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Abstract: When low-concentration rural sewage is treated biologically, the effluent total nitrogen (TN) concentration often does not
meet the discharge limit because of its low carbon-to-nitrogen ratio (C/N). To solve this problem, a laboratory-scale anoxic/oxic ( A/
0) biofilter packed with Arundo donax and activated carbon as the anoxic and aerobic column fillers (No. 2) was operated for
treatment of simulated rural sewage and advanced nitrogen removal, while an ordinary gravel-packing A/O biofilter (No. 1) was set up
as the control group. The results were as follows. When the influent chemical oxygen demand (COD) , ammonia nitrogen (NH, -N),
and TN concentrations were (79.47 +14.21), (34.49 +2.08), and (34.73 +3.87) mg-L™", respectively, the No. 1 and No. 2
reactors achieved removal efficiencies of (88.00 £7.00)% and (89.00 +10.00) %, (90.00 +£2.00)% and (97.00 £7.00) %, and
(37 £15)% and (68 +7)%, respectively. The results revealed that using Arundo donax and activated carbon new fillers could
significantly enhance NH," -N and TN removal. High-throughput sequencing results indicated that the microorganisms involved in the
nitrification process in the No. 1 reactor mainly belong to Proteobacteria, whereas those in the No. 2 reactor belong to Proteobacteria
and Nitrospirae. In addition, the main denitrification bacterial phyla in the anoxic column of the No. 1 reactor were Chloroflexi,
Proteobacteria, Bacteroidetes, and Planctomycetes, whereas those in the anoxic column of the No. 2 reactor were primarily
Bacteroidetes, Proteobacteria, Firmicutes, and Patescibacteria. Quantitative real time polymerase chain reaction ( qPCR) results
showed that the microbial nitrification (amoA and Nitrospira 16S rDNA) , denitrification (narG, nosZ, nirS, and nirK) , and anaerobic
ammonium oxidation functional genes (ANAMMOX) in the No. 2 reactor were significantly higher than those in the No. 1 reactor. All
the genes, except for the narG and nosZ genes, had one to two orders of magnitude of improvement in the No. 2 reactor compared to
those in the No. 1 reactor.

Key words; anoxic/oxic ( A/O) biofilter; low-pollution and low-C/N rural sewage; Arundo donax-activated carbon filler; high-

throughput sequencing; quantitative real time polymerase chain reaction (qPCR)
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Fig. 1 A/0 biofilter experimental set-up
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K BEHEbR St e B WiE

COD 48. 60 ~103. 00 79.47 +14.21
TN 28.32 ~47.07 34.73 £3.87
NH, -N 29.48 ~45.03 34.49 £2:08
NO; -N 0~2.09 1.30 £0.42:
NO; -N 0.05 ~1.65 0.58 0. 24

* 2. %ﬁij’ﬁ?lﬁ;ﬁgﬂﬁ/mg Lt

H\\r n

Table 2 Cpmponent@ of trace element ‘iOluthh/ mg i
war | LeF | | ome Y AT
FeCl, -6H,0 £ B 240 NaMoOy Ll ‘o
H,BO, =150 NiCl, I BYJ
7080, -7H;0 120 CoCl, -6H,0 4210
MG, - 21,0 pod | k1 o (4 Bo
CuSO, -5Hz0 4 30 P A

1.3 V5RO g T

P A/O A=W i ith 25 5 3 Fp s Je B [ Jb e 5
TGKAL ) R B FE R A AL I R AR B, BT AR
MLSS ) Jii & ¥ B A
7000 mg-L~", W& & W ¥ & P 18 K ( mixed liquor
MLVSS) it ¥k & h 3549
mg-L‘l 15 Je UL A 66%, 15 6 7R FLEE £ 94
mL-g ™' E A/O A=Wk 2he B 3R AR AL
Ja Bl B R R B B e B (4 T U8 5 e K e A
T 1: 209 LU BIIR 5 J5 43 3% A 2 MR B AT, R A Bt
RS I BB 1 d (R 20 L-h ') HEZS AR
BT DB R 3 K. 25, 8 IR/ e it
K, % W HEOR B & K J) 4% B i) A (Chydraulic
retention time, HRT)10 h. &P K H— K FE, Il 2 25
B RGE WK COD NH, -N \NO, -N NO; -NFi
TN /K BiHa b CRE R SR 16 d) 45 17 d, A
R BT , ARSNGB 17 d g A 1 d(RIFEE

SE BT BOTIRHYEE 1 d) MR —UOKRE. U5 i)

('mixed liquor suspended solids,

volatile suspended solids,

PR B[R 2 A7, R 3 22 i ik K O =X, PR
HRT 4 10 h, 5K H 4: 1, AL B HE 150% . [
e A A 1R, BAREBES BT Rk 3.0
min,ﬁ/ﬁiﬂ(ﬁiﬁ' 4.5 min,'ﬂai]ﬁﬂ( 4.0 min, S
K PR R BE 43 ) 0.4 mL- (m®-min) ' 1 22. 89
mL+(m?-min) ~''?.
1.4 Wik
1.4.1 KTk

F K R WA AR S O ik Mk aE TR AR
(chemical oxygen demand, COD) R FH M5 75 7] K60
2:(UV-2100) ; TN K H TOC Ul %2 4% TN I 52 BT
(TOC-VCPH) ; 2 & ( ammonia nitrogen, NH, -N) >k
FHAN ECG 0] 9 06 016 B % (UV-2100 ) 5 MV A iR £6 &
NO, -N ) Fl fi§ fg £t & ( nitrate
NO; -N) K H & ¥ & 3% ( DIONEX ICS-
1000) ;pH >R A pH 1( PHC10103)
1.4.2 PO IEURREE 4500 "l

