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Purification Effimency and Mlcroblal Characterlstlcs of Four Blofilters Operated

_
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]IANG Xiao- hang, LT Meng, ZHANG Sha() VI/ ZHANG Shi-yang* ¥ =

(School of Civil Englneenng and Architecture, Wuhan Unlver51ty of Technology, Wuhén 430070 IChlna) ’ ’

Abstract ;, To explore the effects of aeration, mlcroblal dlcchmatlon period, and poor shape or flow pattern change on the punﬁcatlon
efficie cy of biofilters’at the microbiological level, fodir bibfilters with'different working Londltlons that 1 is, MAVF, NAVF, NVF, and
BHE || wefe studlefl The first“three are vertical-flow b;nfllte;_rs and “dhe last one is a baffled-flow biofilter. The four filters filled with the
same,ceranisite Were made of organic glass. The MAVF filterWas connected with the BHF filter in series and was operated for one year
prior to te trial. The' NAVF and NVF filters are newly activated filters. The four filters that were used to treat domestic sewage were
synchronously operated in batch mode in this study. The MAVF and NAVF filters were intermittently aerated in contrast to the other
two. During the period of microbial acclimation of the newly activated filters, the purification efficiency of the four filters was
continuously monitored and the microbial community structure characteristics were analyzed at the end of microbial acclimation. The
results show that the purification efficiency of the three vertical-flow filters is significantly higher than that of the horizontal-flow one and
aeration significantly enhances the purification efficiency. However, aeration has a weaker effect on the efficiency than the microbial
maturity of the filter. An apparent accumulation of nitrates or nitrites in the four filters was not observed, indicating that the
denitrification was rather thorough. The 16S rDNA high-throughput sequencing analysis shows that the diversity index of the four filters
is BHF > MAVF > NAVF > NVF, indicating that the more mature the filter is, the higher is the diversity index. Most of the packing
microorganisms are facultative heterotrophic bacteria and the most abundant are heterotrophic denitrifying bacteria. Heterotrophic
nitrification occurs in the NVF and BHF filters and aeration promotes the enrichment of aerobic ammonium-oxidizing bacteria. Aerobic
phosphorus-accumulating organisms were not detected in the four filters. Therefore, phosphorus was mainly removed via denitrifying
phosphorus accumulation. Under the test conditions, the removal rate of total nitrogen was not high, mainly because nitrifying bacteria
were not enriched in the filter or their abundance was insufficient. The latter resulted in the limited ammonium-oxidizing ability of the
filter, thus affecting the removal of total nitrogen. The above-mentioned results show that the adjustment of different working conditions
will affect the redox status and associated enrichment of functional bacteria inside the biofilter, which will ultimately affect the
purification efficiency.

Key words: biofilter; purification efficiency; microbial community structure; high-throughput sequencing; autotrophic nitrification;
heterotrophic denitrification
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Fig. 1 Schematic diagrams of the vertical-flow
and baffled horizontal-flow biofilters
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F1XIOBIIE B K AR /mg- L
Table 1 ~ Composition of the simulated wastewater used

for the experiment/mg-1 !

VINGiE =g ) ligcieridis
TCOD 97.79 £2.42
DCOD 75.02 £2.99

TP 9.54 +0.78
P 9.02 £0.61
TAN 36.58 £1.29
NO; -N 2.06 £0.08
NO; -N 0.01 0. 00
TN 45.80 +£2.29
DIN 38.65+£1.33
Org-N 7.15+2.73
Na 0.45 +0.07
Ca 0.38 0. 06
Fe 0.01 +£0.01
Zn 0.02 £0.02

