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R, NI RAE ARG ( ANAMMOX granular sludge, AGS) AP EEFE, R iR R A 15 V2 IR (up-flow anaerobic
sludge bed, UASB) T.7., TET /D 2R R E A B A T5 V8 (flocculent ANAMMOX sludge, FAS) ¥ i #8 NIR L AEY) B ERAE
SHIERE, X ANAMMOX )8 3 f2 FAS (9 B0k AL dEAT 85T, RN FIH] Haldane BERIBIFSY AGS BUFE RIS frop g, 450 %
W, RIFAEY ek e 0RE SEIL T ANAMMOX 193 30, EREE85% VL L, BARBRAMRO0.72 kg (m*-d) ™', FF
127 d ARG SR A2 1.0 ~3.0 mm A9 AGS. ajmﬁéﬁﬁﬁ%%ﬁufl FLNE A AGS X 28 A 1R £5 14 e K S5 I 3K 2 43 1) S
1.46 kg (kg-d) "' F1 1.76 kg (kg-d) =", LA HHE L5352 852. 2 mmol - L™ AT 108. 2 mmol-L™". 5ELRIZIEHIH:, AGS BE
Z R SIS RN R, IR R R RN . SR FH & VA 0 A T B R D OB, REAT AR I 1 2 A
Bl, PR AGS MITERL, X IR S A T 2 3 bria 1T A B i & .

KRR A A (ANAMMOX) ; FOREI5 38 ; AEWITR B Rk 352 BRI -
RESES, X703 ERFRIRAE. A XEHS: 0250-3301(2019)09-4152-08  DOI: 10.13227/j. hjkx:1201812091 -'"'fg
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Rapid Cultivation of Anaerobic “Ammonium Odeatlon Granular Sludge aind

o

Inhibition Kinetics of Granular Sludge . Ve ey
TANG Peng', YU De-shuang' , CHEN Guang hul :2:'-‘, ZHANG Pel—yu ,l WANG -"Xiao-xia1 , LU ﬁ‘ingitingl s
HUANG Shuo; EIU Cheng-cheng' | L/ j,.r‘ & JEE K 14 .\ ,
(1."8chool of Envuonmental Science and Englneerlng,, ngdao University, ngdao 26607]', China; 2. Natiohal Engmeenng
Laboratory for Advanced Municipal Wastewater Treatmernlj dnd Reuse Technology}, Be ing Unlverqlty of Technology, Bel]mg 1001_,24
Chifia ) —, )

Abst!”act /Ror |the rapld cultivation of anaerobi¢ ammonium_ 0x1dat10n ( ANAMMOX) granular sludge’ (AGS) ,
ﬂocculent ANAMMOX sludge (FAS) was takeén as the | rebedrch-o'b]e(t and a bio-flow separate ball was used as the filler in an up-flow
anaerobic sludge bed<( UASB) to rapidly begin ANAMMOX and to cultivate granular sludge. In addition, the substrate inhibition
kinetic ¢haracteristics of the AGS were investigated by using the Haldane model. The results showed that start-up of the ANAMMOX

a small amount of

was successfully achieved. The total nitrogen removal rate was more than 85% , and the volume load of total nitrogen was 0.72
kg+(m®+d) "', AGS with diameters of 1. 0-3. 0 mm were cultured within 127 days using the Bio-flow Separate Ball. The kinetic studies
showed that the maximum reaction rates for ammonia and nitrite of granular sludge were 1. 46 kg- (kg-d) =" and 1.76 kg (kg-d) '
with half inhibition constants of ammonia and nitrite at 852.2 mmol-L ™" and 108.2 mmol-L ™", respectively. Compared with FAS,
AGS can withstand higher concentrations of ammonia and nitrite and can maintain a higher reaction rate. The placement of the filler has
positive significance for starting ANAMMOX and rapidly culturing AGS.

Key words; anaerobic ammonium oxidation( ANAMMOX) ; granular sludge; bio-flow separate ball; kinetics; quorum sensing
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200 d; JH S A0 S0 3E a4 Al kb R S R SR AL TE
( specific ANAMMOX activity, SAA ) A 1.9
kg- (kg-d) "'H FAS, 4 230 d (OFEE R 3%, 155
KIAE N2 ~4 mm B9 AGS; A% Hi i 48 i Ak otk
mﬁ% 5 ANAMMOX AW ARS8, 424t 80 d

BEE EAL 0. 556 mm (1 RETORL TS IR, H A
jﬁl%%ﬁiﬁwlf&; WO A5 S o S A R
P ANAMMOX i 3 5 57 A B ANAMMOX 75 ¢,
FEAL ] Y SN S 3 ANAMMOX ; X1 Ibe 5251 F1)
AR 15 e 8 2% /0 1 ANAMMOX 1578, J2
PESIEAT 60 d, RN SR AGS.

