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W OE CRMOR SR R R X 58 R U TR SRR R AT SR P AL B, B SY T O G S R Y 3R 1 R
Ik RAFESAAEYIE . BATERE . BUEWREK S R ILTh e e R E EEM Ak, 25REN . MRS
FAR M LS OB R 1 5 2808 K A0 F S ol A a0 33.27°, BAL A L 3 T RRURIIR BFF S 44 FL A% 4 S R 8.98 m?-g ! RNl
3.01 nm $&%5 % 9.66 m>g ' M14.98 nm, B EHAE RGN, SEOKMERER B OCE; RS R BT SR AE YT
JRE A 0.18 g, Motk JE P I f ORI T S R 0.37 g, M [RI At [R) PN B AL o EURE I 9 A 4 IR A L T SRR
TR T 53%; HRLECHRTS R R DA KR EHAE 8% LI L, mBEMFAERE R, 2 RE WS H
L, FEIEEWE R 2 Candidatus Kuenenia, PUHESUEHE LT R UCHE OB MUA AR FEERETE &, LR2O6E
H PCR(qPCR) &5 R B /R, Bt hzo 3 R AH X} = & My 59.50% 1% = 73.50%, 4% T 14%, nxrB F: AT 3 5
21.10% W8 2 17.70%, FEART 3%, Bsbvol WL, R et )m Rm A e sgm, LY ETheeMEwfiEs
P A BTN, AR AR BAR R T G A 25 IR A RBCR AR RS

KR REREAM; RESE FARUCHE; sy, SO E B PCR HA

KA PR K IR R B — A EE U, nAk, TZ2WBE . R, sk e
B B AR A A T 4 —— R A & A AL (anaerobic ammonium oxidation, Anammox) £ il 43X > 5 [1]
Y AF 5T TR o

IR & A AL TE (anaerobic ammonium oxidation bacteria, AnAOB) M T ALK . X 3R 5E K42
K, FREIREA AN T LG shaEEH o BB MPE GG A AnAOB A K I 454, [ S 1y a4 PR it
Ja S Ffs e 12 17 & H 1 Anammox i FH T 52 B 75 7K Ab 38 rp ik 75 i o A fE &2, Anammox A= B T. 2
E—EBE LT DB Ak, JFRE ERMAEYEY, B% M Anammox T. 2 JEH
Anammox A 9 I5 [z N 7% i85 02 17 I T 2 AnAOB RERN & T Uk R 1H , B G MM AR,
I, BURMEREXT Anammox A9 IR S N 5 B PR S 2 S ERUE 12T A EE SN
WS BHEA: 2019-04-29; RAAHEEA: 2019-07-09
HEeUIB : EZRATS el 56 BRI 3T (20172X07106)
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PR B A= W B OB A AFF 5T B A AR R T2 28 RGOk, dn i Ak IR v 19 3R 2 HORHS ) [
SER PR AR TP, AT B R S AR R N AR R TE AR T DL ROIR A SR
By N T A ORGPk 2R BT s AR PR B TE AL B MLGR] a2 S Tk AR B R SR T )
FE5H, SUAEIE R R ] AREL | BRIL | BAIRIL G IE A, el R R K M elobEad A
MR AR 2R 2S5, WNERER . ASER o S AL VR, W AG RN . HH A% R A A5 b i 1 i AR AL ) B A
BRR . LA S A MLIA R, By X IR i ™ F 5 e, G VR oy B LA K Ll R B Sl EURE A
5% 2 FPIEURE X Anammox AF P38 A 1 B AR 52, & 30K 1L SEURE A B 25 R R LT B R R
1 20%, L B A AnAOB FHXT B R R 25%, BEREZREMEE S XIASSEUO 6 SR F S AL W g
R 2R 00 A9 B R e 43 e M BEORE BM™ AR 5T T LR 1 9 S SEURE R AR SV #F Anammox T 20 )i
NS, RISt EURE BM™ J5, RN £ e SR AT DR 57 do IR A B TR B RS X
MR EAT T 2Ok B R AL B RTY, 5 GERIEA BORE] B TR I 2], X IREE T
TG, HARRRE R, ACREGF . HATROR S S AR EOR RN T AR A D Re M
BEATE LR B DL AL, DA BB S R K & 28T G W 1 v Ak A BRI R TR A TN PR UK
S TSR AR 45 2 IR A 38R — W iR & T EE TR (PET) &4 F A RN R 5, & MR R H
C=— O M C== C XUVEH AN, e L, FARMEM B, MAESEM A RS S TR AR
ST ¢ BN R A T N-C A FEnt W ), ol el A 7 /s DR B2 38, 3 TS 380bE ) 36 T
20 S R0 PR T BEE SE USVHE AL B OH,S AN CS, &R AR R, B0 Al R A R A5 B T A R
H,S 1 CS, 19 2B %0 43 5135 ) 90% F1 70% .