1) 3 P s 238 8 F 4 {H « FRME2E; DIN = TAN + NO; -N +
NO; -N; Org-N=TN - DIN, A

FI IS T A s b s Sh s Tl S i o e, A

oK A B AE T R R HE B 7 2, 7 KT
16. 7°CHF, AT 17 d it i) LASEBURE SR gt sl 2

PRI, T AR B T KR A DL R

TSR PSRRI S, 5 AL KA S )
B EEI gl 18 d. A S PV i
AITEEBER 34 A (B B VR R
NSRS K 4198 FEBR S PO 23 ) ¢

PR T Wb A1 ViR A Rt B

35 9k K G LR R, kiR 10 ~ 14%H5
JRBAIET, BIRIHE 30 d 9SSRI, ARBESE
K s R RS S ) 152 S — S F 3 [RDH 4% 21 o
ioUE oK 7 A far 8 0.05, 0.10, 0.18
m’« (m’-d) 73X 3 PIKF, BAKCERRSEZTT10 d.
3 2] o B U R M A R A K E K 1k, Ho
MAVF 7K RISy BHF #E7K. B 308 it K [R] Wk <
6 h, Bl E4-09:00 ~12:00, F4F14:30 ~17:30; %f
N 3 K 7 fer B9 A K FE 29 12000 1, 600 1A
300: 1. KBRS IR IE | oK, SREESR Ay
K1 RAEE YSI ZZBOK T (RS,
Pro Plus) B3I E R (T) . IEfRA(DO) | Afbik
JEHLA7 (ORP) | B8 (pH) . L5 % (Cond) . HH
FH(SC) | BRI A (TDS) | R (Sal) SFAEL
SR KFERSENT , HE R bR W oD,
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COD M m s MR Eh 8 5. coD X ALY
(TCOD) Fs g YEA HL4 (DCOD). DCOD A 7K B

28 0. 45m P8 4% U8 J5 0 {6, TCOD Ry H 4% I
SEAA.

FERRAE T, SRS A5 4 Ul P R it 26 T M B
JIAE AR A B FIHEA T U e, B2
L 16S rDNA 138 12 I 5 5 1k 50 W A ) v 45
R, R4 0 MiSeq, SR FH4HEE 16S rDNA V3
+ V4 [X 4858 FH 514 338F ACTCCTACGGGAGGC
AGCAG #1 806R GGACTACHVGGGTWTCTAAT. F
ML UG Z s A overlap B X B0 Ha #6147 BE 4%, IF
PEATFBCEE | kA Mo i L 3RS e T A SO
it X EL AT 97 % ORI UEE R2E. A T AR A8 BE
., 118 singleton [ 81 LLER1S e 2409 OTU F &
RF&IFH.
1.3 BdiEobr

A W b PV SR B 32 T Y R BT R AL, IR
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A, b N RS, a7 HEROW )
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mgT 7 ; by RIFHEIREE, & WILBRT . &

SRR u-tgst P 40T 4 K 20 1
iF f92 52, R BHF ST B MAVE HK,
TR K AR B U A R R RE e, LA TS
e MUMVE R, SRV IT 25 53 HT b5 45 2 i i )
AR 22 5. b, b T RS A g i e
HEVE S50 S AR AR, SR )2 IR RIS EE X
RSABEFP R A £ BE | BT OTU P 580 0 — B 2
BREEH Rk B TRIS, [N TR 3 i F 5 08
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ORIGINS. 6 #fFrhsgn, H e e SPSS 19.0 4k
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2 HR5R
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(AR RN fAEREES). P HEE
B, 3 HmE A S, th7kﬁlrﬁﬁﬂlﬁl, %
fif 5. pH I EFEAR. IR TR T Re SR K R BT
H(BRMFFEE T R, M E R m TER) ;
VAR S0, pH REAIROE: PRk 0 b 9 3 7 A8 il b 2 A
T B AT RO . MR AR e T U K
WA pH(NVF H K1) DO, pH 43515 NAVFE,

MAVF 7K 8 DO, pH #HLE, Frf P <0.05), JRA

Al 2 RS Ab T R 75 B AE CO,, MR REASWT i
[ UENM N % O, A1 CO,, T A BRIt il fh T
PR ENFEIF K P cO2- 5 HCO, |, Ja# & f#i pH
AR oAb, i m ar AR S5 B Y DO SRk
R4y 978, B <0.3 mg- L fREIKE . 0.4 ~0.7
mg L RFEIRE S > 1.0 mg- L UFEIGFE, ABF5E
4 ZH B PN AR AR AL T AR AR UK

£2 4 At HKBASHERD

Table 2 Comparison of the physicochemical parameters between inflow and outflow of the four biofilters

B i Ei ERIRYS A PR i R R Thpr -6
it v {jn‘)éz /Dn?glli[%]l /m;)'?fl ﬂ%ﬁf‘f:mﬁ WLE pHt /riij*‘ /L;E?ff‘ Mz-ﬁzlﬁﬁg DI;E;L](Z‘
ik 17.1£2.0  7.74~10.37  8.92+0.69 9573 7.44:0.32  0.35£0.18 4222216  0.27£0.14  0.21+0.11

MAVF  19.5£1.9** 1.36~9.71 2.26+1.77** 71248 7.24£0.20™ 0.29£0.08 32694  0.21£0.06* 0.16+0.05"
gk NAVE19.651.97 0.87-2.61  1.64£0.407" 72243 7.23£0.17* 0.40£0.11 451124 0.29£0.08  0.22+0.06
NVF 19.6£2.0" 0.96~1.62 1.28+0.16™" 48+62™ 6.89£0.26 " 0.44+0.13* 491138  0.32+0.09  0.24£0.07
BHF 19.4+1.9  0.99~215 1.70£0.26 1968  7.18+0.32  0.28+0.08 311496 0.20+0.06  0.15%0.05