X B 5T 2 B A R R BE 3R O ik,
ANAMMOX V5 e 34 a] SEIREUR AL, (HAFAEAS [R] %) 6k
B, ands R ot BRI sl URE 5 e 44 T R 4% PR 44
%, ANF TSP TR M. AR5 A H D&
MMMMME%%%%%%,E&@#$MEE%
TREIER, A4 R R K S v RN 4 A K DT B R
[ ( hydraulic retention time, HRT), & Tffj-;i:'; )|
ANAMMOX SRt , 3 — 2 ek 7 AGS. | [T,
9T HRIE AGS ML PERE, IR M%szmiﬁ%
?F'Jﬂﬁ@ﬁth' SYMTHL A 2 uﬂ;ﬁjjp& /}E’JI';FI
WME{ Iﬂm’ri@?; - o

| MHSHE | )

147 %@Azﬁé‘;%_ﬁﬁt L e -

RHFUASB 58 L E RS2 55 ilDIEI 1 R, fii‘
AL B, A A B S
B LR, IR UEK, B K. RN AR
AR 8 L, /K pH & Hl7E7. 4 ~8.0, K%
il 7E 32°C , FEAFB BER il R [R] HRT. AR S256 i
YR ER IR LR, AR 80 mm, BRIVHIRE
KL K IR, v ARG By, Bk
BRI, IR R 28 )5 3.

ARSI F B R A B B D AnAOB & 4
B, JH3 UASB O g ddiig e it 1 L, HeA s
K2 SBR R #f IARR BT FAS, A5
AT B 15 U2 W (mixed liquid suspended  solids,
MLSS) A 750 mg-L™'. 2AnAOB 'J%Liﬁﬁ kA
TRBT B, AW B BR Bk R B AE UASB 88 N, 7K
TRRT DL 20 M A3 B Bk N BB 0, AT AR SIE
AnAOB # It 25 BR A B8 I B & 76 0 = BR 56, SE 8t
AnAOB [HH4FEFN AGS (1) PR TE S
1.2 SEEKR

UASB I 2% F5h 12 00 2 ) S 58 FH KR A
TAEHIECK , FE RN L 170, R Ah e
BOLE (MEITE [, el sk im i, Bkt

IR

LK B 2 OB 3. KA 4. HESUE 5 5. 2Rk A 6. 30
s 7. AR 8. KT 9. AR Bk
El1 ANAMMOX UASB Rz J
Fig. 1 Schematic diagram of ANAMMOX UASB reacmr ﬂ»ystem

ﬁflmgL PR | ik %%IB’JE%@MJ\
(g-L7"): EDTA 15, | MhGL, - 4H,0 0/ 994" Cuso,
5H,0 0.25, (NH ) MoO - 4H,0 0.16. ‘HBO
0.011, NaSe'O -5H, 0'0. 1596 ZnS0, +7H,0'0. 43
NiCl, -6H, 00 19, Cobl,~6H,0 0.24; mg@x?ﬂ;
9 3 3 W (¥ L) JEDTA 5. FeSO, - 7H0
5! INH,CLA NaNO, BRHENH, -NFINO, N, ik

f T“?Errﬁﬁ)f@%, il 101, 3202

F1 EREKNEZMSEN

Table 1  Main components of simulated wastewater

W W /g1,
KH, PO, 0.027
CaCl, 0.136
KHCO4 1.25
MgS0, -7H,0 0.3
NaNO, —

NH, I -

1.3 FRARINE ik

NH, -N . 44 [Git 5 40 6O B 3L NO, -N: V-
(1-2835) - ZAEREE™ 5 NOS N B iy
SRR TS IR M MLSS  EE LY. pH L
fii PHS-3C AU pH if; W 5 % f# % (dissolved
oxygen, DO){H . B {5 45 200 it S0 2 s kLTS
TeRifE BRI B CX-31 BB R A H e+ F i
R A3 H4 (SEM) < JSM-6390LV.
1.4 B2