AR IR 25 3 P IR P AR TE AR Ak 24 25390, X EREE 0 — kG g, X i 43 1 A R 2
REA BT RO PEROR AR B 53 2R PR IR 45 88 TR B R G 3R 20 BR OB R AT 1 el X b T ek iy
Jo SRR TR . Anammox T AW . KIWETIMAXCR , IF45G MiSeq i 5 I ¥ 5 A F
S 58 fiE PCR(QPCR) 4 A % O R J5 Anammox 25 ) I 22 45 04 (8 LE 1T 7 235 460 R F 1 ) i 35 1R
AR 3 B W AR AU HEAT T 408, AR TR 55 25 F R B R I F Anammox B T 2 #2415 %

1 MB5RF*®
L1 ER

A BlPE SEURL Ry IR 3R R TR SR (LR S IR R BB A BR A B 3ERE, BRI AR R -
LB 97.3%, 2242 0.98 mm, HE#E 27 kg'm™, FIHLBIYI R 1.0 cmx1.0 emx1.0 em 1E 7k, £ H.

UM SEURE A oA et OB 28 IR 45 B8 IR HOR SR I AL RS A 0RE, A5 R AR SR I R R
7 [ Plasma Technology GmbH 2\ & B & Y MiniFlecto®&} i F /N 45 45 88 i Ue L . (RIR &5 5 F
A% 1 Ah BAE L,k T ARURE R AR SR TR RR T, TAEDIR 300 W, AR i bR
(0 °C, 101.33kPa) | 6 cm®min™', EL%5F 20 Pa, AbFRAF[E] 2 min'',

1.2 MMRTEER MR

MRHT, SR IR B T 200 OB EA T A 31, AR R R, A 25 9 RSERE £ FH JCL2000D
A f A 0 4SO 3 R T ) R S R AR (0)s DURKIR IR SR ZE IR K, B 1A AR VRO 2218 T
FRERE R, TR 5 AR 2 1 Bk ) R ) oR S R, SIS AT R il JF BEREAE AR
PLE D S OBCT-I(E, IR 22 P i A £0.5°; B2 fi A I R B 5 25 0 B A5 U RS s MREER
17 PR AE L 22 ol A 0 B JE ALK R Young 5 RRUS AR F]

o0 RS OB Y E 2 T RLUR AL AR A A6 R FH 4 sh H 2 T AU FL BR 4 M 42 (3Flex surface
characterization analyzer from micromeritics, USA)!', i@ i N, W i B X B A7 00 22 . FEMR AR 77 K
T, U He M#EA, N, WA, fERX R pip, 4 0.01~1.00, 0 % W R <5 i 2k, 455 BET J7
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AR R BIH ERY B LA ML 01 .
1.3 MMBTEIER Anammox 3 5B R g SL 16

K2 EH AT R 300 mL WIS A/E 7 Anammox A= ) B8 /MR S2 IG5 B 0 S1 W w9 PN 2 1E
AR IR R [ EDRE, S2 N gt PN ke JEL SO SR AR T SEORE , SEORHE 58 LU 345 12%. #2051
JEREEIBAT 1a LU E Y SBR it 52 #8 T Anammox RIS I8, $ERR S VR E R 2 000 mg L',

