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W OE RS R R N 58 R U TR SRR R AT SR I P AL B, B SY T O S R Y 3R 1 R
Ik RAFSAAEYIRE . BATERE . MUEWREK M LT e e R E EEM Ak, 25REFN. MRES
FAR M LS OB R 1 5 28 08 K A0 F S ol A a0 33.27°, BAL A L 3 T RRURIT R BFF S 44 FL A% 4 S R 8.98 m?-g ! ANl
3.01 nm #2755 % 9.66 m>g ' 14.98 nm, B EHAE RGN, SEOKMERER B NCE; RS R BT SR AE YT
JRE N 0.18 g, Bt JE P I B R A W T S R 0.37 g, M I At [R) PN B AL o A ORI 9 A 4 IR A L T SRR
TR T 53%; HURLECHRTS R A DA KRR H7E80% LU L, mBEMFAERE R, 2 RE WM
L, FEIEEW R 2 Candidatus Kuenenia, PUHESUEHE LT R UCHE BB MUAE AR EERE T &, L2062
H PCR(qPCR) &5 R B /R, Bt hzo 3 R AH X} = & Hi 59.50% 1% = 73.50%, 4% T 14%, nxrB F: DR AH T 32 2 th
21.10% W8 2 17.70%, FEART 3%, Bsbvo] W, R et )m Rm Ay e sm, LY Myt
PR A BTN, AR AR BAR A 0 G A 25 IR A RBCR AR RS

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

KA PR KRR B — A EE R W, Ak, T2 . L. ke
B B AR A A T4 —— R A & A AL (anaerobic ammonium oxidation, Anammox) £ il 43X > 75 1]
R AIF 58 TR o

IR & A AL TE (anaerobic ammonium oxidation bacteria, AnAOB) M T ALK . X 3R 5E K42
K, SRR AN T LG shifEEH o B PE§1E A AnAOB A K I 454, [l S 1y #% PR it
Ja S FTfs 2 12 17 & H 1 Anammox i FH T 52 B 75 7K &b 38 rp ik 755 i e A fE &2, Anammox A= B T. 2
E—EBE LT DB Ak, JFREERMEYEY, &% MM Anammox T. 2 J5H
Anammox A 9 I5 F2 NV 7% 155 S0GE 1T I T 2 AnAOB RERN & T Uk R 1H , A G MM AR,
I, BURMEREXT Anammox A IR S N i B PR 2 SERE 12T A EE SN
WS BHEA: 2019-04-29; RAAHEEA: 2019-07-09
HEeUIB : EZRATS el 56 BRI 3T (20172X07106)
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IR B T A gy B SO T 5T 2 BT X R TR] T2 28 B A 3R0RE, ANy Ak R b 1) 3R 2@ Rk &
FERH IR R BTRRC . KOl A PO Bk A AR RN A% R B R4 A T DL KGR A R
S XA OB B MobE Z2 ok B A AL M JCHLE A ML, 38 R b 2 A Ak el 2R A R 3R TH 4
FEEM, BUAETETEEUR R 9 AR AL | PRI | BAPRIL RS ], SCE AR R KM E s Bt R
i RSN, WERER . SRR AT A AL IR, SR FR AT . K IR A & i B o A AL ) S
R . RS R S A DL, B X PR 1 ™ EE TS YO, 8 R o3 B DAL A R R R SR SRR, A
5% 2 P DB AT Anammox A= W U8 A A9 B ZCRICR 52 e, & 30K LA SRR B 2 25 B A L T B R B
55 20%, HFRTEE A AnAOB HIXT 2 HE R 25%, BRE L REETE 5 00 AR A0 SR FH AR in 2 9 ity
At 2 SR C T 8T R e A PR SR BM™ 5 T XS g DR R AR ) B SN 2% Anammox T 20 JH
SEYFZI, IESM e MEEDR BM™ S5, RO AR IS 2l R AT DA4E A 57 do ARG IR A B AR R = X
MR T T 20 B A F i AL FRE RN, SRS RIEA BN R, B I A 255, X BT
TG, HARREE R, ACRESF . HATIROR S S R EOR FEN T AR A D Re M
BEATEHLIECRL R BRI DL AL, DA BB S R K T & 25T e W 1 v Ak A BRI R TR A TN PR UK
S TSR ARG R 55 2 IR A 38R — W iR & T EE TR (PET) &40 F A RHEE IR R 5, & MR R H
C=— O Ml C== C WU =GN, FERILpD, FoKMIEMGE; G MRS 5 IR ER
I TE 7 BB R A T N- A FEnp W ), ol 4l A 7 /s DR B2 38, 3 TS 380pE ) 36 T
i B SR R PR $E i A SRV AE AL B HLS RN CS, SR AR AT, & B AR IR 45 B AR BOR X
H,S 1 CS, 19 25550 43 5135 ) 90% F1 70% .

