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B B DZERRAHMBRAZEMIBI, 2258 250 dis 175 IS 31 T ANAMMOX-UASB J% ) 2% . &5 %
B . fee shad fitdr, 220K Ui 32 W7 0RLAL S LIOR FLINDR ) 21 6 J80RE TS e Al (2 205 08 325 0 &G 1 R
SHATAY 3 909.51 pg-(h-g) ' A BEE 72.13 pg-(h-g)™”; BPS & &= 76 )8 sh ol B2 H Je % 5 7+, EPS 4l i+ 32 %k TB-
EPS, iU 54.4% T+ 75.7%; JE5hi2#2 % LB-EPS #1 TB-EPS W4 LI PN A ¥, H PN §IZB LK, 5k
Th 1Y 88.7% N 89.5% 14 T 99.6% Fl 94.7%; J& it Fvh EPS (94544 5 40 i34 & 4 5k . ANAMMOX-UASB 1 333
2 P4 ¥ Chaol . ACE. Shannon FI' Simpson 8 (¥ e+ f5 W, a3l L0 5 U2E W 2 R L3 & B B [ AIG . 15
e w2 W B R BB T 8 2B T2 1R M) (Proteobacteria) . 4% %5 T ] (Chloroflexi). JEERETR ] (Firmicutes). AFF A ]
(Bacteroidetes). ¥ I (Planctomycetes). 17 5 11 Candidatus Anammoximicrobium 3 5 % Wi Pl B2 N 2%,
M Candidatus Brocadia =7 Fx &3 & 12.15%,

XKHiE IREREAM; UASB; BLAREE; MAMNREY; WUEMREE

RA A L EREBR A& . LR AMMA LRI . 1507 80K, B4 Ak, HEREA
AT A R S IS I S, HOX PR S AR A B o Rk, AR IR A AL 2R S AR A
Ko, kAR R M FR ) TR S A A AL H R 1 TR I Y. Dokhaven 5 K ) R 45 4 %A fk (anaerobic
ammonia oxidation, ANAMMOX) T. Z; #& B} 3.5 a il I 3 zh 1, I, KA A %A kB (anaerobic
ammonia oxidizing bacteria, AnAOB) [ &2 & % . ANAMMOX T. 2 W)t 5 8 M fa g 8 17 5 B A 57
HHTZ K.

ANAMMOX T Z W PREUE 8l 5 s Je v . O e 28 BU3 DA OGP, R RIS 40 IR
A5 Je v T ANAMMOX T2 MR8, s RERBEFE, HERSRARBE D, Bais
i EHEA: 2021-06-14; FRAHEHA: 2021-09-13

EETH: HEARBEESWHIE (51978636); FE K A AR ¥ & HFF R %2 L0 H (51408570); H o @i A% LA B AL 55 9%
415 (201964005)
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MR B IRERAEETS IR &4 B AL TE 5 AnAOB [RlJE IR & E , 14 LU 85 ) IR AR i
BVE eIl N B B, SE AnAOB B 45, A4k T2 Rshiig, HHETIEMRER 2, Rt s
BTG e i R i g AU AR BRI A TS R A RAFDIREERE, BRI T2 . B AR, 5 ek
RAREEHEM. maEAE M ER. REWS ®E®HYS AnAOB By 15 58 5t A i, s 5 4E M
ANAMMOX T 2.8 sh B B Fhi5 U8 o S N £ 28 A0 1 322 52 i ¥ 18 [&] 44 455 B8 B5F [6] (solid retention time,
SRT). /Ky LFIEHSE, SN AnAOB B4, T2 A sl E . T2 sk, Fbal
#% (sequencing batch reactor, SBR). J¥ it XAz ¥ I N #% (sequencing batch biofilm reactor, SBBR). J&
H: W) KLV 4% (membrane bioreactor, MBR). A= 3 it £ 0] 5 20 3 3 ANAMMOX L2570 Fi R A
75 8 IR (upflow anaerobic sludge blanket, UASB) [z b #5/E F 58 2 [RR A S b s 0 748 B AR R, HoAA %
075 IR R BE B A AL R AR, 7T AnAOB YA KR L R PR R sE , HYE ANAMMOX 1.7
BATHRIEHREZE L BB . WANG F5EFDR PR A 24 A AL WURL 5 P& 7l T UASB L iy (22 L), £id
178 d Jg sh K ka5 is 47, A 2 L1 ] (nitrogen loading rate, NLR) Fl & 2 B4 ©71 il (nitrogen removal
rate, NRR) A &3k 8.25 kg -(m*-d)'(Ph N i) Al 6.93 kg-(m®-d)"'(LAN 1),

