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Novel mechanism of promoting the hydrolysis of waste activated
sludge with nitrite: Fe( I ) oxidation and Fe(I[ ) reduction

MENG Yutong, ZHAO Zhigiang s GAO Jinsuo s, ZHANG Yaobin

(School of Enviromental Science and Technology, Dalian University of Technology, Dalian 116024, Liaoning, P. R. China)

Abstract: Hydrolysis including the cell disintegration is the rate-limiting step of anaerobic digestion of
waste activated sludge. Adding Fe(lll) oxides to enrich the Fe(lll )-reducing bacteria via the dissimilatory
iron reduction can enhance the decomposition of complex organic compounds, which is considered as an
effective method to promote the hydrolysis and cell disintegration of waste activated sludge. However, the
continuous addition of Fe ([ll ) oxides is uneconomical in the practical engineering. Adding nitrite, the
intermediates in the denitrification, has been reported to promote the hydrolysis and cell disintegration of
waste activated sludge. In the meantime the Fe (][ )in the sludge can be chemically oxided to Fe (Ill).
However, there are few reports on the effects of nitrite induced Fe( Il ) oxidation and Fe([ll) reduction

processes on sludge hydrolysis and cell disintegration and subsequent anaerobic digestion. In this study,
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adding nitrite into the waste activated sludge caused the oxidation of Fe(Il ) with an efficiency of 97. 3%.

The produced Fe ([l ) further drove the dissimilatory iron reduction. Analysis of scanning electron

microscope and three dimensional fluorescence spectrum indicated that the hydrolysis and cell disintegration

of waste activated sludge were significantly enhanced in the nitrite-added group, accompanied by the release

of large amounts of soluble organic compounds. Analysis of microbial community showed that, both

denitrifying and Fe ([l )-reducing bacteria were significantly enriched in the nitrite-added group. After

anaerobic digestion, the sludge reduction and accumulative methane production in the nitrite-added group

were 21% and 86% higher than that in the control group without nitrite, respectively.
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Fe(Il ) oxidation
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Table 1 Bacterial genus communities in each reactor
AR FRE/ % ARXT R/ %
&% EE—— S —
R1 R2 R1 R2
Acinetobacter 5.56 27.95 | Rhodobacteraceae 0.23 0.19
Proteocatella 0.27 9.31 Nitrosomonas ~ 0.05 0. 15
Pseudomonas 0.21 3.29 Alkaliphilus 0.04 0.11
Acetoanaerobium  0.33  2.55 Acidovorax 0.96 0.09
Saccharibacteria_ Candidatus_
.12 2.13 0.07 0.08
genera_incertae_sedis Hydrogenedens
Macellibacteroides 0.09 1. 64 Bacteroides 0.03 0.08
Romboutsia 0.38 1.46 Thauera 0.18 0.07
Clostridium 2.47 1.29 Bacillus 0.04 0.07
Armatimonadetes_gp5 0. 71 1. 03 Anaerobacter 0.03 0.06
Thermomonas 1.61 0.74 Bdellovibrio 0.03 0.05
Anaerolinea 6.97 0.61 Longilinea 2.00 0.05
Bradyrhizobium  0.34 0.54 Tissierella 0.04 0.05
Petrimonas 0.08 0.52|| Moraxellaceae  0.01 0.05
Sedimentibacter ~ 0.01 0,47 Gpb 0.54 0.03
Proteiniclasticum  0.90 0.47| Flavobacterium 0.06 0.03
Dechloromonas 0.29 0.40|| Ruminococcaceae 0.10 0.01
Hyphomicrobium 0.42 0.40| Microbacterium 0.18 0. 20
Escherichia_Shigella 0.05 0. 33 unclassi fied  57.73 34.16
Dokdonella 1.45 0.27 others 14.42 9.07
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Table 2 Relative abundances of denitrifiers and IRB
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AR EE— BiklEw
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Acinetobacter 5.96 27.95 Pseudomonas 0.21 3.29
Pseudomonas 0.21 3.29 Bacteroides 0.12 1.73

Bradyrhizobium  0.34 0.54 Escherichia 0.05 0.33

Microbacterium — 0.18  0.20|  Alkaliphilus  0.04 0.11
Anaerobacter 0.03  0.06| Desulfobulbus 0.06 0.07
Bacillus 0.04 0.07 Bacillus 0.04 0.07
Clostridium 2.47 1.29 Clostridium 2.47 1.29
Hyphomicrobium 0.42  0.40 other IRBs 0.06 0.06
Acidovorax 0.96 0.09

Thauera 0.18 0.07

other denitrifiers  0.17 0.12

Total 10. 56 34.08 Total 3.05 6.95
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Table 3 Change of TN concentration in each reactor

WL TN &5/ NOz -N#Jn HALE TN
M (mg+ LD H/(mg+L 1 &/ (mg+L D
R1 1144.79 0 1 065. 93
R2 1144.79 243.48 953. 46
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