A AR S5 B TR MR B AR T2 A AL 2= 25 3%, X IREETJC ks 5y, X &5 0 7 A4 Rk 3 i v
REA BT RO PEROR , AR B 53 2R PR IR 45 B8 TR B R 0T 3R 20 BR OB R AT T el X b T ek i
JE BURHR TR . Anammox T A i . KBEAT AR, JF45G MiSeq = i & Iy £ AR FI
S B} 96 % E fi PCR(qPCR) 43 A X 251 B i Anammox A= 9 5 28 4t A4 T804 W 8 v 45 A R E AN Th RE L X
AEXE = BE A ACHEAT T 4007, AR 45 25 IR H R 1 FH T Anammox AE W T 28215 7%

1 MR5RF%
L1 ER

R BT SEURE Ry 19X BR 2R ST v R SR (TR S AR RE B A IR ) ORE, R B AR AR o
LB 97.3%, 2245 0.98 mm, HE%EE 27 kg'm™, FIHBIYI R 1.0 cmx1.0 emx 1.0 em 1E 7 &3, £ H.

U SEURE A oA oM OB 22 AR 45 B8 IR HOR SR I AL RS A 0RE, A5 B AR SR R R
7% [#] Plasma Technology GmbH 2\ &) B % (1) MiniFlecto®F} B F /N B 23 288 T el . IRIR & & T
R ALBRAE S, R AR SAE N A TR SR, TAEDIFR 300 W, SR & N FR i
(0 °C, 101.33kPa) | 6 cm®min™', EL%5F 20 Pa, AbFRAF[E] 2 min'',

1.2 4RI EERMERESRIE

MRHT, SR TR B T 200 O E AT A 31, AR R R, A LS 9 BSERE £ JCL2000D
S A ik ) 4SO R 3R T P S A ik AR (6); MR A S 2R 1RK At A 85 R 2 12
TRERERT, W S5 A RE e T il R D oR A BRI B st Bl A, T R AR A AN (R
AL S HBCE- S48, IR 22 I AE 0.5 #Efl A I e 38 2 % 0 £ R/ U I SE s MORLER
11 [ FH B 7E 322 fl A 00 3K L Al AR Young 7 RS AR 3

oM T JE R Y 2R T R R AL AR 4 A R FH 4 A B L 3% T AR RN L BRE 43 AT A (3Flex surface
characterization analyzer from micromeritics, USA)!', i i N, W i B B 4700 22 . FEMR AR 77 K
T, UHe M#EA, N, WA, fERX R pip, 4 0.01~1.00, 0 5 W B <5 i 2k, 455 BET J7
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AR R BIH ERY B LA ML 01 .
1.3 MMEBTEIER Anammox 3 S B R g SL 16

K2 EH/ AT R 300 mL A IMLTE L A/E S Anammox A= 477 B8 /MR S2B6 25 B 0 S1 2 # PN 2 3E
AR IR R [ SEDRE , S2 J N gt PN ke JEC SO SR T 1 SEURE , SEORHEL 58 LU 345 12%. #2251
KR EIBAT 1a LU E Y SBR It K2 78 T Anammox RIS I8, RS JRHE N 2 000 mg- L',

SER KN TREK, BK 4R S 2% M G Ty 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™"; i ItH
[ (AmLL"Y: &Y R4 (EDTA-2Na) 6.39 g' L', FeSO, 7TH,05¢g-L"; fEICKE T (1 mL-L"):
EDTA-2Na 19.11 g-L™', H;B0,0.014¢-L™", ZnSO,-7H,00.43 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/KHj, *F AT
e 7K B S (NL)30 min,  F5 il ¥ %0 (DO) /T 0.3 mg'L™', pH K 7.8~8.0.