R, AR LR EE G e MR 5 e, UL UASB N #% ok 2 I 2% B 5 3l ANAMMMOX T
2, W5 T ANAMMOX-UASB S i 4% J7 sl #2 A9 AE s, % %¢ T ANAMMOX- UASB Ji 8z 17
R IE TR RMIEE . AR RN R G YRR, b TS B MRS a4
FIRRIE, fEAT T DI RE AR Sl A8 B LA, IR T ANAMMOX-UASB Ji shid B g A= W ke, R
A AT ZMIEE s 5 TN RS
1 MR5RF%
L1 SKERE

JIT R 0 S 06 4% E A€ 1 R, UASB J%
N g 2RSSR, A VLB, SRS
3.5L, HAERN 141, HP KN 6cm,
11 50 em. BRI UK H B 3l 5 N UASB [
I ES A, N ZE EMRE R b X L
WX G, gtk OHEE ; P AR k& T
BERHEALHR M o B X R FH JR AT A 2 Dk
Bt BT AnAOB ™ A A RS2 I o 0 #i T
YEWLEE R (35+1) C.
1.2 BE#MiSR

S R FHAE RS TR B A T T RS K Ab
PRTIR A AL TE, 15RIES 2B 6 200K, 1R 6 W B I [ R & W (mixed liquid suspended
solids, MLSS) ZJ k1 47.39 gL', 1B & W K& M & 77 [E 1K 5t & ¥k & (mixed liquor volatile suspended
solids, MLVSS) £}y 22.77 g'L™', MLVSS/MLSS 4 0.48. #Mi5E N 121,
1.3 L3RI

SU R K R N TRCRLUE K, NH-N FINO;-N 43 %1 i NH,C1 Al NaNO, #% 75 Bt ‘&, Hofth 32 %
4% % 27 mg-L” KH,PO,. 500 mg-L™ NaHCO,. 180 mg-L™' CaCl,-2H,0. 300 mg-L"' MgSO,-7TH,0. it
R TFEmMEH A 1 mL-L'. METED AR S &S &EN S5 mg L' EDTA, 5 mgL™
FeSO,7H,0. f# L £ 1K 15 mg-L' EDTA. 0.99 mg-L™' MnClL,-4H,0. 0.25 mg-L™"' CuSO,-5H,0.
0.43 mg-L"' ZnSO,-7TH,0. 0.014 mg-L™' H,BO,. 0.19 mg-L™' NiCL-6H,0. 0.22 mg-L" Na,M0O,-2H,0.

1 XBHEETRE
Fig. 1 Schematic diagram of experimental equipment
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J% 7K pH 4 7.5~7.8.
14 SHNETE

NH;-N R 94 FC 0 0 6 OG BE I 2 5 NOS-N R H N-(1-Z53%) & e 73 GG EER M 22 5 NO3-N
K H A 43 S0 BE VA U A 5 pH R 3 55 r A VL DU 22 5 SS A VSS SR i vA PUIlLE & i AT
(dehydrogenase activity, DHA) [ 32 B0 5 I 22 % A TTC i LU, M Ah 3R 59 (extracellular polymeric
substance, EPS) 2 B 5 1l 72 2 & WANG 25 UG 7 2 4 )2 352 B #3080 i 41 38 A% (loosely bound
EPS, LB-EPS) 5 %% %I s #b 58 & ¥ (tightly bound EPS, TB-EPS). % FH i & B0 bL €0y U2 ) 5 &2
B¥ (polysaccharide, PS) 7% i, >R EIER Folin-B i 55172 1 0 %2 25 H I (protein,. PN) 45 12 .

