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Abstract An anaerabic sequencing batch| reaJctor( ASBR) 1n0culated with activated sludge was employed to investigate the start-up of
anaergbic ammonlum oxidation ( ANAMMOX ) process] and_thé spatlal distribution of extracellular polymerlc substances ( EPS) in
ANAMMOX granule@ The results showed that'the removal rates o NH,’ -N and NO, -N reached more than 99% . The removal rate of
total nltrogen(TN) was 89.87% +0.43% and the TN removal load in the ASBR was 1.7 kg-(m’-d) ~'. The ratios of nitrite
consumption and nitrate production to ammonium consumption were 1. 32 +0. 08 and 0. 24 +0. 03, respectively. Besides, the pH and
the effluent nitrate concentration in bulk liquid were considered as two simple indicators for rapid diagnosis of ANAMMOX
performance. The proteins( PN) was the main component of EPS in ANAMMOX granular sludge. The PN and polysaccharides(PS) in
ANAMMOX granules were (59.61 +5.64) mg+g™" and (12.21 +2.04) mg-g~", respectively, with the ratio of PN/PS reaching
approximately 4. 88 +1. 39. B-D-glucofuranose and dead cells were distributed in the outermost layer of granules, while living cells,
PN, lipids, a-glucosamine and a-mannose were distributed throughout the granules and mainly concentrated on the outside of granules.
PN and lipids constituted the framework of ANAMMOX granules and ANAMMOX bacteria were embedded among the PN and lipids
matrix.

Key words : anaerobic ammonium oxidation ( ANAMMOX ) ; eranule sludge; extracellular polymeric substances ( EPS) ; multi-fold
fluorescent staining; anaerobic sequencing batch reactor( ASBR)
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Table 1 ~ Wastewater composition

Wy W /g 17!
NH," -N(NH, Cl) 0.03~0.8
NO, -N(NaNO,) 0.04 ~1.06
KHCO,4 0.50
KH, PO, 0.05
CaCl, -2H,0 0.18
MgS0, -7H,0 0. 10
Pk TE R | 1.25 mL-L"!
[peeresaiy | 1.25 mL-L"~'

®2 WEITRAS

Table 2 Microelement composition

.“._.l'.

B Hor Wﬁ/g:LTl
MR TR EDTA " 3
FeSO, :7H, 0 ol 145
" EDTA S 15 o
CoCl, *6H, 0 ;.iz)’.x24 |
€uS0, +5H,0 1 0.25° 4
/' Nigl, 6H,0 #4019
B EEHEIL i1 BO, 0.014)
i ZnS0, -7ﬁ20 e 0.43
£ s\ Anck-6H,0 0.99,
,""' Nallo0), -2H,0 o 4
J . NaSeO,-10H,0 0.21"

1.3 Wik
1.3.1 S HFEERHT

NH," -N2R AN G5 4366 EE 7 s NO, -NSR
N-(1-Z583%) - e YOO BE T s NO Sy -NR H 45513
6Ot B 2k pH: TR #4 PHS-3C & pH if; MLSS Al
MLVSS SR HE R L. 1AM, IRA A E AL R4S
R AR I T
1.3.2 % Ot JR 7 42
hybridization, FISH)

P T A B IR A T PR TS U6 2 mL, B0
(10000 r-min~")5 min, & FWER, A 1 x PBS 2%
AW 1 mL R ERBREM RS, A 1 mL ()
4% ZZ R  CE 4°C N EE 3 h, i1
JEARE. RIFE ., M2 B, IMA 1 x PBS 42
A 1 mL B0 5 min, PERZREZ R P BB
HEEBME3 K. &5, AR R 1: 18 1 x
PBS ZZ A RN TO/K 18 #2251 B T - 20°CfR- A7