N SE R B AT H I 24 h, #F7K 15 min, S B[] 23 h, ##T 30 min, #E7K 15 min, HE/K 90%.
W L 97 O S A T IR R R T AT SR, R IR R A 150 rmint, WREE N 30 °C. AT 10d K
e sh i, K A AT R 100 mge(L-d)™!, P 2 AL (NHG-N) 2 50 mg L™ 1 Al iR 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 A7 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 R & A bR kP e . ZA (NHE-N): 0 G5 40 6 B L
3k WAHER L2l (NO;-N): N-(1-Z836)-& e/ 6ot s MR 4R 20 (NOS-N): 84040 et vk
SV (TN) B i 7 R 0 48 Ak R A4 Y6 BE v pH R JENCO (i #5 X B 1 2, DO SR WA A
i 485 X ARSI A

AR BT B 45 K, BUEREEORH H JC R K ok, B aRE A 105 C A, fEIR T
SR, WEERREE, W TR R TS R IORE T 1 mol L™ NaOH W 1, 70 C &4 T
JK¥ 1h, 40 Hz 8 F5 % (KQ-300DE AU 42 i /5 Il T Ve A% ) A0 1 h, /KGR0 2 i 7% A= W) BBk vk
JORLI AR . A, BRERY TR . BOR T B . SRR AR P Heal (D) A

_ (mrs — mgs) )

Mys
K. g H1gHBRMEYE, g my NRHEWMTIE, g my AERYGE TR, g5 my
RIERT R, g.

FROEBITZRYS 70 K, BURRHICT 50 mL 2048, JEEUR N AR K B, T/ A ZhE
OHLEC IR 10 min, ZEAYESERBYE, JeKIRS YIRS E 3000 rmin ' T &0 3 min, F2 L
W, PR B UR AR IR DNA, {50 3 1 7 R qPCR A

DNA A9 $2 8. >R 1 3 DNA #2507 & (Omega Bio-Tek, Inc., Norcross, GA, USA), #H
A= YL 241 DNA.

MiSeq =538 5 )5 . X T4 1 16S rRNA W V3~V4 X, #EA7 /N BOEE RSO kg g, JF
BT Hlumina HiSeq M5~ 5 %5 12 SCE AT DR i il 7, 223 25 PF 82 08, X PT A AR A B9 A7 3508
5, L 97% 1y — 21k £ 4T OTUs(operational taxonomic units) 225, SR J5 XF OTUs W 51 47 9) i
BERE M A o ZREERN B 2 FEPE 20 M 48 75 A A 1 ) ol 28 ORIV V% 25 A 1Y) 22 5
) HR5R
2.1 MRTEERIREMEE

2P AT T SR TR A TR R SEURE 11 5 S 42 ok £ RN BET Bb 26 1o AR 4t SR 2R B, ol iy S0 1) 32
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fil f o 99.24°, RS HCREBUE 898 m* g, VR FLARENTE 3.01 nm, LTRSS FIRSELE,
Befm kR 65.97°, HURHG £ AR R £ 9.66 m>g !, LI AEF T 4.98 nm. #HE Young J5 Fi
TR SCPERT S AR T H g, 42 29.31 mNom™' FhiE 3 41.39 mN-m™', LR M AU N 8%, R
P (IR 55 8 TR R AL B T AR B, FERREMET, HAE—EMESESR, "R
DN S 51 % e = S N = £ ) A SO = W5 -2 1 29 0 Ve = B A N = = S
RGN REE), &M RABEMNRE, 5 A& ERE (—OH. —OO0H) ¥,
PR R A, AR R A H R, XA RL R EDRLRE BE RGN, EORROK MR RRAR ISk, itk
Fefub f 2 B REAR, WARSRT A BRI, 4& & R E B EURHY AE WA TS A R TR
Y E T HERmA K
22 MMBIEERNAT Anammox £ME T 2 B MIEEIEIT

SN B AT 25 45 R, WCCHE RS S0 AT AR W R A A, S5 SR nIEl 1 R o 7ERRE
AR, R WO B BT R A T2 T 06

JFA R 0.18 g, kM ORI 5 42k SR g 5 @ osh

TR 037 g, BCESR , I i 1 Py =

{3 i SRR 2 I R L T 05 T -

53%. 36 B PR A R G146 1 - P B A o £ 03

A PG L SRR TRLRE 40, 4 T UK = 0f g

Bk, AR T AURBRIR A K, By s

WA T L A, e T BORHEE RS B L T

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

R WL IR 1 845 REMH R AN REE MR T
23 ERCMERTE 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

RUCHEIORE ST OB AR IR DR 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™' (4 /&l 2 ir7n ). 2 3 KIF4G, S1. S2 " A NH;-N FINO;-N [f]
R BR, X TN 2B R 0T LUK 8] 70% 2247, 18 #ENO;-N 5 14 #8 NH-N /9 Lt {E Fl A& B NO;-N
W FENH-N B9 H 20 000 1,12, 0.22 F12.02 F10.13, S5BSHYHLAE 1.32 F10.26 $23, MLmf 2 &
il TN 2Bk 32t AnAOBSE /K, AnAOB G HETF IRk . AR 4 RIFLR, S1 A1 S2 i TN LB
Tt 80.07%~91.84%, X NO;-NAYJ 2= B R 4 £§ T 96.84% LA L, X NH-N (9 2= Bk % 4 45 16 57.88%~
83.67%

