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Resear ch progress on Anammox granular sludge

XU Dong-Dong KANGDa GUO Lei-Yan ZHENG Ping’
Department of Environmental Engineering, Zhejiang University, Hangzhou, Zhengjiang 310058, China

Abstract: Anammox process is a new biotechnology for nitrogen removal from wastewaters. It was favored
in the field of environmental engineering once it came out and now it has become the upgrading technology.
Anammox bacteria (AnAOB) are the function source of Anammox process and Anammox granular sludge
(AnGS) formed by AnAOB is the vital pillar of Anammox granular sludge bed system. However, due to the
slow growth of AnAOB and their sensitivity to the change of environmental conditions, Anammox nitrogen
removal system not only starts up sowly, but runs easily to be unstable and even collapses. Fortunately,
ANnAOB can select, combine and fix the functional bacterial community freely to form AnGS, thus ensuring
the continuous work of the Anammox nitrogen removal system for its excellent gravity settling property and
high efficient substrate conversion property. In this paper, the taxonomy and characteristic of AnAOB,
compopsition, structure, and function of AnGS are reviewed so as to give guidance for the optimization and
expansion of Anammox process.
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P4 2= A Ak (Anaerobic ammonium oxidation,
Anammox) 12 K 48 % .1k T# (Anagrobic ammonium
oxidation bacteria, AnAOB)¥ 2 FIV Al R 1k A
SR T, SAEG R R AR T A
e, Anammox 1.2 HAT JCFF A HL F-HE AR (Anda #L
W), R BT NSRS, BT
T m R Tk kA B 364 5 T2 i A
T2 K BT 2002 4, 4Bk
Anammox T F27Efif 2 i+ Dokhaven 57K AbH T
", EA RO A 200 438 Anammox TR
PR R

SR, H1F AnAOB A= K218 H 5 52 IR 58 5444
A2, Anammox 1225 B9 S bR b FHAT AR T 4 22
JrTHHE PR, AnAOB J& Anammox T 22
A, Anammox T-Z YA i AnAOB (1454 7]
T HF. BIFEIER, AnAOB HoAg [ kA [ [ E
DIRe AL BB 5 e R RE T o RS e AU
T 1 Anammox S 1 i e A0 A , BT T Anammox
SOV g R R DIRER I, B Anammox SO ¢ 1Y
LGB TR SR AR T R g,
Wik 5 e oM HES Anammox T 2R A K B
HENE,

XFF Anammox BUkIi5 eIy, EWNANC A
AASCHRRIE , (R L& Bk eA T A S
LA SCEIGE R B BF5E, X AnAOB fFPZE A
FEtE & Anammox Fkii5 e ALY, . 45 FT)RE
YE—2ER, LI Anammox T2 IPERED AL R
RS

1 RESEAHE R Atk
1.1 RESFUCARAIMA

CAEN AnAOB J& T778 A 44(Planctomycetia)
R4 5% k% H (Brocadiaceae), 1 6 J& 22 fil, ANAOB
FIFPZE . AEHGET ] . A58 MR AN R RO 1.
12 RESSHARAEMFSIEH

