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Wastewater Nitrification in Airlift Biofilm Reactors
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Abstract — The nitrifying biofilm was formed on the carriers of granular activatellocewith the diameter of 0.613 mm in
the airlift bioreactor of 27.7 L to investigate the influences of temperature and dissolved oxygen concentration on the nitrifi-
cation rate. The biofilm of 0.140 mm thickness was obtained after the operation of 130 days with the dilution rate higher than
the maximum specific growth rate of nitrifying bacteria. As raising alternately air velocity and ammonium loading rate, ammo-
nium oxidation rate increased stepwise up to the maximum value of 5 KgdNatnthe riser air velocity of 6.34 cm/s and the
temperature of 38C. The ammonium oxidation rate increased with increasing the dissolved oxygen concentrations, while the
nitrite oxidation rates were almost independent from the dissolved oxygen concentration during the early stages of the reactor
operation. The biofilm formed at the late phase, however, led the nitrite build-up to disappear and exhibited the nitrite oxida
tion rates which increased with the dissolved oxygen concentration. As raising temperature, the nitrification rate increased
appreciably at the low temperatures ¢f5to 20°C and then slightly at the high temperatures otf@@ 30°C. The oxygen
diffusion in the biofilm played a dominant role at high temperatures rather than the nitrification kinetics.
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Table 1. Previous works on the biological nitrification in various reactors
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Reactor (media)

Oxygen source

Ammonium oxidation Biomass conc.

Reference

rate[kg N/n¥d] [kg/n?]

Activated sludge air 0.199 1.95 Benniger and Sherrard[3]

. . Adams and
Activated sludge air 0.384 2.5-35 Eckenfelder{4]
Rotating disk air 0.137 n.a. Prakasama et al.[5]
Submerged filter(2.8-3.4 mm vitrified clay) air 0.23-0.41 n.a. Stensel et al.[6]
Sand filter(1 mm diam.) hydrogen peroxide 1.39 n.a. Mueller[7]
Submerged filter(25-38 mm diam. quartzite stone) pure oxygen 1.73 2.7 Huag and McCarty[8]
Fluidized be&(sand) pure oxygen 2.57 8.5 Jeris et al.[9]
Fluidized be(activated carbon) pure oxygen 6.72 30 Tsunoda et al.[10]
Fluidized be(0.27 mm diam. sand) pure oxygen 9.60 20 Tanaka et al.[11]
Fluidized be&(0.4-0.6 mm diam. sand) pure oxygen 0.50-1.09 4.4-9.9 Cooper and Williams[12]
Fluidized bet’(0.05-0.15 mm diam. sand) air 3.60 n.a. Gauntlett[13]
Airlift(0.26 mm diam. basalt) air 6 n.a. Tijhuis et al.[14]
Airlift(0.1-0.3 mm diam. basalt) air 0.9-20 15-40 Heijnen et al.[15]
Bubble column(9.9 mm diam.x8.1 mm height polyethylene) air ®.24 n.a. Hem et al.[16]
Three-phase draft-tube fluidized bed air 1.9 6.24 Cheng and Chen[17]

(1.3 mm diam. activated carbon)

(a) oxygenated indirectly in the external liquid recycle stream.
(b) in the case of the simultaneous nitrification and organic oxidation.
n.a.: not available
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Fig. 1. Airlift biofilm reactor.



Table 2. Dimensions of the airlift biofilm reactors

Reactor ABR-I ABR-II
Diameter[m] 0.14 0.08
Height[m] 1.8 0.9
Draft-tube

Diameter[m] 0.10 0.054

Height[m] 1.0 0.6
Total volumel[L] 27.7 45
Working volume[L] 21.2 3.6
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2. Biofilm formation of nitrifying bacteria and nitrification perfor-
mance in the airlift biofilm reactor ABR-I at 30 °C.
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Fig. 3. Microscopic observation shows the activated carbon media to be

covered with the homogeneous nitrifier biofilm.
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Fig. 6. Temperature variation in the airlift biofilm reactor ABR-II.
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Fig. 5. Variation of the volumetric ammonium and nitrite oxidation
rate with the dissolved oxygen concentration in ABR-I.
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