— 452 661 (three-dimensional excitation-emission matrix fluorescence spectroscopy, 3D-EEM) >k
755 11 (F-4 600, Hitachi, Japan) ] %€ F£ & 1 LB-EPS Al TB-EPS (1) = 4 ¢ 6 6%, i & i K
(Ex) & SHIK (Em) 439120 200~450 nm F1240~550 nm,  $4fia]FE A Snm , - F358E R H] 1200 nm-min ™',
FHRB SEIKAE R 28 AR A IE K P72 800 . SE 90 %446 >k H Origin 23 & 5017 .

XA Wit #% 28 5L W (polymerase chain reaction, PCR) M =48 &l ¥ & H Power Soil DNA Isolation
Kit #¢ FE 3 A 20 B4 IORE i DNA, (8 19053 5 53 550) 19 Bt M 2R e Fi K RS DNA ¥ B2 R T 45t
% 48 B 16S rRNA K& [Hl V3+v4 3 3 X 5, 5] ¥~ 341F(CCTACGGGNGGCWGCAG) #l 805R
(GACTACHVGGGTATCTAATCC), %I DNA #E17 PCR ¥ 17, 9" Ik R K4 38 5% AR s ) AR 4 09 Oy
AT . PCR Y1 ™ )i H OMEGA & [l Zlib iR & 2k 5 4 °C ORAF o FEAR A i b il AR B0R
AW AE B A R A W 32E 1T DNA $2 BRI 3. R FH Mlumina HiSeq w7 38 & 77 42 R 7F HiSeq 2500 %
GEFEATIN Y
2 BREWE

ANAMMOX-UASB [ Jij # 3 2l id B L R¢ 2 250 d, #e AN B 40 0 T AAOK A 01 (BB 1) 16 R3R
W (BB D) s MR N (B B ) AR E i A ) (B Be IV B B V) R sl B AT L LR 1.

% 1. ANAMMOX-UASB B#iid 2 &M B EITHER
Table 1 Performance of each stage during ANAMMOX-UASB startup process

o HEKN R /(mg- L) HIKNJ =W E/(mg L)
B iZ17HfEl/[d - HRT/h TNEBR /%
NH;-N NO;-N NH;-N NO;-N NO;-N

I 1~13 24 50 50 152.36+85.15 1.22+1.16 4.07+1.76 ~57.65+84.85
|| 14~53 24 50 50 4.68+7.92 7.91+6.31 3.4+1.73 84.19+£10.6
m 54~123 24 50~300 50~300 0.17+0.40 037+0.42  14.71+18.2 96.6+2.75
\% 124160 24~12 300 300 1.86+2.62 0.83£0.77  56.21£0.77 90.18+2.49
\Y% 161250 12~6 300 300 8.55+7.24 3.2242.02 67.54+6.9 86.78+1.72

2.1 SRR

ANAMMOX-UASB J Ji #i 422 #1375 ¢ 2 220K 848 A R A M k15 0 (8] 2(a)). BEE R shistT, 75
TN AVLIAWITEFE . TR EET, FEUN STEIZE R EZE TR 553 K, 2WRI5RE
OB W A A A, HAR A X5 e BB R AARIR . A5 100 KAT, R #s N o /N ORI 75
e, HEBsn o BIRAE (& 2b)), 256 b #5520 1 58 vl W DR A2 AT i 2 I e b
B LB, BN N AT U 5 AT A T 4 T 1 DR SR R A AR R T R — 2, A BH 2R S e R
Wikifk, RARZEATRAEE . PRGSOl TRAZEMFEERNSAEFE TN
R ¢, T5URKLIFEREE AT LR WK AR 2 A A TR i s AR RR BE AT DA Ay R MR ) i DR 4R 2l S A 0 M A
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Pa¥, BiE ANAMMOX-UASB W e b iz 17, 2URI5 e Pk fb ik — 2 e, 255 250 KA, =
I 7 PR L AN DR %) 21 6 SR 5 U8 R A (8 20K 5 R o 3 (8 2(c)), BT NRR Z4EH57E 2 kg-(m*-d) ' 42
F, REZEMHEC I EE.

