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Purification of ammonia-polluted water through biofilm
augmentation: operating conditions and key microbial community
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Abstract: [Objective] We compared the effect of nutritional conditions and start-up method on the
biofilm augmented purification performance of ammonia-polluted water and the microbial community
structures. [Methods] The effect of ammonia removal was tested in three lab-scale reactors, including
control reactor (Blank), biofilm reactor with the raw carrier (Raw) and biofilm reactor with the
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functional bacteria-immobilized carrier (PCC). The microbial community structures were assessed by
terminal restriction fragment length polymorphism and the succession process of community was
analyzed using the plot of nonmetric multidimensional scaling. [Results] When the C/N ratio was kept
at 1:1 for 25 days, the ammonia removal efficiency was only 10%—20% for all the reactors, except for
that the PCC showed a temporary high efficiency in the first 5 days. However, the ammonia removal
efficiencies of both the Raw and PCC were higher than 95% when the C/N ratio was adjusted to 2:1.
The NMDS results showed that the microbial structures of Raw and PCC had high similarity when the
C/N was 2:1, and the dominant bacteria were composed of Gammaproteobacteria, Actinobacteria and
Nitrospira. [Conclusion] The C/N ratio is not only a key factor impacting on the ammonia removal
efficiencies of biofilm augmentation but also a driving force for the shifts of microbial community
structures in the biofilm reactors.

Keywords: Biofilm augmentation, T-RFLP, Microbial community, Ammonia oxidation, Heterotrophic
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Figure 1 Simulation diagram of the biofilm reactors
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Note: Blank: The control reactor; Raw: The biofilm reactor with the raw carrier; PCC: The biofilm reactor with the functional
bacteria-immobilized carrier.
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&1 T-RFs LEX4ER
Table 1 The comparison results of T-RFs

T-RFs NCBI
T-RFs length (bp) The similar strain NCBI accession No. Phylum level classification
67" Micromonosporaceae bacterium YIM 65646 GU367156 Actinobacteria
1144 Uncultured Planctomyces sp. A05-07C FJ542858 Planctomycetes
116 Uncultured Xanthobacter sp. A03-02E FI542831 Proteobacteria
12274 Uncultured Hydrogenophilaceae bacterium EU266782 Proteobacteria
149° Uncultured Gemmatimonas sp. X-18 HQ132388 Gemmatimonadetes
415 Uncultured Acidobacteria bacterium XA2A0 FJ269265 Acidobacteria
420° Paracoccus denitrificans PD1222 CP000489 Proteobacteria
42340 Rhodobacter sp. TCRI AB017798 Proteobacteria
426"° Uncultured Comamonadaceae bacterium D2514 EU266893 Proteobacteria
447° Brevibacillus sp. AV-Pb AJ457160 Firmicutes
463 Uncultured Nitrospiraceae bacterium D2514 EU266889 Nitrospirae
4674 Uncultured Rhodocyclaceae bacterium 48 HQ184352 Proteobacteria
47240 Burkholderiaceae bacterium KVD-1982-1 DQ490286 Proteobacteria
482° Pseudoxanthomonas sp. M1-3 AB039330 Proteobacteria
564" Pseudoalteromonas sp. AS-43 AJ391204 Proteobacteria
635" Mycobacterium tuberculosis TB36 AM283534 Actinobacteria
641° Uncultured Pseudomonadaceae bacterium B02-07B FJ542959 Proteobacteria
74440 Acinetobacter sp. BD189 HM120259 Proteobacteria
821°%* Rhizobium sp. TI171 AJ505298 Proteobacteria
860° Corynebacterium sp. ATCC 43833 AF262996 Actinobacteria
8674 Allochromatium vinosum DSM 180 CP001896 Proteobacteria
8740 Pseudomonas sp. JTO8 ABS554725 Proteobacteria
a b a&b
Note: : T-RFs in water samples; °: T-RFs in biofilm samples; ***: T-RFs both in water and biofilm samples.
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P. denitrificans PD1222
420 bp
P. denitrificans PD1222 PW

(18]
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Table 2 The biodiversity indices of biofilm reactors

Samples S i /
BW-1 13 2.836 0.766 4
BW-8 15 3.225 0.8255
BW-16 11 2.557 0.739 1
BW-30 10 2.935 0.883 6
BW-60 7 2.550 0.908 3
RW-1 13 2.769 0.748 2
RW-8 14 2.758 0.724 5
RW-16 10 2.708 0.8151
RW-30 12 2.818 0.786 1
RW-60 8 2.442 0.814 0
PW-1 12 2.402 0.670 0
PW-8 12 2.855 0.796 3
PW-16 11 2.957 0.854 9
PW-30 8 2.511 0.8372
PW-60 8 2.245 0.748 4
RB-8 7 2.595 0.924 3
RB-16 8 2514 0.8380
RB-30 12 3.195 0.8913
RB-60 13 3.455 0.9337
PB-8 4 1.180 0.5899
PB-16 6 1.488 0.5757
PB-30 11 3.019 0.8727
PB-60 10 2.758 0.8303
BW (Blank water) RW (Raw water)

PW (PCC water) RB (Raw

biofilm) PB (PCC biofilm)

-1 -8 -16 -30 -60

Note: BW: The water samples in Blank; RW represents the water
samples in Raw; PW: The water samples in PCC; RB: The biofilm
samples in Raw; PB: The biofilm samples in PCC. -1, -8, -16, -30,
-60: The sampling time (day) of the reactors operation.
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Figure 3 The NMDS plot of bacterial communities for
water samples in different reactors
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Figure 5 The NMDS plot of bacterial communities for
biofilm samples in different reactors
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