%38 % %sM v E 4 K HE K Vol. 38 No. 8
2022 4 4 A CHINA WATER & WASTEWATER Apr. 2022

DOI:10. 19853/j. zgjsps. 1000-4602. 2022. 08. 004

=

K REBIRRHE YT BAF Bal B R L

A=A, XAE, THE, ZRKBRE, HEXL
(Bwmhlkksd RIEFR, L7 &% 210037)

oC¢

 OE: AR AR LR A M AN W R MIEITT 16S rRNA X R ¥ 38T
M B o LR RGN ZF MG Z MR RAETE R BT AN AW IR T
BE BRI, R A 03 RAA ] h B AL SR AR 8, | AN A Rk TR SR e e AR AL SR R
B 8 = AR AT B 5 48 NH, =N JJE A 0.5 mg/L B, FEAL3E 5% 1 8 2 ok — 89 3 F Al AL A, b T
B REAM A GBI N Z AR A B TRALETAREMNE , ANBRAEDIEEEE R
B )G  ERNAE G A2 AR &M T, A3 NH, -N ¥ AR ZH 69 KR F(>598%), VA B IHRA A3
By K B i bR B NO, -N K E B 5 BAK, b T 3R KRR A A Audy LA MR L2, HEml K F
FE s B IE) 2 A TR R T 60 A RB AL, AE PR A A R B ik 4t K s, RAUNH,'-N &+
M Z M LB NO-N A4 & 69 £ TR 5 (599%) , He ) 7 P 5% oR I — 2 4y e i — - oR TR A2 322 0 o L
R EFAE R AR,

KEIE: ARKT; A, RARAML; BRAAEYIEL

FESES: TU9IL XERFRIRAD: A XEHS: 1000 - 4602(2022)08 - 0025 - 06

Startup of Biological Aerated Filter Seeded with Attached Microbes from Sand
Filter in a Waterworks and Its Nitrification Performance
CHEN Ren-jie, LIU Ming-hui,  DING Chen-long, WU Jun-kang, JING Zhao-qian
(College of Civil Engineering , Nanjing Forestry University , Nanjing 210037, China)

Abstract: Three groups of microbial cultures attached to the upper filler of a sand filter in a
waterworks were sequenced by 16S rRNA gene amplicon sequencing to analyze their microbial community
and structural differences. Then, the three groups of cultures were mixed for startup of four biological
aerated filters, and the nitrification performance of each bio-filter was analyzed. Only three genera were
detected in the three groups of cultures: Nitrospira, Nitrosospira, and Nitrosomonas. When the initial NH,"~N
was 0.5 mg/L, Nitrospira was the only nitrifying bacterium with high relative abundance. Due to the lack of
ammonia oxidizing bacteria, it was speculated that there may be complete ammonia oxidizing bacteria in
the Nitrospira. After the successful startup of the four biological aerated filters, the NH,~N removal
efficiencies of the filters were all higher than 98% when the hydraulic retention time was 2 days. The
NO, =N decreased significantly at the initial stage of continuous feeding in the sand filter. Since no
organic matter was added into the influent and dissolved oxygen was sufficient, it was speculated that

autotrophic denitrification took place under aerobic conditions during this period. In addition, the
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activated carbon filter not only had a high NH,"~N removal efficiency, but also had a NO, =N removal

efficiency of more than 99% after continuous feeding. It is speculated that activated carbon adsorption—

biodegradation—readsorption is the main mechanism of nitrogen removal in this filter.

waterworks; nitrification;
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[m) 52 1% - N4 AL 41 B (ammonia oxidizing bacteria,
AOB) Fll/al = S AL 4l 7 (ammonia oxidizing archaea,
AOA) > FINYAEERER E AL AN (nitrite oxidizing bacteria,
NOB)™'. 2015 4F % BLH AL B2 5 78 )& (Nitrospira)
FAAEE AR AR T RER , BN RS 7E— D E W ik
P 58 K R (NH =N S A A R 2 (NO, =N Y
Sl B I Bl A 44 58 4 & A K (complete
ammonia oxidizing, Comammox ) 2l 7 , 1 FR 4 F & A
T

e [ CAE 1 ROHR TLA AR 1) (GB 5749—2006)
o NH, =N AR BEBR (B4 0. 5 mg/L, IR K HRgRAx i)
NH, =N i BRI T UK ARG AL 19 NH, - N sl e 4k
PR 7K 5 58— A SR 3K 52 R RO
VIS adow HIEENE= ¢ NG 38