WA AR 2Z . B 4% 22 5 I 11 2 I 9 95 1

v fl P ; o
A2 ( fluorescent in situ
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R SRR T AR TS vt g A | 2/
3APATHE, TES IRE S AR 50% | 80% | 95%
() TR A T3 3 min W) 40 L3R AT e K, BB I
KA. B 2 mL 4438 %2 #p ¥ (SDS 10% , Tris-HCI 1
mol L™ ,NaCl 5 mol-L~", 5 F H Bt , ddH,0).
W TCE KB Y 25 ng- pL ™ I0ERE 52458 28 vh ik
FRARFRLL 12 8IR A M0 FR, B i 4Rt i A
46°C A S min. HETRIA 1) 258 5% RS A7 7E 2458
ENITIF WK LR I, H &L ERE e 2 se i B v i
LTI A2 PR A TR P 22 U R A 1 3

B AL A T, 1F 46°C H R E E Bl L9 plL
BISTAEY L rTs IR AR5 3 iR
Rl ThTE 46°C T 2438 2 ~ 3 h. 434
Jo B B A PR I TUERS 9 T 1k 2% i (SDS
10% , Tris-HCI 1 mol-L~", NaCl 5 mol-L~", ddH,0)
H46°C KIS 10 min J& FH 4°C vKoK shyeRE Sy, T Bk
EARRT. S T AR L 3 7 R O 3R R
5 5055 ( Leica TCS SP8) #Ef7WIEX.

ARSEE T AR (£ 3) B, IRA A
H 8% A Eub338mix . Amx368.

F3 WHRBEMFZZWHETANRE
Table 3  Probes used in FISH

WE AR RNA J¥31(5'-3") PRICHH B SCHk
Eub338 GCT GCC TCC CGT AGG AGT

Eub338 I GCA GCC ACC CGT AGG TGT Real bacteria [19,20]
Eub338 1l GCT GCC ACC CGT AGG TGT

Amx368 CCT TTC GGG CAT TGC GAA All anammox bacteria [ZI] -

1.3.3 MRS YR SO E
EPS (1) 4 W SR BR824 1 I ¥ Ecation
exchange resin, CER) 2. HU&A 071 ¢ MLVSS 1y

T5UEREAD ,4°C | 5,000 r-min ™' F3F B0 10 min T

TR B0 P (VR DR PR 2
(%45 2 mmol*1 Na,PO, , 4 mmel - ¥ NaH; PO, ,9
mmoll- 1}~ NACI 1 mmol -~ KCI, P31 ptk 47
TR B0 mL. g5 TR R 00 IR 4 R AT

5000 roin! FEHE L 10 min. ML T S BT

W, AR T 0I5 8. FRLT & T B TiaHeR]
fig ( Doyvér Marath;)n C,Na + 7% 20 ~50 H,®%
Fluka 91973) FHEJEH A, LA 30 mL PBS 2t ,
TS FE4S 800 romin T 1 b, FE EIHFWRE
Ve A ) . B S K b3 Ve A 75 U8 4 B 4
H5 min, 3 H PBS Z2 M vk 2 30 mL, R EIC
VELFHIR G | PO 800 tomin ~' HiHE 4 h A THLER.
PGS BREE G KR A W 4°C . 5000 remin ™' B0
10 min ;B B0 72 A2 19 BV PR B0 15 min,4°C |
12 000 r+min ",

B RAGINE R Lowry ¥5, A4 M5 HAE N
FREYIT, BAK L TR S IR Frglund 2512 R EAT
ZEBFI 22 SR TR Bh - R 1, LA TG /K B8 8 R A M b
HEW G, LA AL S IR DuBois 257 (HER AT,
1.3.4 Z&EIOLYAT

