P EESE VT
I} Rhodocyclus group (Rc988)7} PAO6519] ¥ S
selstgon $EFe Uk 4B 3 B
S oagon £z 48 Evd RERS FAY
% s,

e 2
¥ ATE 3471939 B4AYA Al s
Al =R o ol =g
IEn R
1) Amann R. L, Ludwig W., Schleiffer K. H., 1995,

Phylogenetic identification and in situ detection of in-
dividual microbial cells without cultivation, Microbial
Rev., 59, 143-109.

2) Woese C. R., 1987, Bacterial evolution, Microbial
Rev., 51, 221-271.

3) Hugenholtz P., Goebel B. M., Pace N. R., 1998, Impact
of culture-independent studies on the emerging phylo-
genetic view of bacterial diversity, J. Bacteriol., 180,
4705-4774.

4) Wagner M. G., Koops H. P., Flood J.,, Amann R.,
1996, In situ analysis of nitrifying bacteria in sewage
treatment plants, Water Sci. Tech., 34, 237-244.

5) John H., Birnstiel M., Jones K., 1969, RNA:DNA hy-
brids at the cytogenetical level, Nature, 223, 582-587.

6) Pardue M. L., Gall J. G., 1969, Molecular hybrid-
ization of radioactive DNA to the DNA of cytological
preparations, Proc. Natl. Acad. Sci., 64, 600-604.

7) De Long E. F., Wickha G. S., Pace N. R., 1989,
Phylogenetic stains: ribosomal RNA-based probes for
the identification of single microbial cells, Science,
243, 1360-1363.

8) Amann R. I, Fuchs B. M., Behrens S., 2001, The iden-
tification of microorganisms by fluorescence in

SR

situ hybridization, Curr. Opin. Microbiol,, 12, 231-236.

9) Wimpenny J., Manz W., Szewzyk U, 2000,
Heterogeneity in biofilms, FEMS. Microbiol. Rev., 24,
661-671.

10) APHA, AWWA, WEF, 2005, Standard Methods for
the Examination of Water and Wastewater, 21th ed.,
2-55~2-60, 5-14~5-18.

11) Manz W., Amann R., Ludwig W., Wagner M.,
Schleifer, K. H., 1992, Phylogenetic oligonucleotide
probes for the major subclass of proteobacteria: prob-
lems and solutions, Syst. Appl. Microbiol., 15, 593-
600.

12) Amann R. 1., Binder B. J., Olson R. J., Chisholm S.
W., Devereux, R., Stahl, D. A., 1990, Combination of
16S rRNA-targeted oligonucleotide probes with flow
cytometry for analyzing mixed microbial populations,
Appl. Environ. Microbiol., 56, 1919-1925.

13) Daims H., Brhl A,, Amann R., Schleifer K. H., Wagner
M., 1999, The domain-specific probe EUB338 is in-
sufficient for the detection of all Bacteria: Develop-
ment and evaluation of a more comprehensive probe
set, Syst. Appl. Microbiol. 22, 434-444,

14) Mobarry B. K., Wangner M., Urbain V., Rittmann B.
E., Stahl D. A., 1996, Phylogenetic probes for analyz-
ing abundance and spatial organization of nitrifying
bacteria, Appl Environ Microbiol., 62, 2156-2162.

15) Daims H., Nielsen J. L., Nielsen P. H., Schleifer K.
H., Wagner, M., 2001, In situ characterization of
Nitrospira-like nitrite oxidizing bacteria active in
wastewater treatment plants, Appl. Eaviron. Micro-
biol., 67, 5273-5284.

16) Crocetti G. R., Hugenholtz P., Bond P. L., Schuler A.,
Keller J., Jenkins D. Blackall L. L., 2000, Identification
of polyphosphate-accumulating organisms and design
of 16S rRNA-directed probes for their detection and
quantification, Appl. Environ. Microbiol., 66, 1175-
1182,

17) Neef A.,
tifizing von Bakterienzur Populations analyxen mikro-
biellen Biozonosen, Ph.D. Dissertation, Technical
University of Munich, Munich.

18) Metcalf & Eddy, 1991, Wastewater Engineering,
Treatment, Disposal, and Reuse, 3rd Ed., McGrawHill,
Inc., 697pp.

1997, Anwendung der in situ-Einzelzell- den-