NS

(a) BEFhI5 TR (b) 55100K (¢) §5250%
2 ANAMMOX-UASB & #1312 K5 R RS
Fig. 2 Sludge apparent morphology during ANAMMOX-UASB startup process

22 FBSES (DHA) &M

WA S 5 YR A FLY RO e DES SRR AR i Y A . — SR A B N AT
= ORI AR AR R OC R . R IR AR A AT R LA LY S i IR, BT AR ST
ANAMMOX-UASB S 1 7 i 8 4o 2 A 5t &0 i i 1 22 fb s T DA e it IR A s Bk T2 R shad s
PP FFREAEKNEN, 258 0E 3. i E 3T, KRG e AR AT, KRR MEY+
IR R, MBS PN 3 909.51 pg-(heg) ' (Bh TR i) 7E5S 53K, 5 U8 /Y I A B TE 1 AR =
2788.809 pg-(h-g)', XFZEEHNEAIYERIN, FHRMEMELET . BEFEN. MEE
L BRI ARLE (53~250d), IRARAEMREFIEZ LM, RFRESEH DAL, BB KR
BERRAMR, BeABE R 7213 pge(hg) s LINZ 4500 -
I IR AR 2 AL 15 Ve AR R 3 Fhis e a s IR A A 4000 |
AACTZERE, JA Sl S EEEHE A 684 png-(h-g) ™',
B A 3 I B ST PR 252 pg-(heg) o KIM
FRORR RN, RREREAMZSS T AV
G0 RGN AL N, F 3 TR Y e sool
S50 EWMRLL, 570 00 I UG T P Looo
T H W AR . ERARZER T 2R3 500 | %
o, KRR TEA LA, T RIRE R E o Lz, 1277771

_ Jaghii 53 123 160 250

ZRIET. SR BEIE R R REA EfAld
AR BAR A FI A DL A7 53 A, (B4 3 ANAMMOX-UASB & =it 12 o i Bt S B 25 1k,
LLCO, fERTEMLRRIR , Wi S MERIRE A I8 Fig.3 Change in DHA activity during ANAMMOX-UASB
BCH S AREY BT, CT 2TE A s B A startup process
— 2B Y I S I M
2.3 BASMNREY (EPS)

1) EPS & f& . EPS J2 RS 2 A Ak 15 Ve 19 35 2 40 LB 43, IR A0 24 A0 Ak 4 T 5 i A 3l 4t i A
EPS 41 i 1) AR AR R Y EPS HA Ji s PE M XUZ 450, 2 fR A R 25 (9 21 J2 (LB) Rl %5 R B 9 Y
JZ (TB) 411, EPS [ FZ 528 H I (PN) FIZ M (PS)P, ANAMMOX-UASB Jz v % )i a3 #&

3500
3000 -
2500 +
2000 F

Jid A EEE (ng - (b g))
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EPS & it M A WKl 4. & 4 50, 2 0~53 K, EPS & & Mk A%, w03 A9 34.91 mg-g (LU
VSS 11)(0 d) T & 14.48 mg-g (53 d), PN/PS 1 7.88(0 d) JI % 11.58(53 d); EPS " TB/LB Hj 1.19 2%
H1.07, 55 53~123 K, EPS & B WE[% £ 14.19 mg-g', PN/PS Hi 11.58 J & 14.25; EPS " TB/LB
6.21, %% 123~160 K, EPS &% T & 28.02 mg-g', PN/PS #—# T+ = 18.59; EPS 1 TB/LB H
4.15. %5 160~250 K, EPS & m4k2:+ & 39.21 mg-g', PN/PS J} %= 23.20; EPS # TB/LBZ£ & 3.12,
EPS 1 PN & w2 fb K, PS & AR fLARXT B/, HAER shad #2 v PN/PS 52k bFt. A ghad f2 b
EPS #J L/ TB-EPS y 3 ; LB-EPS "' LB-PN/LB V- {} 93.8%, TB-EPS " TB-PN/TB “F-3J{f N 93.1%,
%4502 EPS L PN S 3, F W EPS 12 FH i 7F ANAMMOX-UASB Jii sl 72 e SCsEfE A, X
5 GUO P {ig il TR 45 R — 3. KE W PN 7= A T BB IR T 40 M8 T S5 B9 R . 400 Ji 7 49 b LA
K EPS & A5 K M ANEE T 8. PNJER s K MESE M, PS RoR/KPERM, MAZEPI I £ 0,
EPS 1 PN 1% &% 5t 575 Ufe 1) 22 B A DTRE RE 7 IE AR G, B0 19 PN 7 1 T ARG 8 G0 A 40 SR AR AR 1) 5
k. DONG 55 Yoy 3R W, PN Hhaly I H fay (19 22 25 AT LU rh FDR SRy fr s far, DA Bl ¥ e 1) 22
% . CHEN ZEPVE B, PN/PS#R K, V5 e i U0 K Mk 68 B AF o /£ ANAMMOX-UASB J7 3 i #2 |
PN/PS 3 ST 7.88 34 & 23.20, 5 2RI Ue 12 Vi UKL (6 S LTI 1 fi 32 T 44 ik 1 A8 b i 35— 3