TR AE PRSI AN L R S8, B AOB Al AOA
S, Nitrospira f& EZE W AHRREL A AL R B 7 IL4F
ALK K FEEOK R WA T Comammox
Nitrospira ™™ o BEAk , B & BLAE K 7K PR D 38 it
(rapid sand filter, RSF) /1 Nitrospira EREEEETH
il Ak 40 BT, 3X 26 B RSF H1 Comammox Nitrospira fY
B I HEE T AOB FINOB™ . [HIIL , AR 5% 243 LA
YK b ug OB R T B G 0 BRI E ) TEA
[F) R P 1Y NH, =N 2515 #EAT 55 5% WF 8 b it v s
FEMS AR [RIRRI ] 165 rRNA ZE K44 -0 7
I MR A0 2H ORI 2548 22 53t 5 Il i e R AR W)
AR R YA SR SRR (BAF) , S R I K 4k
H G R AL B TR 2 B AR A0 A BG5S Ey
FHAR S
1 MHE7%®
1.1 IEFRGFIEFEE

{# FH 500 mL ) Fisherbrand #5 55 A/E ARG 548,
KM FR T, WEAB.C ARG,
NH,CIA B (BLNTF) 5050120 0. 5.2.5 mg/L, 78 S 4
HEEA 300 mLJC A R (L3R 1)1 Few), B

complete ammonia oxidation;

biological aerated filter

KT Rb g b E IR, IR 3 22 vh i W (phosphate
buffer saline, PBS) 5 JUEHE A ¥k 17 1 15 A= ¥ B B
25, 1 v VRS O MUK TR S I AE 4 °C L9 300
v/min 250 , B F5 R U AR 4 B 26 W 2 21 S5y
werh . A T mol/L NaHCO, 2% Mk #1715 52 I 7
N pH, K pH AR FELE 7. 320, 1. B S0 28 CE T4
Tk B IR A v R IR LRSI AE 15 °C, Bl IR AR A
135 v/min. HiFR29 60 d i, RAELEWIRE i BEAT 165
rRNA JE K938 00 5, TG eI 3 i o

F1 EFKRAS
Tab.1 Culture medium components
H I T TC R F R AR
wn s A
WERARK | | WERAR | | WRARK| .
L8 L
KL | 1 ALK /L 1| BEk/L| 1
KH,PO,/g |0.05 HCl/mL 2.5 | NaOH/g | 0.4
Na,SeO,*
KCl/g 0.075| MnSO,-5H,0/g |0.048 160
5H,0/mg
MgSO,-7H,0/ Na,WO,*
0.05 H,BO./g 0.05 8.0
g 2H,0/mg
NaCl/lg  |0.584 ZnCl,/g 0.07
CaCO,/g 4 |Na,MoO,-2H,0/g|0.073
MG 7
S 1| cuCL-2H,0/¢ | 0.02
W /mlL
TR WL/
0.5 | NiCl,-6H,0/g |0.024
ml . .
CoCl,-6H,0/g | 0.08
FeSO,-7H,0/g | 1.0
1.2 DNARE

W HF DNA $2HA A= )5t , {8 FH FastPrepDNA
FE UL 2 (QBIOGENE, USA) #2 MU DNA, J5 JH 1%
B fE A B8 2 L YK #E NanoDrop 2000 (ThermoFisher
Scientific, USA) I JH 43 )t B 2 K6 ) DNA e i Fil
afifig
1.3 16SrRNAEEF EFIF SHIES

fifi 38 F 51 4 338F Fil 806R § 4 16S rRNA
FLR A V3 - VAR A X . PCR 7= 49 &4 4l b Ji5 ff
A Mlumina MiSeq PE300 - £ #4718 & . fiff

- 26 -



www. cnww 1985. com

WA= 2%, 5 2k T oK) B s 3 I 5 45 49 BAF JB 3h B 3L A AL AR

%384 %84
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Prugvl (WLPE 1) . BAF #E/K 4K +NH,CLECH] . 38
M EAE 6 em, 3 UBJZ A RGE JE 50 em, i3 82 A 80
BLO.6 LKy Mt E. M T 44 BAF, 7055
5 A1.A2 B1.B2, Ht A1 BI 3 BB R R I HAR 1
mm P BERD , A2 B2 % B IR RHR ] B AR 2 mm 1975
PEBE; A1 A2 3 B 3K E W FE N 0. 5~1 mg/L, B,
B2 % B K AL H 2~2. 5 mg/L.
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Fig.1 Schematic diagram of biological aerated filter
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REAIT AT 131,143 F 156 1, Herb AT 98 4N
R ARSI AT . AR S B T TR R KT
ERYFAPE LR 2(b) , LB 6 B ok R I — 2 R )
o 2R P BB RN S IRV TR K L b
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Fig.2 High-throughput sequencing visualization of three
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microbial samples
“HAEZAR 1Y Shannon (S BEEEYE ZFEPE) \Simpson
(LW RET&E ZFEE ) (Ace (SR 75 325 ) Fl Chao
(MR 5 B ) G2 o BT e B3R 2. A B,
C = 1FE Bl E A EE NH, N ¥ B ) T 57 , H Shannon
F&BAE TR, Simpson F8EUTE T K, [RI BT Ace Fil Chao
BECEBAE TR, R g B ORIk b B A A
NH, =N B i T+ A RV i 2 R F = s
v, 3X MR ok m] A H AR B2 NH, N DLy 0t
FhiE LA A
R2 BHHFEEEMISHMEIEY