MV 2% EBGE AR 1 ~3 mm [ AGS 43 %
TEP 300 mL (YHEIEH T, IRHEIE UBCPE 35°C
fERIRGAE T G 5%, PEHIRE R 40 120 romin ™",
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HEKNH, -NFINO, -N#Z 5256 SR s e i, HoAth ]
F 1. IKZIE, HEAWRE 3 min, DLEBRHEEIEIE
A DO. & B BOREII E ZK HNH, -NFINO, -N¥ B
HOR AR IR TS P MR 1 020 me-L~'. H TS5
Af a4, AT A 5 7 S 30 10 ) 5 e ok BE o K AR
b, PFETR B i 2%, TTAH AGS By SAA™,
B Mkge (kged) 7.

2 HBRESW

2.1 ANAMMOX J533)
2.1.1 AnAOB &N Bt

e HERP B B, A 1 L 3Ry 0, % E
NH, -NFINO, -N#I 4G /K B >k 40 mg - L~ " F1 55
mg-L~", HRT #H17E 12 h. QK 2(a) i, V4

80 - —o— NHy™-N (ifE7K)
—o— NH4"-N (i)
70 F —a— NOy-N (i)
60 —v-—NO{—N(.‘jj;j(} Fhgttal R
(

50 1

121720 d, NH; -NFINO, -NH /K i FEFEAR 2 10 ~ 20
mg-L~", PRI, [#INH, -NFINO, -Ni
HEK A EE 4y 51345 3] 50 mg-L ' F1 65 mg-L~", {34%F
AE R AT, {2 3E AnAOB A K RIEG. MRS
BATRYE 38 d, PR S KRB B, fINH, -N
FINO, -N A i 7K ¥ B 43 il 15 %] 60 mg-L~" F1 80
mg-L™". MRGIEITES 57 d, NH, -NFINO, -Nf¥
AR BEREAR ZE 10 ~20 mg-L~", 5EA AnAOB ¥ &
. IO, SBAS N MLSS = 1723 mg L™, #h;
FEOIANY 750 mg- L~ A RIEEE . $Em KL
WREERRIIA , HKU BE  BER T I, IR TR
Ny AR, APRRR R SR, St
— BB B AT, RGN RUAEYIGEE, LB
B, NH, -NFINO, -NERRFR L.

120

100

80

L . 5
= o fod o =0 e i o B o A i
E 40 1/ E 60 ’ i
k=4 ) i
40 |
2 L | r
(o) B . . . LTS
0 0
0 10 20 30 40 50 60 70 80 90 100 110 120
#d td
Y i g = e T N NHR T .
B 271517412 g NHF N7 NO, -NAYiR B34k i £¢

Fig. 2 Concentration curves of NH," -N and NO, -N during operation

2.1.2  AnAOB ‘Pt 5 5 oR: Ak b BOWORE AL B B

RGBT ELY S8 d, RN A5 NI P i 25
BRIFCEL. I 2(b) AT, RN ASETTRT 4 d, dksk
{#55 HRT =12 h, NH,” -NFINO, -N %) i He B 43 5]
FEHAE 50 mg-L~" Fl 65 mg-L~' 545, NH, -NFl
NO, -NA H K HEISLE 10 ~ 15 mg-L~". ¥ HRT 4
JEZ 6 h, NH, -NFINO, -Nf H 7K B R T+ 5] 23. 6
mg-L 7' f131.8 mg-L™". %76 d, NH,-NFAINO, -N
F K U BERRAR 2 10 ~ 20 mg-L "B, $£ENH, -N
HINO, -NiJ#E/K 2 60 mg-L ™" F1 80 mg-L™"; & 91
K, NH, -NFINO, -N (1) H 7K v B B A% 22 45 IR vk
FERAREINH, -NFINO, -NAYHEK I 2 75 mg L™
1100 mg-L~", 55104 d, H/AKHEEDSHIEMKE9. 5
mg-L™"Fl 18.6 mg-L~'. %3 105 d A}, NH, -N flI
NO, -N 1 i 7K ¥k & #& & £ 90 mg-L~' Al 120
mg-L™", %5 120 d, NH,;-NAJ KW E R 2 ~ 3
mg-L™", NO, -NEJH /KR ETE 8 ~ 10 mg-L~",
NO; -NAJ KR BEFRE TE 15 ~25 mg-L ™"