AnAOB #liffl 2 AHIIBERIR . BIIR, EHELN
0.8 um —1.1 pm, H>= [P, hFAEEA

A2, AnAOB 241l AnAOB 41

AR X B 254, MmN MR A, IR
A A AR BN A 5 B A 3 4, AR 2]
PN 43 5 Ry B 25 240 i B (Paryphoplasm) . A% B 4 it i
(Riboplasm) .} 424 ‘A Ak {4 (Anammoxosome)[*Y
Hrh R AR AnAOB B 4 ss, (540
MR 50%-80%, WS I AIRE i 03
It o DA AR S A SBOR B e, TR AR
WHHPTE =8 NO FI N2H4‘71ﬁ“d%[42]o
13 RESSUHAFTEIR, EUMETHM
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RN APAFRER, FELL COAE M.
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coy BNV Al PRI s (N 2SR IA S5 oA NO;s (2) HK
A M (Hze) K 20 NO FRAL R ; (3) BREUA
i (Hdh Rk a5 Ao R BRa AR 4 T,
LA o Bl Q. A3 bey f£i%45 Nir Hzs,
AT AHRRIA AR 2 G, TR A5, TR
RIS TR, UK ATP AR,
ANAOB 3 ) 1z, MFEEKIRBUTR) . IRK
IR KRR . 5 K AL TR #5508 LA R ol i 25 £ 355
IR R IR 1) RAZE MR AE AT AR A
FEASFR LA TR b . 7 A SRR S LT
Y, A STEdr AR SR AL R ASER . DR
AnAOB MAEFEERHESEM; TAEN TR KA I R 58
H, SR TR A R T 2 B AL O RS RR M
i ARAOB 25 K H A Bz e

2 REZENFRATRLS 44
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# 1 RESFNEHIMAF(EIGATE)
Tablel Thetaxonomy and doublingtime of AnNAOB

4 sk . HAE HE ERES HE :
i B 1[: Ebﬁ [ S ﬂji&%ﬂdﬁﬁz %ﬁiﬁféﬁ%ﬂéj_ﬁﬁt Bt
. oubling stor NHg4 stor NO>
Genus Species time (d) Source (umol/L) (umol/L) References
Brocadia Candidatus Brocadia anammoxidans ~ 9-11 Rk <5 <5 [17-18]
Wastewater
Candidatus Brocadia fulgida 18 K 640+130 350+90 [19]
Wastewater
Candidatus Brocadia sinica 7 Rk 28+4 34+21 [20]
Wastewater
Candidatus Brocadia brasiliensis - Bk = - [21]
Wastewater
Candidatus Brocadia caroliniensis = K 530+50 370+40 [22]
Wastewater
Candidatus Brocadia sapporoensis 35 Rk = = [23]
Weastewater
Kuenenia Candidatus Kuenenia stuttgartiensis ~ 8.3-11 sk - 0.2-3 [24]
Weastewater
Jettenia Candidatus Jettenia asiatica = WK - - [25]
Freshwater
Candidatus Jettenia caeni 14.2 JRIK 17.1+4.3 35.6+0.92 [26]
Wastewater
Candidatus Jettenia moscovienalis 28 Rk = = [27]
Wastewater
Scalindua Candidatus Scalindua brodiae - K = - [28]
Wastewater
Candidatus Scalindua sorokinii = Ek = - [29]
Seawater
Candidatus Scalindua wagneri - Ik = - [28]
Wastewater
Candidatus Scalindua sinooifed = T - - [30]
Qil reservoirs
Candidatus Scalindua marina - TR = - [31]
Marine
sediments
Candidatus Scalindua arabica - ik = - [32]
Seawater
Candidatus Scalindua profunda = Mk = - [33]
Seawater
Candidatus Scalindua zhenghei - Tk = - [34]
Seawater
Candidatus Scalindua richardsii = NIA7E=RE=ARS - - [39]
Sub hypoxic
seaarea
Anammoxoglobus  Candidatus Anammoxoglobus — TRk = - [36]
propionicus Wastewater
Candidatus Anammoxoglobus sulfate  — Ik = = [37]
Wastewater
Anammoximicrobium Candidatus Anammoximicrobium 32 WK <29 <27 [38]
moscowii Freshwater
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Figurel Metabolic model of anaerobic ammonuim oxidation

21 RESENFRITRAER

IR PFORA, Anammox R T5 Jé i 4 m]
SRR WL T A AR S A R G e S i
FFLIE AR, AnAOB H5 2 ANV Al R 5% 1k il AR
R, ATRETAS N, it fLiE i A s e
TR AL AR V5 e 25 I FFLAE Y AT . 25 I FfL
EAR ARG, JUEHORAR 5. Xu SR
R, TERRLIG I i i rh, A FnfLE T
W 2 A TR A2 A, FL R TR TS R <
FIBESBER, MR 2R SY, AR AN AT 43 T
PLEWAFIA B A BLE AR ST A5 R T A RS
% F ¥y (Extracellular polymeric substance, EPS).
Anammox MURIIG IR W . [ AR L2 T g
PSR 1 2R