30

=30 — 40 15 ¢
: 5l . &LB § =~ o2 TB-PN
g &S TB ‘ \ ~ W2 % o 2z 18P
T NN w3 o 1 5 20
= 20 N § EC % E
% = = 7
2 15| \ = / = 157
= § B 4 % 4z %
;E;lo- . § 20 4 é’% é ?_; 10 %
Ay
2 st \ =g 3 / £ s %
%} 0 § 10 0 é %,,, A 0 é; \ — K AN N
JAZhET 53 123 160 250 JABhET 53 123 16 250
1T IR/ 1T R /d BATHT A/
(a) LB-EPSFITB-EPS & A5 fk (b) LB-EPSHPNHIPS & 1251k, (c) TB-EPSHPNAHIPS it 251k,

4 ANAMMOX-UASB BZid#EF M EPS 2 REFT T K
Fig. 4 Changes of EPS contents and components during startup process of ANAMMOX-UASB

2) EPS A 43 12 e Rk o 15 U8 EPS Hh & A R SOCRFIER BT, AT FH = 489850 73 6 B ik
43 M EPS 40 BURRAE . JR shad B A4 0, 53, 123 KA LB-EPS #ll TB-EPS = 4k % Y661 dn &l 5 Frs .
Hi 1€ 5 AT %1, ANAMMOX-UASB 7£ )i gl i 8 i 2 g2 2] 5 28 (A~E). i, 2 61E A220~
225 nm/330~340 nm) 35 7 % K I T 5 2¢ 6 g B(260~275 nm/335~340 nm) A 0 R 4R (2K
JT; 9 I €(270~275 nm/300~305 nm) 5 % 2 2 & 1 2P A G5 P9k D(220 nm/310~320 nm) 5
] B TS R T8 W A G, 29604 E(270 nm/425 nm) S & HL R 2 i PO,

5 AL B AETS IR it FE Y LB-EPS Al TB-EPS W ¥ 7E7E , P HILEfS 3hid #2 P (1) EPS ¥ L)
FEAE A2 AR LB-EPS fil TB-EPS FrAb (i B AR, (HILH 4 Fngh# 34l [7] . 7 LB-EPS H {7
TR A FI B, JCHABZDORIE, HJA ohid 72 h LB-EPS W45 5 4Ll Jf & kA KAk, 7248
53 RHT TB-EPS 1, BRAFFEDSGIE A FI B, i th L0 D, Ui I By Be A i 51 0% 31 8 1 28 T 7™
Ay 55123 KA, HILZEIE CRIE, 2060 BIEAR, Ul BIER A (8 & R B 11 28 W T e Ak Ry T 2 R 2
FEY R, =4:985045 R, 72 ANAMMOX-UASB J3 33 #2 15 6 EPS 1 1) TB-EPS 1) 45 ¥4
L L 25 kA Ak

