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Physicochemical and ecological characteristics of the
granular sludge during start-up of Anammox reactor
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Zhihui Yang'?
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Abstract: The anaerobic granular sludge from an Internal Circulation (IC) reactor of a paper mill wastewater treatment
plant were seeded in an Anammox upflow anaerobic sludge blanket reactor. After 185 days operation, the reactor was
finally started up by increasing the influent ammonium and nitrite concentrations to 224 mg/L and 255 mg/L, respectively,
with volumetric nitrogen removal rate increasing to 3.76 kg/(m*-d). The physicochemical characteristics of the cultivated
Anammox granules were observed by scanning electron microscope, transmission electron microscope and Fourier
Transform infrared spectroscopy (FTIR). Results suggested that during the start-up course, the granular sludge initially
disintegrated and then re-aggregated. FTIR spectra results revealed that the Anammox granular sludge contained abundant
functional groups, indicating that it may also possess good adsorption properties. The ecological structure of the granular
sludge, analyzed by the metagenomic sequencing methods, suggested that the relative abundance of the dominant bacterial
community in the seeding sludge, i.e., Proteobacteria, Firmicutes, Bacteroidetes, significantly reduced, while
Planctomycetes which contains anaerobic ammonium oxidation bacteria remarkably increased from 1.59% to 23.24% in the

Anammox granules.

Keywords: Anammox, upflow anaerobic sludge blanket reactor, granular sludge, Start-up characteristic, physicochemical
characteristics, ecological structure
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Fig. 1 Schematic diagram of the UASB system
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Fig. 3 SEM observation of the sludge on the Ist day (A, B), the 45th day (C, D), and the 140th day (E, F ) of the
start-up.
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Fig. 4 FTIR spectra for sludge before and after the start-up.

3300 3500cm’!

C-H
1 650 cm’!

-1
6 cm

2)
-NH,"
-NH,"

1 384 cm™!

1 242 ¢cm™!

http://journals.im.ac.cn/cjben

(4 000-400 cm ")

)

2920cm ' CH,

4 cm

5cm
-1

1

1 540 cm !

3)

-NO,

2.3 FRLSRRIMEMESEMEL

(547
IC

[22]

( 3B



RWE F/Anammox XN BENISIEPIRISRIER BHFE 1861

5 BEMISE A) MRNZFRINRTE (B) EFBEER
Fig. 5 TEM observation of the sludge before (A) and after (B) start-up.

(Anammoxosome (A)) Proteobacteria Bacteroidetes
(Paryphoplasm P)) Euryarchaeota Firmicutes
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[24-25]
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M) 254 bp [26]
alpha
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Table 1 Alpha diversity index
Sample  Out (species)  Out (genus)  Chaol (species) Chaol (genus) Shannon (species) Shannon (genus)

T1 698.0 582.0 734.092 607.565 6.111 5.910
T2 588.0 511.0 648.864 559.838 5.334 5.258
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Table 2 Composition and relative abundance of the sludge before and after start-up

Taxon Relative abundance
T1 (Seed sludge)% T2 (Anammox granular sludge)%

Proteobacteria 26.66 12.90
Firmicutes 7.66 0.48
Bacteroidetes 21.28 3.41
Planctomycetes 1.59 23.24
Euryarchaeota 9.86 22.14
Chloroflexi 7.90 15.69
Chlorobi 0.97 11.07
Actinobacteria 2.21 2.21
Acidobateria 0.62 1.21
Crenarchaetoa 4.21 1.22
Rare 16.07 5.34
Unclassified 0.97 0.86
Cyanobacteria / 0.23
Total 100.00 100.00
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Fig. 6 The ecological structure of granular sludge before and after start-up (T1 seed sludge, T2 anammox granular

sludge).
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