BRI B SV #8255 75 J I 2= /W
FERIES. 71d [F3(a)], AGEE LEL
W& T 20850 AnAOB, REAMGHMTE LK AN R,
RN s TEH 85 d [E 3(b) ], MEREREHC S
KRR E R LL (5 AnAOB, T — 2 EW IR, BB
M4 11 AnAOB SRR EHAE 0.2 ~0.5 mm [ RITE
Wk, B NRELLE; BT ES 99 d [K3(e)],
SR ERFR AT AnAOB 4kt K, 200 I 43 A P 30
FLBRJL-F-9% AnAOB Fuiif, Pk AR K 2 0.3 ~
0.8 mm; %5 113 d[ K 3(d) ], AnAOB Ay B
W Wk A K E 0.5 ~1.5 mm, Rk A
F2 mm; 127 d [E3(e)], HOIR BRI HE
5 TJREE 0.1 ~0.3 mm (WAL, RAMGHFLEIN
e T AnAOB, PR B A2A%E] 1.0 ~3. 0 mm.

2 9 2 30 4 MO B ER P U, & 4 (a)
B, R RIAmEE R 3 41 (10 AGS; B LE N
AHICHERAY AnAOB A K M EHAE 1.0 ~3.0 mm
AGS. AGS Wikb®™ 2 J5 , M HERBE, 765 0001
10 0001545 F A8 k5 e i Be [ 4 (e) ]. A
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(a) 4571 d (c) 4599 d

@ 4113 d (e) 5127 d
[ / 27 B T ;
/ IJ; B wommsornze o7 ) A€
|' Flg 3' ',.Gl_’?h appearance of the f:}'ﬂl}ﬁg !"""Jﬂ :‘H l:/J ‘l":;: I*

&
aﬁsﬁ%@@q xﬁafqis ﬁél’éf@.ﬂ@@/% z BTG ; B4(S) ﬂeﬁ,memmﬁﬂ@ﬁ
W, y\nlAOBxE fmzm AGS R HLI . LR, LA e xmrmwmmm&a
1@,4%13);4: s B e ﬁp’@ﬁ,, OB A0 P, 7u1m%ﬁm%{ﬁa
2 NV & . 4

4
(a) ™ e

)

15kV X5,000 Spm 0355 21 30 SEI 15kV  X10,000 1pm

(a) AGS M AR (b) AGS SN (o) LM HLER
El4 AGS SMUEFBHBIEE
Fig. 4 Appearance diagram and SEM image of AGS
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i AnAOB 228 SR PL . AGS PN B AT i FL B Haldane #5810 DL &% 4 Hb 5 3R W9 P 5 R )
FITCHN M 030 18 M 28 254, UNRERBESEAR  ANAMMOX 01 3h 1124471 4.

FIZ M T2 B 0 M 40 5B & W) (extracellular polymeric £21 EEREN ANAMMOX /K280 E
substances y EPS) [15] QQ’U([EI 17] T:ﬁf'mjm %&é\xf—‘@ Table 2  Effects of substrate concentration on ANAMMOX
TE BRI 75 8. NH,"-N SAA NO; -N SAA

_ LT o /mmol-L ™! /kg'(kg'd)'] /mmol-L ™! /kg'(kg'd)'l

2.2 AGS sh 12050 1 0.4 107 0.52
FIF 3h Jr 2R 0 AGS B A ASBF 5T i) UASB 2.14 0.7 2.85 112
Rt A REFE PRSI, HAR 1 ~3 mm. B :' ﬁ ?‘ T; Z 8‘2) iig
ARG I, ARSI, 403 AE 300 mL Y 18.57 1.28 11.07 1.35
HEFE L AP, MLSS = 1020 mg-]_fl. ) 4 NH, -N FI 32. 14 1.27 15. 00 1.32
B Sk N S g [ . 48.57 1.27 18.57 1.34
NO, -NJEHRH 70 mg- L , O NH, -NA 63.92 1.26 21.07 1.33
NO, -N i K e B, FH T 52 U NHL N FINO -N % 85.71 127 2.85 132
103. 57 1.25 25.00 1.31

ANAMMOX J Ji i 5 i ifF 5.

ANAMMOX 3}y Jj 2= of # 32 NH, -N & & il
NO, -N V& B2 WA~ P 22 A BRI, F K o ke g ok vy
SV R A A A S A i 3 75

LS () AT, 24 NN Ay 30 55 41 1)
AGS 1 f5e K& S N JE R ((SAA- NH*-N) o L 46
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