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Microbial community structure and the performance of biological
aerated filter under different temperatures

Dou Nasha Wang Lin

( College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract A Biostyr biological aerated filter (BAF) was applied to treat municipal wastewater. The effects
of temperature on BAF nutrient removal efficiency and microbial community structure were investigated. The re-
moval efficiencies of chemical oxygen demand (COD) and ammonia nitrogen (NH, -N) were below 60% when
the temperature was below 18 C. When the temperature was between 18 C and 22 °C, the removal efficiencies
of COD and NH," -N were stabilized, and the removal rates were higher than that observed for temperatures below
18 °C. When the temperature was higher than 22 °C | the removal efficiencies were positively correlated with
temperature ; removal efficiency increased significantly as the water temperature increased. Based on a PCR-
DGGE analysis, the multiformity of total bacteria in the microbial communities at higher temperatures was better
than that observed at a lower temperature. Based on a quantitative PCR analysis, the total bacterial density, am-
monia oxidizing bacteria, and nitrifying bacteria in the BAF increased as the temperature increased, which was
consistent with the trends observed for the pollutant removal rate. The microbial community structure in the filter
became less complex, and the density of bacteria decreased at a low temperature. These results indicated that the
BAF had optimal effects at low temperatures.
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NAFSR R A, % F PCR-DGGE ( polymerase chain re-
action-denaturing gradient gel electrophoresis ) Fil
qPCR ( real-time quantitative PCR detecting system )
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Fig. 1 Main process of Maidao WWTP

15 7K Ak SR SR e RS B B 3 K AR T S A
A& A S I it TORD t  Multiflo-300 4] T3 |, Biostyr A&
Yy UEt  Multiflo-300 fiz v L V€ Wt UV JH 55 i L HE
VA P AL, b — SR A BB 43 32y Multiflo 7T
TE ML s A W Ak B 4 R T B X Biostyr B
AW g s TG KIEEER T UV B . 2 F Y5 K
F 43 1 o R HE . T e ER 4 SR A TS U Ak
PRI A TS YR K 2 K S 5 e T A Y
b 35 b T

T T2 875 KA HL ) Biostyr BAF JLi% 75 8
JAE U8 b BT, B A AR SE 13,81 m x 16,70 m x
8. 12 m, AL 231 m®, K UEF 7.7 m/h; JE i
I FE biostyrene 42 5T I £}, F- 5k 42 6 mm, JE#}
JERE 3.5 m, JERHMARL7 200 m®, [ 2 Syt g4
B e AT 19 Biostyr BAF, 1 it /K %2 | 38 B}
JA K B R R PR K I AE T RN TR R R S
aim .

1.2 kAR

T2 55 KA BT R KR TR
K AL HE AR TG V5 K S b/ Tl B 7K, Biostyr BAF 3F
KR K5 A T A BRI SE it Multiflo 7K, 7K 51
BLULHE 1,
1.3 EEREBHAIERNUE

UM I 5 AN HORE I, 43 AL T K B K
IS B B9 RIS H5 100,200 #1300 em 4b, 7F Bio-
styr BAF /K0 14.5 18.6 F1 23.2 °C B, 43
T 08t 0 2 T (SRS (100 em) H 3 (it JiE
200 cm) Fi_F B (BRI 300 em ) Az Py AR K 00T

% 1 Biostyr BAF #f 7k 7k &t

Table 1 Quality of Biostyr BAF influent
£k R {E RARME - {E
COD(mg/L) 130. 6 97.3 116. 4
NH, -N(mg/L) 39.9 19.7 30. 1
SS(mg/L) 92 21 43
pH 7.6 6.7 7.2
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HIEWH T IREAK DR

JK 553 Mt 5125 R T KRB 7K s I 4 A 522 )
(%5 4 )", Hrp COD( chemical oxygen demand)
SR FH B TR B LE €, 9% 5 NHL-N SR T 4 1R 7D 0l
I 1 5 SS(suspended solid ) 5% i JEFR E %, pH
K IR AL e s
1.4 MEMBEEEHTW
1.4.1 DNA R