SER KA N TELK, BK 4R 225 M 6O kY, B2 HE . (NH,),SO, Fll NaNO, &7 Bi i ,
KH,PO, 30 mg-L™", MgSO,-7H,0 300 mg-L™', NaHCO, 500 mg-L!, CaCl,-2H,0 150 mg-L™"; It E
[ (AmLL"Y: &R 48 (EDTA-2Na) 6.39 g' L', FeSO, 7TH,05¢g-L™"; fHEICKE T (1 mL-L"):
EDTA-2Na 19.11 g-L™', H;B0,0.014¢-L™", ZnSO,-7H,0 0.43 g'L™", CoCl,-6H,0 0.24 g'L"', MnCl,-4H,0
0.99 gL', CuSO,-5H,00.25g-L", NiCL-6H,00.19 g-'L"', NaMoO,-2H,0 0.22 g-L"'. #k/KHFj, X AT
e 7K B & (NL)30 min,  F5 il ¥ %0 (DO) /T 0.3 mg'L™', pH 2l 7.8~8.0

N SE R B AT A 24 h, #F7K 15 min, S B[] 23 h, ##T 30 min, #E7K 15 min, HEZK 90%.
W L 97 O S A T IR R U R T AT SR, R IR R A 150 rmint, WREE N 30 °C. AT 10d K
Je s, K A B AT R 100 mge(L-d)™, P A AL (NHG-N) i 50 mg L™ #1IE A 2 45 L (NO3-N) i
50 mg-L™"; 10~70 d #F 7K & 7 fa7 24 200 mg-(L-d)™", H A NH]-N 100 mg-L™", NO;-N 100 mg-L™"'; 70~
120 d #/K & A A 100 mg-(L-d)™", HANH-N 50 mg-L™', NO;-N 50 mg-L™",
1.4 DG E

BT bR S R E R AR R & A bR kP e . ZA (NHE-N): 0 [R5 40 S B L
ok WA ER A (NOJ-N): N-(1-Z535)-& M3 G EE T AR ER A (NO-N): 284h ot ik
SV (TN) AP o 7 R 4 484k R A4 6O FE v s pH R JENCO (i #5 X B 1 22, DO SR WA A
i 485 X ARSI A

VAR BT B 45 K, BUHEERESEORH JC R K ohisk , B aRE A 105 C M, fEIR T
SR, WEERREE, W TR R TS R IORHE T 1 mol L™ NaOH W 1, 70 C &4 T
JK¥ 1h, 40 Hz 8 F5 % (KQ-300DE HY 4% i /5 B T Ve A ) A0 1 h, /KGR0 2 I 7% A= W) BBk vk
HORLI AR EAE T . A, FREIRY TR . BOR T B . SRR AR P Heal () A

_ (mrs — mgs) 1))

Mys
K. g h1gHBRMAEYE, g mg NRHEWMTIE, g my AERYGE TR, g5 mys
RIEBT R, g.

FROEBITZRS 70 K, BURRHICT 50 mL 2048, JEEUR N AR K B, T/ A ZhE
DAL IR 10 min, EAYBESERBYE, JeKIRS YRR E 3000 rmin ' T &0 3 min, F2EE
W, AR B UR AR IR DNA, {50 3 1 7 R qPCR A

DNA 2 8. >R FH 1 3 DNA #2507 & (Omega Bio-Tek, Inc., Norcross, GA, USA), #H
A= Y AL 241 DNA.

MiSeq =538 5 JF : X AT 1Y 16S rRNA H i V3~V4 XI, #EA7 /N BOEE RSO kg g, JF
BT Hlumina HiSeq M5~ 6 %5 12 SCEE AT SR sl Ji7, 223 25 Pf 82 u8, X PT A AR B9 A7 3508
5, L 97% 1y — 21k £ 1T OTUs(operational taxonomic units) 225, SR 5 XF OTUs 1Y 51 347 %) i
BERE s Ak o ZREPERN B 2 REPE 20 M 48 75 A A 1 ) ol 2H ORIV V% 25 A 1Y) 22 5%

