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Start-up of a Three-stage PN/A Granular Sludge Reactor for Treat‘ing

Wastewater with High Concentrations of Ammonia -

JI Xlao -qing', QlZe- kun , QTAN Fei- yuel 2“3* ) SHE_N Yao-liang' 7, WANG Jian- fa-ng
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Abstract; In ‘order to apply partial nitritatién- SANAMMOX ( PN/A) technology, to treat wastewater with high concentrations of

ammgma Autotrophic. nltroven -removing granulal sludge ‘was crushed| and inoculatéd into a three-stage: continuous flow reactor. The
nitrogen loadlng rate (NLR) , dissolved oxygen ( D@ cmﬂcen.t_ra‘f’r on, and free ammonia (FA) levels in each compartment of the
reactor wege controlled over a 106-day period. Results showed that the nitritation process occurred with the inoculated granules during
the initial ‘phase. A limited aeration strategy was employed in the reactor at relatively high NLRs. Given the effective suppression of
nitrite-oxidizing bacteria and the prevention of ANAMMOX bacteria from high DO conditions, the compact structure and nitrogen-
removal activity of the granules could be improved. When the ammonia-nitrogen concentration was increased in the influent to 350
mg-L™", the adverse impacts of high FA concentrations on the functional microbe activity in the first compartment should be
eliminated. This occurs by reducing the influent pH and alkalinity dosage. This occurs by reducing the influent pH and degree of
alkalinity. As a result, a total nitrogen removal rate of 7. 2 kg+ (m’ +d) ~' was achieved in the reactor, which is 50 to 100 times higher
than that of conventional activated sludge systems. The consistent improvement in the nitrogen-removal activity of the granules was
demonstrated by batch testing at different aeration intensities. This showed that activity was greatest in the first compartment, which
showed the highest granular maturity. In addition, a clear linear correlation (R*> > 0.97) was observed between the amount of
extracellular polymeric substance and the specific nitrogen removal rate. This indicated that the dense granules played a positive role in
enhancing the performance of the reactor.

Key words: granular sludge ; autotrophic nitrogen removal ; three-stage continuous flow reactor; high ammonia concentration; microbial

activity
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Table 1  Main operating parameters in the start-up of the reactor

Fr Bt BT RAd NH," -N#E/mg-1L~! HRT/h NLR/kg+ (m®-d) ~!
I 1~11 200 4.5/3.9/3.0 3.2/3.7/4.8
I 12 ~26 250 4.5/3.9/3.0 4.0/4.6/6.0
I 27 ~53 300 4.5/3.9/3.0 4.8/5.5/1.2
\Y 54 ~106 350 4.5/3.9/3.0 5.6/6.5/8.4
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Fig. 3 Nitrogen removal activity of granular sludge in the different compartments of the reactor during various operating periods
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Table 2 EPS content of granular sludge in the different compartments of the reactor during various operating periods
5iH =T
1 2 3 1 2 3 1 2 3
1B Z)I (] H1ld H1ld F1ld 5554 d 5554 d 5554 d #1066 d 5106 d 55106 d
NLR/kg- (m®-d) ! 4.8 4.8 4.8 5.6 5.6 5.6 8.4 8.4 8.4
PN/mg-g~! 121.98 120.95 119.92 231.94 278. 64 307. 45 404. 47 353.42 330.78
PS/mg-g~! 91.83 92.01 91. 66 102. 58 119.32 127.45 116. 06 104. 00 110.95
PN/PS A 1.33 1.31 1.31 2.26 2.34 2.41 3.48 3.40 2.98
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