H TR ARZEP RIS RPEAR, £
B BG2E R BE. /% A0 A4 R X e R 2 ) 40 A A T
AYHT, 7 S5 A AN [R] 1) 2 6 YL L 43 Bk EPS Al

PE/RAMI AT EIE R . R MIOEE
(FITC) M/ M 4h &\ 1 B iy 30 i-*"C‘;ﬁ.. A
(Tetramethylrhodamine conjugates of Concanvalin’ A)
FHACHE R DRI oo HF 8 SR IE TR P o
PRI AR Calepilugt white ) 1K 2 6Dk
ﬂﬁ%%%ﬁ,}iﬂgﬂi( I\Lile red) FHUTE%EH&%&%ﬂ(J
S 1 8YTO 637 Ye 6 R V5 U T 4
SYTOX blug i1 F 9L 41 ML (93 (5. 2 T 9 6 (0
FZOCY R BRI | R . Rl
FEWF 4. Hrp FITC F1Je 2 2104 H 5% [E Mpbio 2
F] ; Calcofluor white 1 H 3€ [&] Sigma 7y w]; Con A
SYTO 63 #i1 SYTOX blue 4 F 3/ invitrogen 23 F].
HAE Chen 25 B H 19 3k X IR AR A AL
Rimledi it ZEAOC . LIRIT il B IR A
ARSI pH N 7.2, W E A 0.1 mol - L™
(1) PBS 2% i W0 TE Uk 3 3, 1 J6 4 100pL /Y SYTO
63 T AR MBS gL 8 30 min, SR S5 AERE S h
NI 100 L AR S48 2% v (0. 1 mol-L™")  fii i
SRR P AALIRAS, FRRERE D 10 w9 52 6R
FIRFICER (FITC) WAL 1 h, J5 /A 100 L 1Y
ConA ¥V YL €2, 30 min, FEAEFE S RN 100 L (1
Calcofluor white ¥ 44 (% 30 min, HJ5 A 60 wL JE
BLLYAD 10 min, IR PO )G EH pH =7.2 1y
PBS SR VE 3 . Y e e RS - 4C
PRAF. 76 DLEHT7EFE & HP S I 100 pl /9 SYTOX
blue AL S min. A AL TOR IG5 IR 25 0
J& UK ZR ) F AL (Leica CM1950) #E47 9] H- ()5
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Table 4  Stains used in the proposed staining scheme

Yk JIT gLy o Wk WA /nm REHH A/ nm F R/ pL I
FITC BT 448 500 ~ 550 10 10 mg-mL !
Con A - I A AR o- TR 0 543 550 ~ 600 100 0.25 mg-mL ™!
Calcofluor white B-D-WK Wi i hE 400 410 ~480 100 0.3 mg-mL ™!
Jepa REZSANBL K L A 514 625 ~700 60 0.01 mg-mL~!
SYTO 63 pgaliyi o} 633 650 ~700 100 20 pmol -1 ~!
SYTOX blue SEAN 458 460 ~ 500 100 2.5 pmol-L~!

JER 10 ~20 pm ) , PG O 30140 34 2R AR 88
(Leica TCS SP8) #FfTW4E.

2 HREWE

2.1 s ia s Bas ek

JNE A% A B e, 38 1 2 A5 4R E K NH AN
NO, -N¥R & K 4i%a HRT 17 X2 8 S iy 4% 19 L B
far. 1A JE sh P R R s 17 R N AR s A TR
Pl MR K INH, NV B2 AR AL DR AN I 3 i 7 4
JPEPEFHREI(0 ~23 d) | PR T (24 ~ 122 d)
ke E s i (123 ~ 160 d) 3% 3 SHrEx.

BB T (0 »23 d), tﬂ7kNH'*-N(iszﬂDi& ..

7J<NH~ N, “ﬁ’ﬁ.&twkNo -N/Z‘ETVE&?L?J(N@*-“'"
(ZUL tH7J<NO§,,—N(2&T“%ZIK7§i %%ﬁéﬁ%ﬂi%

I m

Pl . DRk T e AR 48T Ak 15 U 34 il 2
R shIRA R AL, 783 h w1, K NH, -NYR K
FHK, XGRS~ X Ti5 R
JE TR WAL IR A | (A B R A Ak 5 U8 rh 1
AU PR A B O PR SR R B 1T & A i 3, vk
e TS AT U8 R A A T S RN,
FENH, -NAT PR, DT RS K & AU NH, -N, '?rﬁUH
JKNH, -N¥RBEF- . db Ak, 4058 ﬁ#ﬁ?%fc.@a@ﬁ
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