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Effect of sequential biocatalyst addition on Anammox process

Chongjian Tang, Ping Zheng, and Jianwei Chen
Department of Environmental Engineering, Zhejiang University, Hangzhou 310029, China

Abstract: Anaerobic ammonium oxidation (Anammox) process is a high-rate nitrogen removal technology that has been applied
in sludge dewatering effluents treatment with nitrogen removal rate as high as 9.5 kg/(m’-d). However, due to the slow growth rate of
the autotrophic Anammox bacteria and the susceptivity to environmental conditions, the start-up of Anammox process is very long;
the operation is unstable; and the nitrogen removal from organic-containing and/or toxicant-containing ammonium-rich wastewaters
using Anammox process becomes difficult. Thus, the application of this high-rate process is significantly
limited. In this paper, a newly-developed Anammox process with sequential biocatalyst (Anammox biomass) addition was
established based on the procedure in fermentation engineering. We introduced the Anammox process with sequential biocatalyst
addition on start-up, stable operation and the treatment of organic-containing and toxicant-containing ammonium-rich
wastewaters. Results show that supplementing high-activity Anammox biomass into reactors will increase the amount of as well as
the ratio of Anammox bacteria. Thus, the innovative Anammox process with sequential biocatalyst addition not only accelerates the

start-up course, but also enhances the stability of Anammox process. Furthermore, it overcomes the drawbacks of wastewaters

Received: February 26, 2010; Accepted: May 4, 2010

Supported by: National High Technology Research and Development Program of China (863 Program) (No. 2009AA06Z311), National Natural
Science Foundation of China (No. 30770039), National Key Technology R&D Program (No. 2008BADC4BO05).

Corresponding author: Ping Zheng. Tel/Fax: +86-571-86971709; E-mail: pzheng@zju.edu.cn

K m BRI TR (863 1K) (No. 2009AA06Z311), HZK HARFFEAES (No. 30770039), EZRKFEHE LI (No. 2008BADC4B05) %) .

© FERZFRMEMARTATIKSHIEST http://journals. im. ac. en



2 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

January 25, 2011 Vol.27 No.1

containing high organic content and toxic substances. Therefore, the application of Anammox process may be further enlarged.
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Fig. 2 Performance of Anammox SBR in the presence of organic content. R1: without biocatalyst addition; R2: with biocatalyst

addition.
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Fig. 3 Performance of conventional Anammox process treating pharmaceutical wastewater. Eff.: effluent.
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Fig. 4 Performance of Anammox process with sequential biocatalyst addition. (A) Profile of influent and effluent nitrogen concentration
and hydraulic retention time (HRT). (B) Profile of nitrogen loading rate and nitrogen removal rate. Eff.: effluent; Inf.: influent.

Journals.im.ac.cn © HhERE R MR IR A B htto:// journals. im. ac. on



RS A SN Ao AR AL T 2 R

FOORE, R, ALY R A X R
AR EART R, S BOR AR AR A
AMERERAR . ETRTIR, VENEEY), XY R
P i O N & A B S A= = = K
For e DA B HE i UR IR A 2 8P v 1) A TR B Ry R B
FEAL B G 25 K M R v, 26 41 d I0iESEIETT,
UASB J3 I #5 P 1) DR 480 2 S TR UK 15 1 3% 7 i 1A
WURLRLAE 1 2.51 mm FEAEN 1.49 mm, {591 H
LT LA AR A B ST LR, KBS
e RS SA AL B 1 4 M BSCR e . TRIARE, re kE
F18) IV A TR R A1 2 % PR AR S A T 7 AR R 2 ) o A
L B IR R R A R A A A i e TR A
AT ORI 2R ST, MRS M S AT, IR
S AL TEME A, U # M AR S RS 1k
BT, FELSEEIYH TR T, BT
S AAE FH DA BSOS AR TR R, DR SR A B T
BT (TR EIR (K DR AR A (]
(EAIKF) WsEgr st T 4%t 45345 KW R
AHIREE T iE4T, IR AT A S #E IH
NEF RGN, WL, TGS L AR R [ A, e
DX 35 4 AT AL A7 AR T S S PE R Ak, #RIEAS IR
AU B A TR I BCREAS R T T oK o 3l e R g 9
PRAASSAARTRFN, T Nk B8 0 B N IR AR s AL
W IR, TR AT RE . A, IREEE AL
RSN ¥ E 2 L7 B RN R~ =R A PN
WIRE, B5IWMUTTETEREL R Y PR A 2 A AL IOk,
SR, I EA B TEE[1.9 g/(g VSS )™, [Fmt
HABARICHUN AT R i g 1120, Rk,
I I DTTE v AR KA PR AR A A R
58, AR R h R A R T i B, SRR
AR A A SRR, T REI SR ILHCHT SN RAH]
PRSI RE ST, B2 7 B R I A 3300