YN AR BB T RS 10 KA, $EFHEK N ffif = 200 mg-(L-d)', NH;-N & 100 mg-L™', NO;-N
9100 mg-L™', MG &St 60 d. FEMLIE, S1 W #8NH-N, NO;-N. TN 12 5 5 51 Ky
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 (19 52 bR FU A 7E S FU M 1.32 2247, {HA: NO;-N 5 1 #ENH-N 11y
FOAE H4 I F B8 H A 0.26, X A BEJRAEAE BT 20 RO AL, B AE A6 9 A7 AL U v R e U F 1w A 4
FET R A LR,

MIE T ES 71K, B#EK N G E 100 mg-(L-d)",  H A 5 b 2R 220 & 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 #ir
NH;-N., NO;-N, TN 2% BRI N 88.28% . 99.30%. 87.01%. A BfTHIM], 2 A RBA
WORIEAMT], 3K 7] RE R T A B 5% 0 SR FH 09 F K 3 0 1 A I8, K P B e i, A A
IBATIAE] 2 A RGEARRE 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 s 5 R AR AR 20 AT o SR FH MiiSeq 5 38 £ 30 )37 B2 R 43 B TR ek i s A= 9 3
B S DNA R B XPREAR A 20C8E . L 97% B9 — B4 7 OTUs K2, JfXF OTUs 1 ¥ 41 it
ITYI PR, AR T RS R X ol A S R AN RS 2R (T WL B, B J8) Bttty
SEH 2 RN (R XE LG A3 AT, Hrr IOk B AR X TR BE AN L 3 i O BORE A LG IS Y
top100 J& MR T, 2iillE K- R & E W& 4 Frs .

13 AT, EORMSCME RS AR W RE O E I AR S M AE KO AR, T AL S
B E B FE IR ) (Planctomycetes) . "SI ] (Proteobacteria). #5111 (Chloroflexi). I FFHH ]
(Bacteroidetes) . FRFFIAI ] (Acidobacteria) %57, Hor, BRI R G A= WL IR 45T ] (Planctomycetes)
X EEY R E, 200 17.55% 1 17.56%, T4 P s g i, KIEJREESM T Anammox
WORLYS U6 DL SRR AR & T 3, XS F B2 16.69%; AnAOB J& T 70 X AR R IF 35 1 H 1)
REAAMERY, SHFE R BRILZIh, $UFFETT (Bacteroidetes), ZE L ] (Proteobacteria)
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100
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= Acidobacteria
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0
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3 EMKMREEMERETKE ENIMESEE

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

I BCPESORE S
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

RIS TR ] (Chloroflexi) WA X F BE WAL & 5 HUFF BT (Bacteroidetes) 1£ 2 Fh IR A= 9 S 1 29 531
10.93% F110.72%, $UFF T 1T — 20 A DLBR I 0 VE R Y B RE , B TR BE A MLE FR 1, REREAX
K E Y, BMERGHIYM™; AZIETET] (Proteobacteria) 53 3| Y 9.58% F19.50%, A #ff 55"
R, ABIRRTRAE R ZBUEY IR EGD Fe b e T 2R R U R 2k

hy it — A R R SR AR AR A, B K B X R Ay AT (] 4) & PR, Candidatus Kuenenia
J& FE Y AnAOB DIRETH B , AR £ B 43 Il 2 17.55% H 17.56%; v SEURE et 17 J5 28 1b 5 R 1Y 1
BEREAIE 1] (Proteobacteria), H: 23 B AL (AOB) WA 4k 5. il & Nitrosomonas 11 3.72% [% & 1.96%,
J A AL B (DNB) Bt i 12 £h 20 7 J& Denitratisoma™ i 3.45% Ft+ %= 4.04%, DNB [¥) Haliangium J&
3.72% B & 1.96%. IR oM 5 A= Y0 B T 2 S A TR (AOB) i 1L 5. i B Nitrosomonas = JE FEAIX
Denitratisoma J& AHX = HIN A Ji 5 AT RS2 Bl PR SURHAH L TR B PR SORE, AR IR I R, /1
WIS ON 2 1 DR S P 05 R TR iR 1 DR A B M TR R 2R s Haliangium J& 52— 28 5 45 LIS R A AH G
(0 SR AL T RE DY, B R A S 1 2 1 D PR T R R R 2 I IR 5 8 A Ak 3 ) 2R i 4
BRI AR B A HLBT, 8 Haliangium JE A2 HE T4 R R AR K IREE . w0, SORLEICME | 5 26 1 A= 4 1B
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AnAOB F i THALEE, Rk T 2 MERREWALRE, HIEZR TS A AOB. DNB, ©
115 AnAOB F: R 41 B8 R T BE R AE, LA W ik /K S0 B8 A S/ NI 3, FR3E T RS A e /U8R o