) HR5R
2.1 MRTEERIREMEE
PR I I 2R TR I R PR R IEURE 0 R A il A A BET b 2R T AL K 2 SR R B, ot i OR)E A B
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fil f o 99.24°, PSR BUE 898 m* g, TV HFLARENTE 3.01 nm, ZARRSF & FIRSELE,
Befh kR 65.97°, HURHG £ AR R £ 9.66 m>g !, LI AAEF T 4.98 nm. #HE Young J5 Fi
TR SCPERT R AR H g, 420 29.31 mNom™ FhiE 3 41.39 mN-m™', LR M AU N 8%, R
P (IR 5 B TR AR AL B TAR B, FERREMENT, HE—EMESER, AR
DN S s 51 % = S N = £ B ) A SO = R W5 a0 1 -2 0 Ve = B A N = = S
RN RE ), &R AT RE, 5 A& ERE (—OH. —OO0H) ¥,
PR R A, AR R O, X AR ORL R EDRLRE B RGN, EORROK MRS DAekE , it
Fefuh f 2 WEREAR, WARSRT A AR, 4&m U R E B EURHY AR WA TS A R TR
Y E T HERmA K
22 MMBIEERNAT Anammox £ME T 2B MIEEIEIT

SN s AT 25 45 R, WCCHE TS SO AT AR P R A A, A5 SR nE 1 iR o 7ERRE
IBATINR], R WO B BT R A W T2 T 06

SR 0.18 g, Bl M ORI 5 42k SR 15 @ osh

P PR 037 g, Bk, I 1 g =

{3 i SR 2 I R L T G 05 T -

53%. 36 BRI A R G IR 46 1 - P B AR £ 03

A PG SRR TRRE 40, 4 TSR = 0f g

HosRok s, AR T AURBRI A K, By s

BT W A, e T BORHEEBUR B . T

i, PR AL BN T 0RO R TR, O B T I

R 2R UL IR 1 845 REMH R AN REE MR T
23 ERCERTE X Anammox TZ B B MR Fig. 1 Changes of biomass quantity on fillers before and
EEITH R B RN RS after modification at 45 d

RECHEIECRE ST SN AR IR S2 S W % RIS Anammox Fg, #F7K N fifaiy 100 mg-(L-d)™,
NH;-N 24 50 mg-L™', NO;-N 4 50 mg-L™' (A&l 2 ir7n ). 2% 3 KIF4G, S1. S2 " A NH;-N FINO;-N [f]
AR BR, X TN 2B R0 LUK 8] 70% 2247, 18 #ENO;-N 5 14 #8 NH-N /9 Lt {E Fl 4 B NO;-N
W FENH-N B9 H 20 000 1,12, 0.22 F12.02 F10.13, S5RESAYHLAE 1.32 F10.26 #2632 &
il TN 2Bk 3%t AnAOBSE K, AnAOB G T IRk . AR 4 RIFLR, ST A1 S2 i TN LB
Tt 80.07%~91.84%, X NO;-NAYJ 2= B R 4 £5 T 96.84% LA L, X NH-N (9 2= Bk % 4 45 16 57.88%~
83.67%

YN AR BB TS 10 K, 27K N ffif 2 200 mg-(L-d)™', NH;-N & 100 mg-L™', NO;-N
9100 mg- L', MG &St 60 d. FEMIE, S1 KW #§NHI-N, NO;-N. TN 2= 5 5 51 K
81.07%. 97.14%. 84.97%, S2JZ i #% NH;-N, NO;-N. TN ¥ % [ R 4 5] 4 80.51%. 96.08% .
84.20%; HFENO;-N FITHFENH,-N (1 52 bR FUAE 7E S HU M 1.32 2247, {HA: NO;-N 5 1 #ENH-N iy
FOAE P44 F B8 H A 0.26, X A BEJRAEAE B0 20 RO AL, B AE A6 9 A5 AL U v R e U F 1w A 4
FET R A LR,