K 40 T AR D2 4R O R & (JE st R AR,
DP302) , #% U6 B 45 fir i& 20 9K #8 1, 42 It DNA,
-20 CLRAFFE .
1.4.2 PCR-DGGE

PCR § 5| ¥ &y GC338F (5'-CGC CCG GGG
CGC GCC CCG GGG CGG GGC GGG GGC GCG
GGG GGC CTA CGG GAG GCA GCA G-3") I 518R
(5’-ATT ACC GCG GCT GCT GG -3"), PCR [
K HI 50 WL RAR &, 20 53y : 10 x buffer,5 pL;
Taq DNA 4 7,0. 4 pL;2. 5 mmol NTP,3.2 pL;
59,4 2 wL;# R DNA,2 ul;ddH,0,35.4 L,
PCR [N Z %0 94 CHUEYE S mins K5 94 C 7%
1 30 5,55 C3E Kk 30 5,72 CIEM 30 5,30 MMFFF;
BJ5 72 C,3EfH 10 min, B HZE 4 C,

¥ PCR ¥Efh 5 Ll 5 10 x buffer 84, % Ji] Bio-
rad JEARKGIN F2 G, 1T 8% 114 5% TN M Tk Jog B I, 728 P 51
W R 30% ~60% ,150 V 60 C T Hiik4 h, DGGE 5%
B JE R TR gk e (1, 3145 DGGE 840 &3
1.4.3 qPCR 4#F

* F qPCR 437 $2 AR X} Bacteria ,AOB ( ammol-

lia oxidizing bacteria, Z ‘8 ft. 4l & ) .NOB ( nitrite-oxi-
dizing bacteria, W 5 M8 3k & L & ) # H Nitrobacter
(TS LT B & ) A1 Nitrospira (i AR T & ) 1) 1 A
W RHE AT GE B 15 Bk 2 R .
it PCR R 2542 :95 CF 5 min, 4K 595 C A2
30 s, 3B KR 15 s (B JOR S 4w 57 C,AOB
55 °C , nitrobacter 50 °C , nitrospira 65 °C ) ,72 C ZE A
20 s, #4740 MEH . R 25 pl PR R 2 x
TransStartTM qPCR SuperMix,12 pL;5 pM 5|49 4% 1
wL; DNA #ifz 2 wlL;ddH,0,9 L,

#2 PCRXESY

Table 2 Primers used in PCR studies

DR 519 751
121f 5'-AGGAAGGTGGGGATGAC-3’
Bacterial
238r 5'-CGGCTTTCTGGGATTGG-3’
16S rDNA

CTO189fA/B  5'-GGAGRAAAGCAGGGGATCG-3'
CTO189fC 5'-GGAGGAAAGTAGGGGATCG-3’
RT1r 5'"-CGTCCTCTCAGACCARCTACTG-3’

AOB

FGPS872-f 5"-CTAAAACTCAAAGGAATTGA-3'
Nitrobacter
FGPS1269-r  5'-TTTTTTGAGATTTGCTAG-3’
NSR1113f  5'-CCTGCTTTCAGTTGCTACCG-3'
Nitrospira
NSR1264r 5'-GTTTGCAGCGCTTTGTACCG-3'

2 BRSR

ASLIAE pHAE R 7.11 ~7.37, KK R 5:1
AT, 43 0 75 S I BE R B SO AR ) U8 i COD A
NH, -N ZBR 23 DL S A A W) 1 3 S5 A0 1) 52 ) o IO
IR vp pE 45 R 3 h )5, BPuE R E A5 AT B B
HAT o
2.1 BENLERRNZIE

ANTAEBE 2 FF COD Al NH," -N 25 B % ¢ 4n
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L Bl 6B 00 T A L) L BR AR ) B, R BR R
TSR T 22 CHE,COD LR FEFRE,
ik COD ¥k i SEAFE 2 50 mg/L DL R, ik %] GB
18918-2002 Ik B V75 7K HE bR #fE v 19 — 2% A Fr i,
T LBRA R 64.9% o Sy BTN 18 CLUT , BT
PEFRAR , 40 0 28 K 5 2 20 PR, 4 A7 HL9 i 48 fk
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Fig.3 COD and NH, -N removal efficiency at