2) A=W R A W R I Z2 AR 3BT o SR FH MiSeq =i 3 2 I 7 152 R I 5 SE0RE el P iy 5 AR 0 L 1)
RS DNA F B, % 2 N FE 5 T84 20% 51 HE1 713 — 1k (64 695) /b B )5, 4% 8 97% M AH DL 1153
Alpha ZFE T8 %0, 3% 1 iR, Alpha Z 44850045 ACE #5 %1 . Chaol #5%% . Shannon 4§ % Fl
Simpson 544, FREGE A, VLAY FNEE SO, Alpha 2R PR BLES AT, 2 SRR
14 I P U8 B 8 5O s R 1 T 99%, 3k Ul W e 45 R AT DA A TR S o A I AR W VR S AR R
IRAA A A ALT5 Ve T B = & BE 48 50 ACE il Chaol B2 B 45 S T 1, U3 AL ACE Fil Chaol F8 50K
866.03 Fi1 847.85, Hi/ 5l v T oK vl Pk BEURE X B 1) 816.57 1 803.05, 33k 3¢ WA 20K} ko1 Jis BEUR) | A Wy
AR R, R MRS, F5 s PR 2 AR PR A HE V% &2 24 B JE Y Shannon A1 Simpson $8§ %§ ¥4 14

*1 ENXMETENEYRESHELERS

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

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

i, Xl A PR R A M I Y D BE R AR )

- bk RS
FRE R oy i
T HUR S S 2 4 B 9 OTUS B F
B4y A K221l OTUs (4 Venn B, 25 544N 5 209

Jii 7R o Venn & AT LA ELOUL Kb fz BRFE & 8] 9 OTUS
BH KSR RE S ) 22 R AEoKCERT S S T
A, OFE 2 AR MR RTE BUB RS, —
5 988 45 OTUs, Wi#E A1 OTUs (5 OTUs
B 63.66%, it 629 4%, FF4r054 H OTUs 5 EF OTUs MBI E4E YIRS E B Venn
B HY 75.06%(2k P T RE OTUs i % 838) I Fig. 5 Venn diagram of microbial communities in biofilm on
80.74%( e e M HUEL OTUs 4 %[ 779); SEING fillers before and after modification based on OTUs

BB S A OTUs 1 7 . oM OB & A 209 4> Laelor
OTUs, APt ERHS A 150 4~ OTUs, 435l 4 Lexior [ RS T L
% F OTUs ) 24.94% Fl 19.26%, X i — 5 W] o | EPAAORL
SRCPESEURL B MY B AR A S AR 2 R ; 1.2¢107 1
2.5 BUMAIEIREMEDERFEENTL 5 Loa0} 1
I qPCR A, X SE0} Bl v i s A= ) E‘ 8.0x10° |
D REGIAE Py O TN BEREAT R, REFEAY H £ eoaoy
M RERL S hzo L . nxrB BEIH M2 16S IRNA o 4.0x100 F
IR . 16S rRNA 2241 H B3N, DLk 2.0410° ﬂ"\
VER hzo FER | nxrB K& RUAH XF 3= B2 (1) BEHEAE R— hzo I6STRNA
2L BEAS R INIEL 6 s o Horh hzo FEIH R DIESEIA
16 5 Sk 38 JRL i} (hydrazine oxidoreductase) 1Y) 2 El e HERMETEINEEEREE NI

Al LI L B S A A A B T LK TR 4R SR SR AL Fig. 6 Comparison of copy nymbe_r of functional genes before
and after modification of filler
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B e ) = 6 28 NOH, A AR 480 A B NI 38T NIXREE D] 2 37 i 82 420 1k 38 J5L 8 (nitrite oxidoreductase)
DI RESE A, & BE AT LAAE AL 0 i R £k S AL M i AR £, ] DI A R k30 I WS R &k, Rk,
A WFFEETH NXR 70 NOBIAEMIARIC , 1M nxrB S22 5 NXR (4 B 37 4035 PR A7 5 i Sh e IR 2 — .
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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, [llumina 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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