Anammox kTG e il { LR 4G R
TIRETARE, W7 R0RL TS U S R A Ak SOn P RE RN

Cytoplasm

ADP+Pi | ATP

3-4H*

BLAYER I IEMERE . Anammox kIS U8 R A S fE
W#EAT 530 AnAOB FULAlAEAER . Hoh AnAOB
IPEFTE, AR R BB (— T 50%) . 1kAh,
LS ] (Chloroflexi) . £k E [ ](Chlorobi) . ZETE
I"](Proteobacteria) . f2FF [ ] (Acidobacteria) Flll
FF B4 1] (Bacteroidetes) 55 B #f t A — & 19 F &
(30%-70%)1**37 | Lawson 2% JHRHERI2H | 2 5%
HEEDFAEYEFEB, 80T Anammox RS Ue
Ht AnAOB il 57 5 B I (K] 43 A F ik K-, I
HEW T ENTZ MM EAER; R RER, %
BRI DT v 2800 ik R A 22 IR 44 Al 1R 66 30 it BT i
iz, M AnAOB $ it S i, [FIIE -k AnAOB
WA Zheo BTSRRI, R
(Armatimonadetes) FIEJE AT TAI . AnAOB 2 {it4E
KPR T, AnAOB S5k Ffy It
1742 Anammox Uk 5 YR 2H A B 2 ALY
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Anammox A5 6 H A DI BE TR A B4R Y
EPS ANUFIF A AR, FEmIEMAEEN, 67
VERSSE L A A R0, EPS B F 2 s K
I Z M, A7 /D BRI A% R LA KBS 5 R 25 )
J — Ay EPS &5 Y kL i R,
FURF AL, $E8 T AMAORSRHE, ek T 401
S ] | ARG R (K AR 244
N BRI, A% Anammox ki 15 81 EPS &
HETREMREFRE TR 2), AJHEm EPS 78
Anammox FRITSIRIIERL . YEReFl TAE K485
HEAEM. SR, HARS EPS MWK 72wl o (B
F B R 2 W) e T e ok sh R, B RTRA—.
Liu 2R R B, & 5o S A A i T )
BKPE S IEMISE; Hou 20 R 3, B &4
K KPS IR B L5 MIRATL, REREFE /28R N
TR B K IEA, MEDE Anammox SRS e FTE
B 3SR, WL R A AR
RYEERNEEIER, S EaERIL, HIL5%
LT I B BB, HA AR AR R, AT
i BEURLTS YT A, 4 % EPS i R R 2B
RS A, WORAFTEIFZ E s, [ERA
% .

*2 TRBRISRTHEIN SRS E

22 REIENWFRITRILEH

XKF Anammox PikiT5 IR AYLER , H BT AN
AIGr R A JEIR: dHREAR | TR (AR . 7 ER
37 (AL S ) RO Y5 R (141 2)1%89%81 494
FPHLEE T WIEE AnAOB Ziifif(1.2 Firidk , [l 2A) ] I,
ARl EPSHKGE T LA L pm LA pm,
K 2B); WM BE—7E EPS FIZZIR M N B
RO AL OLF um BJLE pm, K 2C); £
PRI RS YR LA wm 2L mm, & 2D).