different temperatures

S I RO A T il E T S 2 R AR B e B
B3 YKIEAE 14 ~ 18 CZ [ iy, NH, -N %
BRARA L 60% , ik NH, -N P29 N 14.5 mg/
L, RO B2 5 MKl AE 19 ~21.5 C Z [ 2L},
NH, -N LFRRENFEE , K NH, -N 2
11.9 mg/L; 4R EAE 21.5 ~27.5 C Z [A] 2 fL i+t
NH,-N % B 3 B il BE T @ i 82 %5, AL 65.3%
(21.5 CEZMET) BHWSHTF 2 79. 8% (26 C & AF
) o MRIEFREE T BAF (AL RE ) T REIE R B,
B H b 2 B0 AL T RE T PR R Y BGE
Ty 20 ~35 °CRIE T AR Wi P ORI A, B &
BN R B AR PR T B

ANH, -N 2B AR KR AE 18 ~22 C Z ]
AR, BAF Xf COD #1 NH, -N [ L PR N A a2
MoK BT 22 CJ5, BAF % COD il NH, -N £ %
FH RS RE, W] DUFE W, B X NH -N
BRI S HE AT COD 2 R 3 14 5% 1 55K, (5] I
FE SRS Y™ B K AT i B A AR 1
50 B Ry W

2.2 BENBEEEMNZIE

JH 200 1A R 4 £ B0 ) & ( DP302 Tiangen ) 2
HUA: Wy A i 40 B S, DNA L GC-338F 1 518R 2h
1917 PCR ¥4 . DGGE B35 (&l 4) /e T i
B4Rk 14,5 18.6 i1 23.2 C K}, BAF 3 A 4y
T V& 108 R 15 O, DAL s i) DU BB TR EE 1Y
TR U N IR I 2 REPE AR, 23.2.18. 6 T 14.5
C I (4 450 803 0 R 10 45,9 26 F0 5 4%

M DGGE S5 E 3% (& 5) rT LA %A 1,
4,7,8,9 1£ 3 AUk IE I AFAE, Hrp &4 7,8,9 17
SIS, AR 4 15 T % WY R, 16 B TR R X X
S GE A — o S MR, () B 3R B K S R i A
PSR T, B UL, T DAAE S [ 7 3 3 3R 85 oh A A7
@%F 2,3,6,10 B8 2 19 8 BE H BLAE T 2 450K
T8 BSOS, 2% B B A I R 0 RIS i 2k TR AR
MIE DR BFE S P A T 45 3 A AE IR AR T
15 °C B At T8 B B4R B 4kt 5 P A 3R 1 1
U ERAESE 1 250K , Bl S W 2%, 15 B L X il 3 2
KT 2, U B BAR I, R R LA Ik, AT
IRV 30 X o 0 55 A LA AR A b 5 i) () s 1 52 g 3]
T BAF X V5 Y2 1 9 25 PR A BE , iX 5 M8 A4 P 0 it
X COD Fl NH, -N L BRECR 1 4 Hr 418 — 2

AR5 0T 22 BT A3 S 45 K G AT SR AE AL &5
R 3,DGCGE K32 UPGAMA B2/ #r, 45 1
g 6 firs .

MFE 3 FIE 6 AT LU H, vk s 23.2 °C ik iE
18. 6 °C Z [a] (I HH 8L 2 Jy 86. 6% , T Pk iH 23.2 CH
VKIE 14.5 C By AL EE AL Ry 56. 7% o i W] 24 7K I
KT 15 °C i st o9 A= 9 °F B2 R B, 3X 5 1 A 1y i
T A — 8, SRTTARIR T BAF Py A #  BE
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Fig. 6  Clustering tree of DGGE profiles

2.3 BENMAEEMEENZI

AR 51 (51915 B L2 2) , % 14.5
18.6 F123.2 CZ&MFT BAF h B4 B 2 A AL 40
(AOB) fif AL HF i ( Nitrobacter ) FIfit§ {6 $R # ( Nitrospi-
ra) #47 Real-time PCR /0¥, 25 R UNFE 4 iR .