4 HpEREE

PRAAE B TR A T SEBUXTE K Fh & A
AR ER R [R5 B, FAT B B A AR S BRASRE AN

Y

9%

O

BARMAT 2, S H AR KA PR EAR B 52
P Bl TRAZAMHEIE R 0™ R
NS D0 B2 8 R L O IR IVA 1 = k= D AL TR NN = )
Sy O R MELLR T v v A LS A B K R
SRR ERIBAR, T E R % T SRR
BT BR R I BE A (Y B A R R A T2 A
AR IR KA = A A TR Sh AR AR S iR
1115 L A 5 i A HIL AN B B0 S e, S B
G RK GRS BRI SRR A, BAEAN
IR T . FEIRERT T, HIRAMTE IR A
PR B A R AN Bl 2 i, ARAS B R ORI Y E
2R DB TAY B O T B, LR
SHASBMIERRGE; 51k A s el BoR, SCBxt
BRI R A Sh e

REFERENCES

[1]7 Mulder A, van de Graaf AA, Robertson LA, et al.

Anaerobic discovered in a
denitrifying fluidized bed reactor. FEMS Microbiol Ecol,
1995, 16(3): 177-184.

[2] Tsushima I, Ogasawara Y, Kindaichi T, et al. Development

ammonium oxidation

of high-rate anaerobic ammonium-oxidizing (anammox)
biofilm reactors. Water Res, 2007, 41(8): 1623—-1634.

[3] van der Star WRL, Abma WR, Blommers D, et al. Startup
of reactors for anoxic ammonium oxidation: experience
from the first full-scale anammox reactor in Rotterdam.
Water Res, 2007, 41(18): 4149-4163.

[4] Tang CJ, Zheng P, Wang CH, et al. Granulation and
characteristics of extracellular polymers of Anammox
sludge in high-load EGSB reactor. CIESC J, 2010, 61(3):
732-739.

JEG, B, TR, & B RAE AL EGSB
BN BB AT PRI I8 1) ECP Rk, L T22 4k,
2010, 61(3): 732-739.

[5] Jetten MSM, Cirpus I, Kartal B, et al. 1994-2004: 10 years
of research on the anaerobic oxidation of ammonium.
Biochem Soc Tran, 2005, 33(Ptl): 119—123.

[6] Strous M, Heijnen JJ, Kuenen JG, et al. The sequencing
batch reactor as a powerful tool for the study of slowly
growing anaerobic ammonium-oxidizing microorganisms.
Appl Microbiol Biotechnol, 1998, 50(5): 589—-596.

[7] van de Graaf AA, De Bruijn P, Robertson LA, et al.

© HEIRHE B M S T TIR S Al Chie S TE G

http://journals. im. ac. cn



8 ISSN1000-3061 CN11-1998/Q Chin J Biotech January 25, 2011 Vol.27 No.1
Autotrophic growth of anaerobic ammonium-oxidizing inhibitors on anammox and denitrification in marine
microorganisms in a fluidized bed reactor. Microbiology sediments. Appl Environ Microbiol, 2007, 73(10):
(UK), 1996, 142(8): 2187-2196. 3151-3158.

[8] Chamchoi N, Nitisoravut S, Schmidt JE. Inactivation of [18] Toh SK, Ashbolt NJ. Adaptation of anaerobic
ANAMMOX communities under concurrent operation of ammonium-oxidising consortium to synthetic coke-ovens
anaerobic ammonium oxidation (ANAMMOX) and wastewater. Appl Microbiol Biotechnol, 2002, 59: 344-352.
denitrification. Bioresour Technol, 2008, 99(9): 3331-3336. [19] Rittmann BE, McCarty PL. Environmental Biotechnology:

[9] Tang CJ, Zheng P, Wang CH, et al. Suppression of Principles and Applications. Boston: McGraw-Hill
anaerobic ammonium oxidizers under high organic content companies, 2001.
in high-rate Anammox UASB reactor. Bioresour Technol, [20] Molinuevo B, Garcia MC, Karakashev D, et al. Anammox
2010, 101(6): 1762—1768. for ammonia removal from pig manure effluents: effect of