PO TR SBH R IS AT AR /IS #EUE’J*F*'T’I
Z AL R Bt A ?ﬁﬁﬁé\ﬂﬁﬁ)ﬂﬁéﬂﬁﬂiﬂ%
de % FLTYER AR R AL ST, ﬂa{m@a@x
W’ﬁféﬂﬁfaﬂu%ﬁ” U
1.4.3 Hti%ﬁé%?ék%%éﬁﬁ i

(EPIAS/A/ O EE M T B B BT 45
B 4 il B P 7T SEN R
qPCR %*ﬁ‘ﬁlﬁﬂi 5 mm x5 mm E‘Jiﬁi*jrd\ﬁ{, H

('nitrite nitrogen,

nitrogen ,

| 2. 5% TP TRE A BERR 2R v RO TR, SRR

JoK . FEHEAT I S TR A 4 ), BT SEM LA
TAEE.
Mo+ 3 3 W o4 DNA 2 Bt R &

(MPBiomedicals, 3¢ & ) $2 B ) BEAE & ) DNA. 20
wL i) qPCR IR& W P 16.4 pL B9 2X Taq Plus
Master Mix ( Vazyme Biotech, 3¢ [E ), 2 pL AY# A
DNA, 0.8 pL IERI S 0. 8 L 19 7 5| ¥4
. qPCR AV 2444 : 95 °C FAEYE 5 min; ZEAN[A]
IREE T (amoA, 52°C; Nitrospira 16S rDNA, 60°C ;
narG M nirS, 60°C; nirK, 54°C; nosZ, 56%C;
ANAMMOX, 55°C) 28 % 30 s, & 40 16 2 fc e
T2°CHEAH 40 s. FEASFE A 3 A AT FE. H Nano
Drop 2000 ﬁ‘*ﬁﬁ(( Thermo Fisher Scientific %.) iy
TN R) S SR A 5O 5 . DA 10 56 BE A B 45 T i
L E A TR AT qPCR (1 H 9600Plus, F [F ) 4
W, 4K 75 4% T AE 3 5 bR ofE #h 26, R* 2 0.9949 ~
0.999 9, ¥ H4UF N 84. 8% ~99. 7% .

TE ABL 7500 #I %¢ J% & i PCR Y ( Life
Technologies , 3¢ [F ) X} W) £ 5 & 0B Z IO B9 R
[ OB AE W B EAT qPCR 20 M. X i Ak i 2 2 A 3



2332 2D 5%

oo a1 %

[ amoA F1 Nitrospira 16S rDNA SR & A AL A5 V)
AESEP] ANAMMOX DA e i Al ad FEEN BERE Y narG |

nirK .nirS 1 nosZ W2 DUEGHAT &
IR 51 791 L3 3.

T, 45 H A

%3 PCR3|#F3
Table 3 Primer sequences for PCR

H B 519/ 51514 nAGEEyE27! BT 5154

ANAMMOX ( PLA46F/AMX667R ) [17] GGATTAGGCATGAAGTC ACCAGAAGTTCCACTCTC
nirK ( nirk876,/nirk1040) ['8) ATYGGCGGVCAYGGCGA GCCTCGATCAGRTTRTGGTT
nirS(nirS-cd3af/nirS-R3cd) [°) GTSAACGTSAAGGARACSGG GASTTCGGRTGSGTCTTGA
nosZ(nosZ-1527F/nosZ-1773R ) [2) CGCTGTTCHTCGACAGYCA ATRTCGATCARCTGBTCGTT

narG( narG-F/narG-R) [?!]
amoA( AOB-1F/AOB-2R) [}
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GGGGTTTCTACTGGTGGT
5'-CCTGCTTTCAGTTGCTACCG-3'

CGTAGAAGAAGCTGGTGCTGTT
CCCCTCKGSAAAGCCTTCTTC
5'-GTTTGCAGCGCTTTGTACCG-3’

FEE B SR MiSeqPE300 AR =, 420
P# 16S rRNA V3 ~ V4 [X 5|4 338F F1806R (5 |4)/75]
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Yy 524F F1 958R (5| ¥ J¥ 5 5'-GGACTACHVGG
GTWTCTAAT-3' Fl 5'-YCCGGCGTTGAVTCCAATT-3")
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Fig. 2 COD concentration in anoxic column effluent

of the two A/O biofilters
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WE(/NT S mg-L7"). NH, -NEJEBR FEREER L0
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Table 5 NH," -N removal efficiency in the two A/O biofilters
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Fig. 3 TN removal efficiency in the two A/O biofilters
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Table 6  Composition analysis of Arundo donax/g-g ™"

T H ESR I S NeLf Y F NI
FEdh 1 0.368 3 0.2917 0.156 4
B 2 0.3016 0.3218 0.204 1
BES 3 0.3164 0.273 6 0.190 8
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Fig. 4 SEM image of the carriers in the two A/O biofilter anoxic columns
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Fig. 6 Microbial community diversity and its composition in the

anoxic column of the two A/O biofilters at phylum level
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Table 7 Copy numbers of genes in the carrier biofilm of the two A/O

biofilter aerobic columns( SS)/copies-g ™!
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