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Biological Activity and Bacterial Community Composition Analysis of
Source Water Treated by Biologically Aerated Filter at Low Temperature

WANG Jia-bin"?, LI Xing', WANG Dong”, QIU Li-ping’, XIE Kang®
(1. College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China;
2. School of Civil Engineering and Architecture, University of Jinan, Jinan 250022, China)

Abstract: The biological activity and bacterial community composition in biologically aerated filter
( BAF) with zeolite and ceramic medium for treating source water at low temperature were investigated by
oxygen uptake rate and polymerase chain reaction- denaturing gradient gel electrophoresis combined with
cloning and sequencing. Results showed that the removals of the ammonia nitrogen and the permanganate
index slightly decreased with the decrease of temperature in both zeolite and ceramic BAFs. Even so, the
removals in two BAFs still showed a satisfactory performance. The main removals of ammonia nitrogen
and permanganate index in two BAFs were performed below 40 cm and 55 cm height, respectively. Low
temperature had a significant effect on biological activity of two BAFs, especially for heterotrophic
bacterium. During the whole operation, the biodiversity was enriched in two BAFs. It was no significant
difference of dominant species between the low and room temperature. The changes of dominant species

were obvious when the temperature became lower. The Nitrosospira was enriched and became the
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dominant species, while the Nitrospira disappeared in initial stage. In addition, the dominant species in
two BAFs were similar after a long-term operation at low temperature.

Key words: micro-polluted source water; low temperature ; biologically aerated filter; biological activity;

bacterial community composition
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1 RBHEERE

1.1 RARBREKESEFEKKR
BEEREHR 2 XANFEBEEEAR EEER
100 mm, & 4 2 000 mm , 35X} 5 BF 2% 1 000 mm,

43 B s A SEORL A B R R SR R AR R 2 ~5
mm. DRI EARNE AR, SR 150 mm & —REETL,
BURE O 42 10 mm. BEJEAR 100 mm b3 BB S Y
B, FHASEESENES AREMERE2~4
mg/L. JFUK RS RM KRR A HEKE, U L3
HAREEN, BB KBEKEHHERSE. EHb
R RASKBEAR WS SR RE Y 4.88
L/(s'm®) KR MBEERENR 1. 44 L/ (som’) S H v
Peit B 4 min, S K B i 2w BER ]9 5 min, 87K
J W B ] 7 3 min.

RIS A Rk e BE SCRR [ 6 1 B ok 19 75 e o 32 7k Ak
FRAFAE , AR B AR A THIBIK -5 A Fokik—E sl
BA B YT EABS TR, KRR 1 iR
L2 $HHE
L.2.1 EHKEIGR 7 8

Hi 5 B 48 B UV, \NH*"-N,NO,-N,NO,-N
PR CE TSR R K AR HER B 75 ¥ ) (GB/TS750. 5—
2006) #4747, W BE A pH R AEH R pH i
(Sartorius PB —10) {l] 5, 7% & % FH 1 & 3 (HACH
2100P) M &, BHREAFRHAELERXBE KN (YSI -
5100) 5.

®1 RBRARKKR

Table 1 Water quality of source water

211581 (D0)s WmEs (ZR)/
Kig/C pH ? p B P ) UV, /cm ™
(mg-L7") (mg-L7") NTU (mg-L7")
2~20 6.86 ~8.35 1.86 ~6.83 1.5~2.8 2.41 ~10. 10 1.22 ~6.38 0. 036 ~0.082

1.2.2 AYEaELwhE

HEYIEME TR A S AP R RN ik, B
B S LCHk(7].
1.2.3  GFHEYESFTE

F N4 5 DNA R OMEGA A& A7 H + i
DNA #2E7 & (E. Z. N. A. TM Soil DNA Kit) 17
RE. REUSHEKEA S DNA R ABIEBER &
THEATRW. B THBRY OSSR, KR
KA E, PCR(nested PCR) 7. 45 1 #£¥ W FF
F BB ¥ 27f(5'-AGAGTTTGATCCTGGCTCAG-
37) 1 1492r(5'-GGTTACCTTGTTACGACTT-3") , 55 2

Y 1 Rr B @ 5 ¥ A F357GC (5'-CGCCCGCC-
GCGCGCGGCGGGLCGGGGCGGGGGCACGGGGGGCC-
TACGGGAGGCAGCAG-3') 1 R518 (5'-ATTACCG-
CGGCTGCTGG-3')  FEEKEA 160 bp £ 5.