ANAMMOX-UASB J& &1 1¢ #2 ' LB-EPS il TB-EPS 1 £ W G S8 0L 5% 2, i 2 /M, %6
WS AR AR B S (FRRLL ), sin MK s (oM iEES). 78 LB-EPS ', 4 123 K%K
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400 YGRS 400 YIRS
280
360 240 360
£ 39 180 E 5
W K
& 280 120 &2 280
240 60 240
(= N
200 IS S 0 200
250 300 350 400 450 500 250 300 350 400 . 450 500
K /mm KK /mm
(a) JA BhATLB-EPSH) = 4E5 6% &l (b) Ja SATTB-EPS I = 4 u Ytk &l
400 400 SO
360 360
3 320 3 3
& &
& 280 5 280
240 240 §
200 = 200 = 2
250 300 350 400 450 500 250 300 350 400 450 500
KA /mm KA /mm
(¢) 2853 KLB-EPSH = 4k5 etk &l (d) 553 KTB-EPSHY =4 ot ig
400 400
360 360
£ 3 )
W K
& 280 X
= & 280
240 240
200 S L 200 &
200 250 300 350 400 450 500 200 250 300 350 400 450 500
K5 /nm K5 K /nm
(e) 45123 KLB-EPS{ =457 i & (f) #5123 K TB-EPSHY =45 ik 1Al

5 /BENid#2h LB-EPS 1 TB-EPS K = 48 55 K 3 ik

Fig. 5 Three-dimensional fluorescence spectra of LB-EPS and TB-EPS during startup
JGUE AW Ex I 5% 5 nm, #Y Em 7 MZLFS S nm; 2G04 BT Ex J7 M ## 15 nm, 7 Em J7 [0 41
%5 nm, 7E TB-EPS ', %% 53 KEFZ6IE AR Em )7 M 208 10 nm, {H 2% 123 KT Em J7 [n
¥ 10nm, 5ESIEIAE; 960 B # Em J7 7 £04% 5 nm, EROF5E4REN, KRB 35 EPS
T S AR IO, PP R LA 5 & i S UL | Rt | St . EIE AR AL B 4
IAH SR , K W A8 W) 5 57 A R ksl b, D7 B IR RO [, LB S B At e IR R ik | R N a8 Ak
OB LA G o D G I I R e 5 8 1 72 A6 B ANAMMOX-UASB Ji gl #2175 72 EPS Y 2H
gy AR R R AR
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#& 2 ANAMMOX-UASB B zid 2 LB-EPS 1 TB-EPS HITR LK TE S H
Table 2 Fluorescence spectral parameters of LB-EPS and TB-EPS during startup process of ANAMMOX-UASB

A 4B EC D I%E
FER mHE/d

Ex/Em SHEE Ex/Em SHREE Ex/Em SHEE Ex/Em SHEE Ex/Em R

0 225/330 2745 275/335 175.1 — — — — V4 —

LB 53 225/330  193.4 275/335 136.2 — — — — — —

123 220/335 51.0 260/340 65.3 — — — _/ — —

0 220/330  176.5 275/335 109.0 — — — - — —

TB 53 220/340  296.4 275/340  210.0 — — 220/310  260.0 — —
123 220/330 477 — — 270/300  48.0 220/310 478 270/425 153

24 MEMEE

1) T Wy ZREVE RN 328 B 43T . ANAMMOX-UASB Ji5 g3t # ik 26 1) 2 REPE R 5 B 4 3
Fine 3T, FrfkEah i 2R KT 99%, X F#WIA R M e f T e, Bty
T8 5 RN 2 RE I 25 R 5L 5 Y nT S M R B S P, ACE il Chaol 8 80T LR AE W A Y = 5
JE, HAEMOK, B &R E s . Shannon $5 80K HIKR VBN AL DR & 41 00 e e e, HEBOR, 3R
R 5 52 2 P BB = 7, Simpson 5 B0 i 0] 7 2 R FEVS IO X 00k, HAEROR, SRR PR3 B
A= W TR R L B RO, 6 3 T 1, TS Ue 1Y Chaol Al ACE 45 %843 %1 & 594.16 1 583.74, %
53 K ¥ Chaol F1 ACE 5% 5 il b+ E R KAH, K 695.08 Fl1 682.31, IX 3 HH I i A4 BE V% v Fr &5 40 Fb