MIB T ES 71K, F#K N G E 100 mg-(L-d)",  H A 5 b 2 AR 22 & S2 bR R K Al
6o MGTA] ST S B 48 NH;-N. NO;-N. TN “F- 34 25 Br 5 53 il O 86.45% . 98.98% . 84.73%, S2 I )i fir
NH;-N., NO;-N, TN 2% BRI N 88.28% . 99.30%. 87.01%. A EfTHIH], 2 AR BA
WORIEAMT, X 7] RE R T A A5 I SR FH 09 2F K 3 0 1 A 441K, K P B e i, A A
IBATIAE] 2 A RGOS T HA — 300 8 B AR
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—a— jiEKNH, N —x— RO PEEORH I KNE, N -a— j#f7/KNO,-N —a— RSP ZKNO, N
o BOPEBURH KN, N —o- AR BCHERTRINH, N2 3 o EBURHIKNO, N 4= REPESURNO, N
o WP BRINH, N 2 % I PEBDRINO N KRR %
100 5o 100 140 i 100
2 { P 120
. on
£ 80 80 & £ 80
-‘3:3 5 2 100 il
§ 60 FHL 60 _ZM % 80 60 .‘;
o o =3 &
Z
X 4018 40 uzg § 60 w0 &
Fa E OB 408 =
= 4 4 H Iz i El
L2 20 g 0 X @ 0 X
=B A = 20
1 =
O 4 o 0 O R I Ry AN A L N D Ty Iy AN A WON O
0 20 40 60 80 100 120 0 20 40 60 80 100 120
AT [E]/d Zf 7] /d
(a) NH:-N (b) NO,~N
= HEKNO, N s RpePEURHE KNO, N —a—EKTN =R K TN~k ok K TN
—a- U PESERHE ZKNO, N —o— REMEER TNEBRZE -l R TN R B
~ 30 25
O ~ o
é" oo200p §
= @ 175 <
¥ 150 »
% ¥ .
e Z 125 i
: S ol 2
Z % 100y ;JE
H =75 =
= 2 50 H
= E4
e = 25
X L T :
0 0
0 20 40 60 80 100 120
1T /d IZ1 T [E]/d
(¢) NO-N (d) TN

2 REMEMSHHENRETREX T ZHEKERENIEL
Fig. 2 Comparison of influent and effluent nitrogen concentration in two anammox systems with
conventional and modified filler

24 FRESITHIE, MBI RENEMEME B EERMS SR

1) A= W BT A= W T 5 R R AR 20 AT o SR FH MiSeq 5 38 £ 30 37 B2 R 43 B TR ek T s A= 9 3
BIHE S DNA R B XPREAR A 208 s, L 97% B9 — Bt #E1T OTUs K2, JfXF OTUs 1 ¥ 41 it
YRR, AR T RS R X ol M A S R AR AE S 2R (T WL B, B B) Bty
SEH 2 RN (R XE LG A3 AT, e IR B A X TR BE AN L 3 B O BORE A T IS Y
top100 J& HIRERIF A, 2iillE K- P RG & E W& 4 Frs .

& 3 AT, BORMSCME AT S AR W RE W E M TR G M AE IO AR, T A L S
P R B FE IR R ) (Planctomycetes) . "SI ] (Proteobacteria). #5111 (Chloroflexi). I FFHH ]
(Bacteroidetes) . FRFFIAI ] (Acidobacteria) %57, Horr, BRI R G A= WL IR 4] (Planctomycetes)
XY R E, 2008 17.55% M 17.56%, T4 2P s g i, RIEJREE M T Anammox
WKLY e DL R AR T 3, X F B2 16.69%; AnAOB J& T 70 SXAR R I35 1 H 1)
REAAMERY, SHFE R BRILZIh, $UFFETT (Bacteroidetes), ZE L ] (Proteobacteria)
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100

others
Armatimonadetes
80 | Verrucomicrobia
Actinobacteria
T 60t - Candidatus-Magasanikbacteria
% Unidentified-Bacteria
= Acidobacteria
= 40
Bacteroidetes
Chloroflexi
20 | X
- Proteobacteria
- Planctomycete
0

ROk Eigezara
3 EMKMREEMERETKE ENIMESEE

Fig. 3 Relative species abundance of biofilms at the phylum level on fillers before and after modification

I BCPESORE 1
Planctomycetes
Bacteroidetes
Proteobacteria
L Chloroflexi
Unidentified-Bacteria
. Planctomycetes
Verrucoccus-Thermus
. Deinococcus-Thermus

Firmicutes

Actinobacteria

. . Gemmatimonadetes

W ABFEW SR R AR R B TR 1 LR
T AWETE R B 1) T s 25 B A0 45 P 9 BT 7 1 11 Fi o
B4 ERAMIERESENENRERKELNIM AT L EH
Fig. 4 Phylogenetic trees of anammox biofilms at genus level on fillers before and after modification