¥ K Bio-Rad 4 7] # Bio-Rad DcodeTM
Universal Mutation Detection System X} 5§ 2 4 PCR 7=
VAT EER Bk S R REBBRK
(RRBER/ B XA B R LR 37.5:1.0) &
BB 80 o/L, BHERIKESEHLE R 35% ~
55% . DGGE H,7k4r BRI H JE 80 V,60 C 3k 12
h. Bk FEEE LG, R A SDNA-Nucleic Acids Stain
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SR B b 2 Ak, RBL B B A B R R
R, MG, /W 1.7.9.12,17,18 &
AR EBEE RN E T B R EIK. 48
B, % 3.4.5.6.8.14 15 TER M5 R PR,
HREE BT A R 3, B R #0715 2 A,
B X 6760 B ) B W RESE RLIRIR S R HAS
e ERMAFBTEARG B, A — &M iR
R AEFRAE R b BT R B 4% W R — B B, gk
H2.10,11,13. ZHF 16 7E R ML A7 1817 B & 11847
BrEcs A, W MR R A B A SR, f6E
B HCBRIZUR IR B AL k. X EE 2 S B, 78 RO A%

100 | DGGE Band 2

69| {DGGE Band 17
O

BATYIH, A AR E N £ E  HEEET
BT ,2 FIER R M HRBERFEREE
FEER T, R BR KU, HH 2T RKH
6] By 3B AT , SR X U vib 72 R IR AR T ISR Y R B
LR WA K.

¥ ER 18 AWK E W, Wk W FEE
NCBI 5 H X%}, 8 ifif F§ Molecular Evolutionary Genetics
Analysis (version 4. 0) BV EE L BW,ME 5 fr
. XTSRRI, 18 REWART 4 4M1K, Hp
£ 111 B F Firmicutes, %&# 2.3.4.5.6.7.8,
10.12.13.14 15 .16 J& F Proteobacteria, 44 9.18
JB T Bacteroidetes, 247 17 J& F Nitrospirae. A 7
ZEM RGP Proteobacteria W B & A 4 XL F.

Uncultured Sulfurimonas sp. clone SHC33 168 ribosomal RNA gene(JX212144.1)

6 Uncultured Nitrospira sp. clone S46 168 ribosomal RNA gene(GQ246753.1)

26 |—DGGE Band 12

99! Uncultured Syntrophaceae bacterium clone 7G-B 16S ribosomal RNA(JX843902.1)

14||DGGE Band 10

DGGE Band 8

~J
N

'|_DGGE Band 16

DGGE Band 5

DGGE Band 15

Hydrogenophaga atypica strain DT34-12 168 ribosomal RNA gene(KC920941.1)
98 Uncultured Nitrosospira sp. clone 002 16S ribosomal RNA gene(GU556219.1)
Uncultured Dechloromonas sp. partial 16S rRNA gene(FN679069.1)

Uncultured Alcaligenaceae bacterium clone BH12_057 168 ribosomal(JN866457.1)

47 Uncultured Sphingomonadaceae bacterium clone BF 096 168 ribosomal(KC994776.1)

62 DGGE Band 3

DGGE Band 13

DGGE Band 14

'|_DGGE Band 9

96[DGGE Band 18

DGGE Band 7

100 g1, DGGE Band 4

28
30} DGGE Band 11

DGGE Band 1
0.1

A s

1001 Acinetobacter sp. 81_b_3 partial 165 rRNA gene(HG313712.1)

Methylibium sp. T2-YC5780 168 ribosomal RNA gene(GQ369048.1)
951 Methylibium sp.Zs46 165 ribosomal RNA gene(JQ977338.1)
74L Uncultrued Saprospiraceae bacterium clone Epr142 16S ribosomal RNA(EU177684.1)

Uncultured Sphingobacteriales bacterium clone SB25 168 ribosomal(JQ723677.1)
Uncultured Rhodobacteraceae bacterium(EU639931.1)
Uncultured Rhodobacteraceae bacterium clone LW 1m-1-43 168 ribosomal RNA(EF560395.1)
91{DGGE Band 6
Pseudoxanthomonas mexicana strain Y4-6 16S ribosomal RNA gene(KF67628.1)
Uncultured Clostridium sp. clone MS151A1_F07 16S ribosomal RNA(EF700427.1)

86! Uncultured Clostridium sp. clone MS151A1_FO1 168S ribosomal RNA(EF700397.1)
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Fig.5 Phylogenetic tree
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e B T Firmicutes B B &2 Clostridium, & T
Proteobacteria i) B |8 J& Sulfurimonas. Acinetobacter .

Brevundimonas, Alcaligenaceae, Pseudoxanthomonas .

Rhodobacteraceae,  Nitrosospira,  Hydrogenophaga .
Syntrophaceae, Methylibium ., Sphingomonadaceae .
Rhodocyclaceae, J& T Bacteroidetes W) B & &

Saprospiraceae 1 Sphingobacteriales, J& F Nitrospirae
KIEE B & Nitrospira.
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BERMAR, X WRERET 2 AWBDEER
HHEREREAWEFFE. MAF 17 HEk
RBER, ZEREFRPANARELHREE LT
BPEFEEANER, MIEERARNBAFE
BY. ZHBEEZHGERP IR E, HREEL
121730 d EEAFAMEH , HEHLE T B
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