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Remowal of low concentration ammonia nitrogen
using packed bed and airlift bioreactor

Chang-Keun Lee

Department of Chemical Engineering, Graduate School

Pukyong National University

abstract

The remowval of low concentration total ammonia nitrogen(TAN) was
performed in the packed bed and airlift bioreactor using the nitrifier
consortium entrapped in polyvinyl alcohol(PVA) for removing low
concentration total ammonia nitrogen(TAN).

The study for packed bed bioreactor estimated the effect of
hydraulic residence time(HRT), influent total ammonia nitrogen
(TAN) concentration, temperature and pH in the packed bed bioreactor
using immobilized nitrifiers. Removal rate of ammonia nitrogen was
increased with decreasing HRT and the optimum HRT was 0.2 hour
when influent TAN was 2 g/m°. At this point, removal rate was 226.1
g/m’ - day and removal efficiency was 88.8%. Removal rate of
ammonia nitrogen was increased with increasing TAN concentration.
Remowal rate and efficiency of ammonia nitrogen were kept constant

at 20~35C and pH 8~9 value.



The study for airlift bioreactor estimated the effect of hydraulic
residence time(HRT), influent total ammonia nitrogen(TAN)
concentration, superficial air velocity(SAV), temperature and pH in the
Airlift bioreactor wusing immobilized nitrifiers. Removal rate of
ammonia nitrogen was increased with decreasing HRT and the
optimum HRT was 0.1 hour when influent TAN was 2 g/m’. At this
point, removal rate was 198.9 g/m’ - day and removal efficiency was
43.3%. Removal rate of ammonia nitrogen was increased with
increasing TAN concentration. Removal rate and efficiency of ammonia
nitrogen were kept constant at the condition of all superficial air
velocity(SAV) of 04, 0.5, 0.59, 0.7 and 0.8 cm/sec. And remowval rate and
efficiency of ammonia nitrogen were kept constant at 20~35C and pH
7~9 value. for the treatment of low concentration ammonia less than 2

g/m’, packed bed bioreactor has more advantage than airlift bioreactor.
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Table 1. Synthetic feedstock solution

Component Concentration (g/ m3) Function
NH.,ClI 95.48 N source
NaHCO3 681.73 Alkalinity control
Na;HPO, 30.55 P source




Nitrifier PVA

consortium Conc. : 30%
Conc.: 4.5% \/

Nitrifier - PV A
consortium > Mixing < Conc. - 15%
conc. : 2.25% Temp.20T

!

Drop in saturated boric
acid. Temp.: 8C

!

K'eep in saturated boric
acid solution for 20hr

!

W ashing
20 min

!

Nitrifier consortium immobilized bead
size: 4mm

Fig. 1. Preparation of ‘nitrifier consortium immobilized bead by
PVA-boric acid method.
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(a) Native PVA.bead (b) PV A-nitrifier bead

Fig. 2. Microscope photographs of PVA beads
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1. Air pump 6. Inlet port

2. Feeding tank 7. Packed bed bioreactor
3. Air stone 8. Outlet port

4. Peristaltic pump 9. Immobilized nitrifier
5. Water bath 10. Drain port

Fig. 3. Schematic diagram of experimental apparatus

for packed bed bioreactor.
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Fig. 4. Schematic diagram of experimental apparatus for airlift
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Table 2. Composition of substrate nutrient

Component Concentration(g/ mg)
NH4CI(NH3-N) 7.64(2.0)
NaHCO; 54.56
Na,HPO, 2.44
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Table 3. The maximum TAN removal rate for packed bed bioreactor

and airlift bioreactor
Packed bed Airlift
Reactor
bioreactor bioreactor
Type
Removal | Removal |-Removal | Removal
Experiment S~ -
P rate efficiency rate efficiency
t
aramcd (g/mday)| (%) | (g/nlday) | (%)
Hydraulic residence time
226.1 88.8 198.9 43.3
(0.2/0.1)
Influent TAN concentration
213.6 47 3 265.6 56.7
(4/4)
pH
185.5 76.7 166.6 68.2
8/7)
Temperature
189 75.8 164.9 71.9
(20/30)
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