[10] Tang CJ, Zheng P, Chen JW, et al. Start-up and process organic matter content on process performance. Bioresour
control of a pilot-scale Anammox bioreactor at ambient Technol, 2009, 100(7): 2171-2175.
temperature. Chin J Biotech, 2009, 25(3): 406—412. [21] Yang Y, Zuo JE, Shen P, et al. Influence of temperature,
FESG, A, BREAR, % PIRRE AN R pH value and organic substance on activity of
Jash SR, A T EIR, 2009, 25(3): 406—412. ANAMMOX sludge. Envion Sci, 2006, 27(4): 691-695.

[11] Isaka K, Date Y, Kimura Y, et al. Nitrogen removal Wi, BSOS, W, %R, pH EAE ML TR A
performance using anaerobic ammonium oxidation at low FEEALTT IR T2 . R RL2E, 2006, 27(4): 691-695.
temperatures. FEMS Microbiol Lett, 2008, 282(1): 32—38. [22] Cai J, Zheng P, Mahmood Q. Influence of various

[12] Chen TT, Tang CJ, Zheng P. Nitrogen removal nitrogenous electron acceptors on the anaerobic sulfide
performance of Anammox process and toxic mechanism of oxidation. Bioresour Technol, 2010, 101(9): 2931-2937.
pharmaceutical wastewater. China Environ Sci, 2010, [23] Zheng P, Xu XY, Hu BL. Novel Biological Nitrogen
30(4): 504-509. Removal: Theory and Technology. Beijing: Science Press,
Wrlslhs, FESHE, KR W28 80K R A 2 A A it AL g 2004
5 PE AL B ST I R R A, 2010, 30(4): R, trmPH, $1E 2. MR AR A S5HEAR. dt
504-509. B BheE R, 2004

[13] Fernandez I, Mosquera-Corral A, Campos JL, et al. [24] Davies J. Inactivation of antibiotics and the dissemination
Operation of an Anammox SBR in the presence of two of resistance genes. Science, 1994, 264(5157): 375-382.
broad-spectrum antibiotics. Process Biochem, 2009, 44(4): [25] Tang CJ, Zheng P, Zhang JQ, et al. Performance and
494-498. process kinetics of pilot-scale Anammox bioreactor under

[14] Chen XL, Zheng P, Jin RC, et al. Biological nitrogen different water temperatures. Environ Sci, 2010, 31(8):
removal from monosodium glutamate containing industrial 1834—-1838.
wastewater with the Anaerobic Ammonium Oxidation RS, HF, kdam, & PR E A N AR
(ANAMMOX) process. Acta Sci Circumst, 2007, 27(5): BATYERE ML R B ARk FREERLE, 2010, 31(8):
747-752. 1834-1838.

FRB R, B, &8, & HRREEAREZSEY [26] Kimura Y, Isaka K, Kazama F, et al. Effects of nitrite
AT, FREERE2E2AR, 2007, 27(5): 747-752. inhibition on anaerobic ammonium oxidation. Appl

[15] Ye Q. Theories of Fermentation Process. Beijing: Microbiol Biotechnol, 2010, 86(1): 359-365.

Chemical Industry Press, 2004. [27] Tang CJ, Zheng P, Hu BL, et al. Influence of substrates on
nRE. R R EE. dbaT: fhE Tl i, 2004 nitrogen removal performance and microbiology of

[16] Zheng P, Tang CJ, Chen JW, et al. An inovative Anammox anaerobic ammonium oxidation by operating two UASB
process integrated with sequantail biocatalyst addition and reactors fed with different substrate levels. J Hazard
the equipments: China Patent, ZL200820165691.0, Mater, 2010, 181(1/3): 19-26.

2009-09-09. [28] Batchelor SE, Cooper M, Chhabra SR, et al. Cell

R, FESA, BREEMR, 5. WA IR S & A L density-regulated recovery of starved biofilm populations

B P ELAH], 2L200820165691.0, 2009-09-09. of ammonia-oxidizing bacteria. Appl Environ Microbiol,
[17] Jensen MM, Thamdrup B, Dalsgaard T. Effects of specific 1997, 63(6): 2281-2286.

Journals.im.ac.cn

© FERZFRMEDFFFTHATIESMIESS http://journals. im. ac. cn