Tab.2 Microbial community richness and diversity

index
Sl Shannon | Simpson Ace Chao
(mg-L™)
0.5 1.6675 | 0.4421 | 148.5874 | 150.461 5
2 25275 | 0.1783 | 162.1956 | 168.090 9
5 2.8287 | 0.1117 | 178.9769 | 179.6250

W 2(e) Fros , =20 RE AU =R AL TE
J& , 53R Nitrospira . Nitrosospira Fl Nitrosomonas (
Nitrosomonas - JE K F 0. 5%, BAE K Hh Lk BoR),
H At Nitrospira F1 Nitrosospira ‘.7~ H 88 & F 5 . H
I 7E 0.5 mgNH, ~N/L F 15 35 19 A 41 BE V& AU A7 A5
Nitrospira , H T W5 H NH, =N 5E 2 HL A NO, N,

ERE IR 15 HoAb B AOB W F7A7E , FLAF Ak
FERAATE NO, -N B8 R RRR AN AL R, kBl
GRNZE A B A % v ME— B i A6 181 & Nitrospira 1]
AEAEAERE = £ 1) Comammox Nitrospira. Bl 5%
NH, N ¥ B9 T, B C 4L fF V% & 80 T Al
AOB Nitrosospira, H. Nitrosospira H)=F- 5 NH,~N
We B L IE MG . AR, 7E 2 mgNH, =N/L BRI
Nitrosospira B 4= FEATy/INTF Nitrospira 194 {HFE 5
mgNH,=N/L 19 ¥ 58 |, Nitrosospira 1 = £ 15 K T
Nitrospira =FJE . XA NH, =N ¥ T (1) Nitrospira
FEHITERAPLWE 2(d) ], 2R B R A 5B
A5 CPET B 2E5 X AT T AN FIAY NH,-N
WIEFT 2.

AR TRRRG AV &I T Comammox
Nitrospira , %42 ) IRl 2 1 <5 Je 45 B3 B 18] (SRT)
TSP BE 1 HE A S 1 AR FSE T, =R
LAl 2 T SRT FMIR IR BE Y A= 250 i T
Comammox Nitrospira 75 fiff Tt 12 € 1 J& Nitrospira 1l
R EA I — DR i AL SRR PRI TV il i
FE T 16S rRNA J P33 1017 19 J7 325 B ARG X
43 Comammox Nitrospira FIEII Nitrospira NOB 1%,
FE A LD 20 43 BT k7 38 5 R Comammox Y 4 57
B RYGEE /TR W], Comammox
Nitrospira ¥ — BT B (1) amo A (25 I 42U i AMO
(1) AMEERAE ) AR T2 M9 AOB H1 AOA Y amoA JE
220 AT RUR T X amo A ZEPR A4 54 5 1 400 i
B NI AL 2432 (Fluorescence in Situ Hybridization,
FISH) 7 R A iEE U " (quantitative polymerase
chain reaction, qPCR) . ZZ & LM T (metagenomics
sequencing ) 55 BIF 57 ) a8 — AL AEAS HRG I H 1) Vi-
trospira ' Comammox Nitrospira ] = B , it — 2048
7~ HEARHE & 42 ) 5 Nitrosospira 138 H.AE F
B
2.2

BB

WA Wt s S Ak AR DL T 3, T L AR T
By B (R ik 2G5 % B B ) SR HH A B b A Sl 0B
A1 B R #% #0528 17 K sk 18] ) 2 R e A el 2 L 1
mg/L 12 mg/L R E IR BESAF T, 58 4 Bt T 7 o) 1)
53R 14 d A1 10 d, FLfa] I A A I 2] NO, =N 1) 8
L 5 IOR TR, R 6 e VR S BURHT A2 B2
;2 PR o8 i A AL (< 4 d) RN R T
NO, -N, UE B SEAETE A W A AR H
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NO=N ¥k 3% 2 T, Bl Je NO=N ¥ & 5 iJE /K
NH, =N &SRB ], R w2 P FaRE . A2 AT B2
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Pl T A e 08 Tt 52 7 i I R B — A1 0 G e — A A
o 7R AT e B A A AL

3 &

WEFE 1K) Wb ug ORI GR35 3% 0 0 R
HELL IR S F 72 A0, T a3 1T 4 <R
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BRI SRR SO . IR

O A AR AWK ELE IR 60 dJ5, 165 rRNA
FE Y B0y 2R B, AL R IR R AR I
Nitrospira . Nitrosospira F1 Nitrosomonas — 1 i 1t 7
J& , IR AR 0 Z2 FEPE RN BE B NH, N e
{10 T T B R, FE AR NH =N T, R T #5
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K AT RE R B NH,-N e BE TS
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JEME— 1 R B AR, i T ROBAs T NH, N
SEATEALIL NOS =N, S i v B 5 Wt R i il A 1
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@ AT 44> BAF 3 & TEK Iy 15 B
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