mEE, AR IT KRR, Hon R, 2w RAEE AR AR . 2 250 K

TR 351.00 F1312.34, FU T 2ZH shillbm
AL A SRR A AE N, HEFEE
AR R, R 75 P8 69 Shannon 38 28 M 5.19,
5553 K BT R KM N 6.06, KWL HEE 2
FPE IR 55 250 RFEMRE 443, HIFE PR R
N g IR B, DA B A A W T
L, LA TAE Y B R R, S B
BEVEEZREA BT T Me. M5 JEAY Simpson $5
k092, %53 K BT R KE 096, £
BF I 7 A PN O 35 TR B T o) e o e K5 AR
250 KT FEA 087, BCHEF5 JEms A AL, *
WY R o e SRS, RSB T o5 /Y L A
FIF R B

2) AT IR A B b . 4 UEY
FETTKRSE B = BERT 10 A9 40 22 ) i 4 oA Xt
FEHEEEME (B 6)., EENEILEI]
(Proteobacteria). %% 1# '] (Chloroflexi). J& &E
W ] (Firmicutes), L #F & '] (Bacteroidetes) .
Latescibacteria ¥ 1] . Cloacimonetes W] . %%
W ] (Planctomycetes) . JZH ] (Actinobacteria)
FPET R 1] (Verrucomicrobia), T 5 W 1]

%3 ANAMMOX-UASB 2 g 12 &
MEDSHERMESTE
Table 3 Microbial diversity and abundance during startup
process of ANAMMOX-UASB

ffE/d  Chaol ~ ACE  Shannon  Simpson  ##i%/%
0 594.16  583.74 5.19 0.92 99.5
53 695.08 682.31 6.06 0.96 99.5
123 343.23  328.19 4.78 0.90 99.8
250 351.00 312.34 4.43 0.87 99.7
1.0 -
08 [l Others
. B Verrucomicrobia
B Actinobacteria
B Planctomycetes

W unidentified_Bacteria
Wl Cloacimonetes

B Latescibacteria

W Bacteroidetes

B Firmicutrs

Wl Chloroflexi

W Proteobacteria

A% /%
o (=]
ES N

JashET 53 123 250
iZfE R/

6 ANAMMOX-UASB 3 &1id 2 th £ 41717k F LR AL
Fig. 6 Composition of microorganisms at the phylum level
during startup process of ANAMMOX-UASB
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MV BT 9 A S RE I . 28I R T R4 AR b i ok W], e R shad B v B i BT,
7.22% LT+ 54.40% . EEEY FIH L R AL B8 IR (upflow blanket filter, UBF) J b 4 i 81 R 4
REMNTZ, BEINEZBEIEM T 12%, #IF5855 R SBR H M i M5 e J3 20 K A = A
L2, IEEIITER s B R TR, FRUPRE RN, AR5 RO ay ISy o 4 b
HIER . BT SBEHE FIFEATRA G, T R 45D 72 R %4 it i (anaerobic baffled reactor,
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Abstract The ANAMMOX-UASB reactor inoculated with flocculent anaerobic digestion sludge was
successfully started up after 250 days operation. During the full startup process, floc sludge was gradually
granulated, and mainly consists of irregular red granular sludge and brown flocculent sludge. The activity of
dehydrogenase decreased from 3 909.51 ug-(h-g)™" to 72.13 ug-(h-g)”" during the entire startup process.
Furthermore, the EPS content declined initially and then increased, and TB-EPS proportion increased from
54.4% to 75.7%, which was the main constituent of EPS. Meanwhile, PN was also the main component in both
LB-EPS and TB-EPS, and the proportion of PN increased gradually from 88.7% and 89.5% to 99.6% and
94.7%, respectively. During the startup of ANAMMOX-UASB, both the composition and structure of EPS
changed, the indexes of Chaol, ACE, Shannon and Simpson increased firstly and then declined, and the
microbial diversity and richness decreased after successful startup. The dominant phyla of microorganisms were
Proteobacteria, Chloroflexi, Firmicutes, Bacteroidetes and Planctomycetes. The abundance of Candidatus
anammoximicrobium decreased gradually and vanished eventually, while the abundance of Candidatus brocadia
increased ultimately to 12.15%.

Keywords anammox; UASB; dehydrogenase; extracellular polymeric substance; microbial community
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