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Abstract [ Objective] To address the slow growth of anaerobic ammonium oxidation (anammox) bacteria, the long start-up period
of the anammox process, and the insufficient operational stability in treating nitrogen-containing wastewater with low ammonium mass
concentrations, a circulating flow sludge bed reactor is constructed to investigate rapid start-up, stable nitrogen removal, and the
formation mechanism of granular sludge. [ Methods]  Disintegrated anammox flocculent sludge was used as the inoculum, and the
reactor was continuously operated with synthetic wastewater. By adjusting the hydraulic retention time ( HRT) (1.2-10.0 h) and
influent ammonium nitrogen mass concentration (50—110 mg/L) , the effects of hydraulic loading and substrate concentration variation
on nitrogen removal performance were evaluated. Meanwhile, sludge particle size, specific anammox activity (SAA) , and the contents
of proteins (PN) and polysaccharides (PS) in extracellular polymeric substances (EPS) were determined to analyze the relationship

between sludge granulation and nitrogen removal activity. [ Results ] The reactor was successfully started up within 35 d. The removal
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efficiencies of ammonium nitrogen and nitrite nitrogen increased from 13.80% and 30.59% to 90. 17% and 88.77%, respectively.
Under shortened HRT and influent mass concentration fluctuations, the system recovered stability within 2-24 d, indicating good shock
resistance. At the end of operation, the average sludge particle size increased to 405.1 pm, and particles larger than 500 pwm
accounted for 35. 74%. The maximum SAA reached 0.437 ¢ N/(g VSS-d), and sludge particle size showed a significant positive
correlation with SAA (R*=0.94). The total EPS content in granular sludge was higher than that in flocculent sludge. The PN content
was significantly higher than the PS content, and the EPS fractions followed the order of tightly-bound EPS( TB-EPS) >loosely-bound EPS
(LB-EPS) >soluble EPS(S-EPS). [ Conclusion] This paper achieves rapid start-up of the anammox process and successful cultivation

of anammox granular sludge. The result confirms that increasing sludge particle size can effectively enhance nitrogen removal activity,

and that EPS, especially proteins, plays a key role in sludge granulation. These findings provide a theoretical and technical basis for

the wider application of this process.

Keywords cyclic flow; sludge bed reactor; anaerobic ammonium oxidation ( anammox) ; granular sludge; low-nitrogen wastewater
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Fig.2 Start-Up and Operational Characteristics of Anammox
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Fig.3 Influence Property of Hydraulic Loading on Nitrogen Removal Performance
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Fig. 4 Influence Property of Influent Mass Concentration on Nitrogen Removal Performance
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Fig.5 Characteristics of Sludge Morphology and Structure
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Fig. 6 Variation Characteristics of Sludge Particle Size
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