P SCHRAGE , P 2T ] 05 e A SR A3
A3 HPRI ST (B 3), 55— PP, SR A SURL 5 U (4
A RS A E ARG IR E R, TEIR
AAEEARGH, HTESRINA L, R ER
TSI, R B AN/ NSRS e Bl FHVE A,
16 EPS BVEFH ALk AnAOB K5I, 1Rt HE Ay
FIH, AnAOB K%, TWHEKHE, 21 HK
HI1E EPS FIZZAR TR AL 32 T IR BUILEATT, 24N
BINZIE =35 b IR AN SR o (B <311 BB 22 E | &L YA A )
R iR, A AT IR AR 20
FHESF(ands . k. B 9HME AnAOB (AL
FIFURLAC I N, Jo SR A A B R F R %S
— i

Table2 Extracellular polymeric substances (EPS) content in different microbial granules

a2 5
TR Extracellular polymers (mg per g VSS) EZ DTN
Granular sludge Bl EZ BARIES References
Proteins Polysaccharides PN/PS
TRE R ATk 164.4+9.3 71.8+2.3 2.29 [53]
Anammox granules
TUTR A& S A ks 234.25 90.78 257 [62]
Settling anammox granules
R IR A S A AR 323.37 76.84 4.15 [62]
Floating anammox granules
R kA 42.7+38.7 17.3£0.8 2.80 [63]
Anaerobic granules
as=g ik A 40 16 2.50 [64]
Aerobic granules
T IS A S 240+13 61.0+9.4 3.93 [65]
Phenol-degrading granules
7 R 70.9+4.5 115.6+5.2 0.60 [66]

Hydrogen-producing granules
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Figure2 Four-level structure of Anammox granular sludge
o A JREASIE; B: HKRHE; C. WHf; D: FRse.
Note: A: AnAOB; B: Cell clusters; C: Subunits; D: Granule.
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Figure3 Granulation mechanism of Anammox sludge
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RIS TRl AT, A Anammox ik V5 IR I T —
# LA

3 REREACNLIT TR ThRE

Anammox i & F St AL RE 5 Ty BE AR 110 15
B DIME ., I, BRAR AR5 T 1 A 4
AR ARG R A 1 TR PERE
31 RESSUHALTRATEMGE

AnAOB K8, fEIEITRIE (3R 1), TR
R RE O R 0 UKL U8 A R F 2 58 DA 7E B 4
A 2 B AP . R, Anammox kz TS
Ve R UTRE R RE ST BV 25 1 BUK . Anammox 0k
V5 e (I UTRE P RE P FH A R DORE R R AE . 7R WA
H, WURLS VR H TR R T . ). B
[EpAR Sty (S NS S ¢l bW U TR 7 N B A
Fr, BURLTS U M TR KT B K
Bf, BURLTS TR DTSR T RN 25 IHR s 2SR5 e
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IKTEE A s A0S VR M TR 5 F BT
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FEFCHI AR, BURT5 U A e TREH B SRR R
MK Lu SMBETGES:, SR 5 IR AR A e
TRE DR BE 1 DR R, 075 U6 P 10 ekt
KRR = , (HFEERAR IR, ORLT5 e
WIRERR, FEERIG RS R, F=A4 ik
HURENE . Lu 2™y, RiAZTE 1.75 mm-2.20 mm
JLHEI I, Anammox ik i e HA e iR PERE
32 RESFEMFRITIRNR M EE

Anammox S i i 14l URE 1 U5 T R0k TS e I
(O TITRETRRE o 0RE TS VR SN BE OG- i g 4 1) ok
%0 Anammox UKL T8 Y SN RE FT FH FLIR AR
k35 PE (Specific Anammox activity, SAA)KZFAF,
124 R 1k, SCHRGE 15 s Anammox RS e
W 5.6£0.9 kg Ni(kg VSS-d)!'Y, FLAT AT
R T1 o SAA ST U A ATAM A e (1 25
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L) B AR X 25 JO A8 A a8 3 3% T2 8 B T
KA ERBCR L R T Strous 26T
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B, A RS S Anammox JEHET, ik 5 U AT
b 72 K1 AnAOB, X & Ho I 3 i 1 M i AR AR ¢
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BB 2 0 2 T (UL ), P AL LA 5
2 T 17 9 R AR ) X TFAMIRAE 5
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