F4 BREWDIEMPEMAE. AOB |Nitrobacter F1
Nitrospira iR [&
Table 4 Cell numbers of bacteria, AOB, Nitrobacter and
Nitrospira in BAF  (copy/ (500 pL))

i H 25 531 AR
14.5 C 18.6 C 23.2 C
Ja¥ i) 5.60 x 107 1.79 x 10® 2.34 x10%
AOB 1.38 x 10° 4.05 x 10° 4.97 x 10°
Nitrobacter 7.16 x 10° 6.94 x 10° 3.21 x10°
Nitrospira 2.40 x 10° 5.30 x 10° 5.06 x 107

FHHHE F W] D18, 6 C I BAF Py S 407
AOB NOB ( Nitrobacter F1 Nitrospira ) 4 i 73 5 M
14.5 CHFRY 3.2 £ 2. 9 £5H01 3.9 £ . X L AHIA] 5%
PETR K B R AT AR IR ETE 14.5 ~18.6 CZ
IS L COD A1 NH. N 5 5 B3R 1 T
MGE AR R, I HONH, N 28 BR 38 52 0 B2 52 k) B8 R 1
2,COD V- LBRF Ny 58.3% ,NH, -N R
14.5 CHfH) 54. 7% K 5] 18.5 C i) 68.2% ,F
£ 2N 60.3% ;(223.2 C B} BAF N S 405
it \AOB .NOB (14§ Nitrobacter F1 Nitrospira ) 4y
B 18.6 C IRy 1.3 £5 1.2 £5F0 4.4 £, X 1L
18.6 ~23.2 C &AM T /K B84 /T LLA Y, 78 e iR
JE X IE] BAF XA #LT5 94 19 2 BR BE 7 B i B2 14 T
I, P R BR AN 64.2% , B X NH,-N
(2% B R 2 M B2, 7 3 K BR R 66.9% , K
NH-NEEJU O 9.8 mg/L, /K K Bt R 455 ®
AOB H1 NOB {14 T 1 25 B2 249 B Ik B2 T g T 8 K, 78
23.2 C 4T T BE S B BROK, 4y 4.97 x 10°
copy/ (500 wL)F15.38 x 107 copy/ (500 pL) , i 81
Z RO LA R B IR, SR B T 18 C I TR
P AR K 3R B R, AN BT M G R, 3R U8 X
NH,"-N R4 19 2 BRBOR ; @ 4K R AR T 18 C iy,
BAF P T H %5 B A 2 RE 1 29 °F [, COD I NH-N
FEBR AR BRAR, B AR Y A2 A 5 B xS G )
A 25 BR LA — B

3.5 i

T I 2 15 K AL B R ] Biostyr BAF 4b B
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WG K AR H LT AR E T, BAF Xf COD
HNH,-N b P 255 DL 0t 3 0 2E ) B VK 45 4
T VAR % B 1 AR AR 0

KIERAR T 18 C B, COD L BRF AR, T3y
EBRFH 57.9% , W& IR B T+ A DL 25 B g
JIHeE, R BRFE LT, Y & T 22 C i, CoD &
FrFE THE , 17K COD YR EERE 2 50 mg/L AT,
K F] GB 18918-2002 I 115 7K HE b 1 v iy — %
A BRUE, I RBR R 64. 9% il FE X A A LB
(5% ) B B KIRAIRF 18 °C i, NH, =N L B
BN 60% , Y BEAE 21.5 ~26 C Z [ A2 fL i),
NH, -N £B% M 65.3% ZHi T+ % 79. 8% , 1 K %
=N

Wil 7K 1 AR Ak, BAF P 14 5 A= 0 B U 21 B
bl Z A5 Ak FEARIR B 8E F  AR 2B R AE Sk
AT B VR UK, i Tt A ) TR R 4 A AR A TR TR R
BEREAR AR AOK AR E , K W] BAF T HA RA4F
APTAR IR v i BB ) 5 2K IR T 18 °C, BAF Y1k
A TR R R N AR IR R S T I
U b 40 T g 4 T 2 TR R 4 TR R R T R R
JEE TR I 3 K, T K K B R B S B U
B, BAF P50 9 8F 7% 45 4 1) A8 A0 5505 e 0 i) &
Ik A8 b A — B

T BE 6 NH, -N 2% B 5 1) 52 i) LX) COD 2 Bk
NP N R 2R (0P BT
JEE 6T A B SR R e O R PR, 7E TR
oL AR EALT 15 CRREEZ, I HIR
KRG Y, N AR 4 % R LA AR RS i, LA
B K K

2 % XM
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