1) % 8 P<0.05, #k KR <0.01;

2.2 AEEETT TO00E LR RE F i 7~

e 3 AT, 4 4TI AG KRS, TR
%%ﬁﬁ(mmﬁﬁ it 2 B9 S {E 53 9 7 0.,.40-
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Table 3 Comparison of the inflow/outflow pollutant concentrations and their percent removal rate or k&

of the four biofilters operated under different working conditions

WH KR TCOD DCOD TP P TAN N0, -N NO; -N ™ DIN Org-N
MAVF 7.89+2.73 6.93%2.21 6.18:2.35 549229  576%5.62  0.01£0.01 0.06£0.07  21.75%6.28 5.84%5.61  15.9122.03
WKWk NAVE 15.06+3.16 13.7043.13  7.24+1.00  6.46+1.17  25.39£2.79  0.02+0.01 0.26£0.22  39.16£4.02 25.66£2.76  13.503.28
/mgL™' NVF 18.34£3.21 16.68+3.13 7.50£0.68  6.53£1.27  30.41£2.15  0.01£0.00 0.40£0.19  43.263.12 30.81£2.13  12.45£3.42
BHF  5.03£2.22 4.40:1.90 6.47£1.22 53120.99 5992457  0.02£0.02 0.2£0.18  21.31£5.96 6.23%4.72  15.082.83
MAVF 91.9£2.8A4 90.8+2.9A 36.0£22.9A 40.1£23.5A 84.4£15.1A -190.7342.5AB  97.0£3.24  51.9£16.2A 85.0£14.3A -275.2+544.8A
Sk NAVE 84.6+3.3B 81.7#4.4B 23.9:10.2AB 28.3:12.2A 30.4#8.6B -281.7+223.6A 87.5+11.0A  14.5:7.6B 33.5+8.1B -168.1%310.7A
/% NVF  81.2+3.4C 77.7#4.6C 21.2:7.0B 27.7+12.2A 16.9#4.9C -142.7+168.7B  80.6+9.7A  5.650C 20.3+4.7C -126.2211.4A
BHF  36.2£18.8D 36.518.5D -28.1£72.7C -33.0£102.0B -36.1£72.7C -102.8£216.6B -300.7£672.4B 0.2£20.1bC -38.3£76.1D  4.2+19.6B
MAVF 1.65£0.70a 1.56£0.67a 0.28£0.17a 0.32£0.19a 1.29£0.4%  -0.5620.73a  2.05£1.50a  0.44£0.16a 1.31£0.49%a  -0.76£0.90a
\ NAVF 1.22£0.54h 1.11£0.49h 0.20£0.14a  0.24£0.16ab 0.2420.13b  -0.830.62b  1.67+1.23a  0.11£0.11b 0.27+0.15h  -0.54£0.70a
NVF 110 £0.53b 0.98+0.46b 0.160.11a  0.19£0.08ab 0.12£0.07c  -0.47+0.6la  1.23+0.76a  0.05£0.06b 0.15+0.09c  -0.47£0.58a
BHF  0.17£0.13¢ 0.17£0.14c 0.00£0.18b 0.05£0.26b -0.07£0.20d -0.16£0.52a  -0.36+0.63b  0.01£0.09b -0.08+0.20d  0.03 £0. 10
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Fig. 2 Rarefaction curves, rank abundance curves, and « diversity index of the four biofilters under different working conditions
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Fig. 3 Relative microbial abundance and taxa heatmap of the four biofilters under different working conditions
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Table 4  Functional annotation of dominant bacteria in Fig. 3
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Table 5 Percentage of autotrophic nitrifiers and dominant functional bacteria of the total bacterial abundance among the four biofilters/ %

s R MAVF NAVF NVF BHF

Vb 20 M0 B & ( Nitrosomonas) 1.28 0.02 0 0

H FEa LT EAH LB B 8 ( Nitrosospira) 0.02 0.03 0 0
T AL AR B & ( Nitrospira ) 0.38 0 0 0.12
A Ik 1.68 0.05 0 0.12
IR 10.25 21.96 18.07 4.03

UIsew 12 EESFRIA R 0.16 1.30 1.14 0.21
575 RAEAG I A 42.98 57.52 47.72 11.31
FIE AR 16.90 32.97 27.44 6. 10
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