S TR ] (Chloroflexi) WA X F BE WAL & 5 $UFF BT (Bacteroidetes) 1€ 2 Fh IR A= 9y S 1 29 531
10.93% F110.72%, $UFF T 1T — 20 A LB I 0 ME BRI B RE , B TR BEA MLE R 1, REREAX
K E Y, BMERGIM™; AZIEET] (Proteobacteria) 53 3| Y 9.58% F19.50%, A B 55"
R, BRI RAE R ZBUEY IR EGD Fe b e T 2R R U R 2k

Rt — A R R R AR AR A, B K B X R AT (B 4) & PR, Candidatus Kuenenia
J& FE (Y AnAOB DI RETH B , AR £ B 43 Il 2 17.55% H 17.56%; v SEURE et 17 J5 2% 4b 5 R 1Y T
BERARIE W 1] (Proteobacteria), H: 23 B AL (AOB) WA 4k 5. il & Nitrosomonas 1 3.72% % & 1.96%,
J A AL B (DNB) Bt i 12 £h 0 7 J& Denitratisoma™ i 3.45% Ft+ % 4.04%, DNB (/) Haliangium J&
3.72% B E 1.96%. Bt 5 A= W0 B T 4 S AR TR (AOB) i 1L 5. i B Nitrosomonas = JE FEAIX
Denitratisoma J& AHX = HIN A Ji X ] RS2 2l PR SURHAH L TR B PESORE, AR IR I R, /1
WIS oA 2 1 DR S P 05 R 2 T iR 1 DR A B M TR R 2R s Haliangium J& 52— 28 5 45 HLIBT FE Af AH G
(0 SR AL TS, BRI A A DB 1 2 1 D PR T R R R I IR 55 8 A Ak 3 ) R i 4
PR AR B A HLBT, N Haliangium JE A2 HE T4 R R AR KIS . w0, SO ERCME | 5 26 1 A= ) 1B
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AnAOB F i THAEE, Rk T 2 MERKREMALRE, HIEZR TS A AOB. DNB, ©
115 AnAOB F: R 41 08 & T BE R AE, LA W dk /K S0 B8 A S/ INIE B, AR T RS A /U8R o

2) A=Wy R A W R T Z2 AR 3BT o SR FH MiSeq =i 3 2 I 7 152 AR I 5 S20RE el P i 5 AR 0 1)
RS DNA F B, %2 N FE 5 IS4G 20% 51 E1 73— 1k (64 695) /b B )5, 4 8 97% M AH L 1153
Alpha ZFE T8 %0, 3% 1 frsn, Alpha Z 44550045 ACE #5 %1 . Chaol #5%% . Shannon $§ % i
Simpson $5 41, FREGE A, VLAY FNFEE ST, Alpha 2R PTIR BLES AT AT, 2 SRR
14 I P % B 8 5O 5 R 1 T 99%, 3k Ul W e 45 R AT DA A TR S0 o A I AR W VR A AR
IRAA A A ALT5 Ve T 3 & B2 48 50 ACE Fil Chaol B2 B 45 S T 1, 0t 3R ACE Fil Chaol F8 50K
866.03 F1 847.85, Hi/ 5l v F oK vl Pk BEURE X B 1) 816.57 1 803.05, 33k 3¢ WA 420K} ko1 Jis BEUR) | A1 Wy
AR R, R MRS, F5 s PR AR PR AT HE V% &2 24 B Y Shannon A1 Simpson $§ %5 ¥4 14

x1 BENXMETEMEYRESHELERS

Table 1 Diversity statistics of microflora on fillers before and after modification

BRI OTUs/™  Shannon  Simpson  Chaol  ACE AAMBLEE /%
AR PSR A P 739 5.36 0.93 803.08 816.57 97
PR SRR A A 838 5.67 0.94 847.85  866.03 97

I, Xl A PR R AR M 6 DB R )

- PEHDR KEPEHUR
FRE R o i
T HURL P TS 2 B9 OTUS 4 H
Koy A K21 OTUs 1Y Venn K], 45 RANKEl 5 209

Jii 7R o Venn [ AT LA ELOUL Hb Jz BRFE & 8] 9 OTUS
BH KA TRRE S ) 22 KRR, S T
M, OFE 2 AR MR R BUR RS, —
5 988 45 OTUs, Wi A1 OTUs (5 OTUs
B 63.66%, 1629 4%, FE4r054 H OTUs 5 EF OTUs MBI E4E YIRS E B Venn
B HY 75.06% (2% P T kL OTUSs 4 % 838) I Fig. 5 Venn diagram of microbial communities in biofilm on
80.74%( S fl M HURL OTUS 4 7!;;5( 779); SEPNG fillers before and after modification based on OTUs

HWoE M A OTUs I 5 , BB &F 209 4 1.8x107 -
OTUs, APt SORHS A 150 4~ OTUs, 43 5l 4 Lexio [ RS T L
% F OTUs ) 24.94% Fl 19.26%, 1% i — 5 W] o | AR
CPEICRE B IS AR WA S AR 2 R ; 1.2¢107 | 1
25 MMAIEMRNMEVEREENTL 5 Loa0} 1
BT qPCR F A, % SURKSUHE R 5 A 4 1 E‘ 8.0x10° -
I RE A M R B D R AT AN, R H £ eoaoy
M REEL S hzo L . nxrB BEIH M2 16S IRNA o 4.0x100 F
IR . 16S TRNA 22411 H A3 N, DLk 2.0410° ﬂ"\
VER hzo FEH | nxrB K& AR XF 3= B2 (1) BE A R— hzo I6STRNA
2 BL K E AR ANE 6 s o Ho hzo LA DIESEIA
16 5 S k38 JRL i} (hydrazine oxidoreductase) 1Y) 2 El e HERMETEINEEEREE NI

Al LI L B S A A A B T LK TR 4R SR A AL Fig. 6 Comparison of copy nymbe_r of functional genes before
and after modification of filler
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i e ) = 6 28 NOH, A AR 480 A B NI 38T NIXREE D] 2 37 i 52 420 1k i J5L 8 (nitrite oxidoreductase)
DI RESRE A, & BE AT LAAE AL i R £k S AL M i AR £, ] DIEAL S R k30 I WS R &k, Rk,
A HWFFEETH NXR 70 NOBIAEMIARIC , 1M nxrB S22 5 NXR (4 B 37 4035 PR A7 25 i Sh e R 2 — .
HIE 6 n LA, hzo BEHF nxrB FE K 5 DI EUAR7E 1x10°copies ng ' A K 9, eCMERT IS hzo F& K AH
Xt 42 BE 53 51 A 59.50% . 73.50%, ERMERTJE nocrB FE PR R BE 4 B 21.10% M1 17.70%. LA L,
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Variation of operating and microbial community of Anammox process with

convertional and modified filler by low temperature plasma technology
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Abstract  The conventional polyurethane foam plastic carrier was modified by low temperature plasma
technology. The variations of surface physicochemical properties, anaerobic ammonium oxidation (Anammox)
biofilm quantity, nitrogen removal performance, microbial community structure and functional microbial gene
abundance of conventional and modified filler were investigated. The results showed that the static contact angle
between the surface of modified filler and distilled water decreased by 33.27° compared with conventional filler,
single point specific surface area and adsorption average pore diameter of modified filler increased from
8.98 m*g ' and 3.01 nm to 9.66 m>-g ' and 4.98 nm, respectively. As a result, the surface roughness of modified
filler increased, and its hydrophily improved obviously. The biomass on the conventional filler was 0.18 g, while
the biomass on the modified filler was 0.37 g, over the same period, the biomass on per mass filler increased by
53%, therefore the biofilm formation rate improved obviously. For both the conventional and modified filler, the
total nitrogen removal rates maintained over 80%. Furthermore, Illumina MiSeq sequencing indicated that
Candidatus Kuenenia was the dominant bacterial genus in the biofilm on the conventional and modified filler.
Compared with the conventional filler, the biofilm on the modified filler had a higher microbial species
diversity. Quantitative real-time PCR (qPCR) showed that the #zo gene abundance increased by 14% from
59.50% to 73.50%, while the nxrB gene decreased by 3% from 21.10% to 17.70%. It could be concluded that the
biofilm quantity on the modified filler increased, and the richness of functional microbial improved, however,
the nitrogen removal efficiency presented slight change under low nitrogen influent loading condition.

Keywords  Anammox; low temperature plasma modification; Illumina MiSeq sequencing technique;

quantitative real-time PCR
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