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Abstract — Water pollution by ammonium ion and nitrate is a common and growing problem in the ecosystem. Process
of biological removal consists of nitrification and denitrification by bacteria. Ammonium is oxidized generally to nitrate by
nitrification and nitrate is reduced to dinitrogen gas in the subsequent denitrification process. Although natural zeolite is
well known for its ability to preferentially remove ammonium, it is not sufficiently removing ammonium ion and nitrate by
adsorption. In order to overcome this problem, a method of biological removal with zeolite is used for simultaneous
removal of ammonium and nitrate. As a result, in case of shaking culture with 1% seed and passing through zeolite col-
umn, the process revealed that ammonium ion could be removed completely after 14 hours. The removal of nitrate using

columns with naturally adsorbed bacteria onto zeolite reached approximately 100% after 4 hours.
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Table 1. Composition of synthetic wastewater

Components Concentration (g/L)
KH,PO, 3
Na,HPO, 6

MgSO, 0.24

CaCl, 0.011
NaNO; 0.5
NH,C1 0.5
Glucose 10

Packed bed
N
Shaker

Fig. 1. Schematic description of fixed bed.
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Fig. 2. Growth curve of bacteria and relative decrease of NHj and
NOj;™ concentration with time in case of shaking culture with
powder form bacteria (Symbols : @ NO;, A NH;, ll OD).
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Fig. 3. Relative decrease of NH; and NOj concentration with time by
using zeolite (Symbols : @ NO;, A NH}).
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Fig. 4. Relative decrease of NH; and NO; concentration with time in
case of shaking culture with powder bacteria and passing
through zeolite column (Symbols : @ NO;, A NH}).
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Fig. 7. Relative decrease of NH; and NOj; concentration with time by
using immobilized bacteria by natural adsorption onto zeolite
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Table 2. Delay time (t,), removal rate constants (k) and removal efficiency by various methods

NH, NO;
Methods of removal ty k  Removalefficiency  t, k  Removal efficiency
(hour) (™) (%) (hour) (") (%)

(D Shaking culture with powder bacteria (Fig. 2) 10 1.2 100 15 1.2 100
(2 Adsorption in zeolite column (Fig. 3) 0 0.03 46 0 0.005 14
(3 Shaking culture with powder bacteria and passage to zeolite column (Fig. 4) 0 0.32 100 12 0.22 72
@ Shaking culture with seed culture (Fig. 5) 8 0.45 100 16 0.55 100
(® Shaking culture with seed culture and passage to zeolite column (Fig. 6) 0 0.4 100 11 0.6 100
(® Immobilized bacteria by natural adsorption onto zeolite (Fig. 7) 0 0.026 42 0 1.8 100
(D Immobilized bacteria by electrostatic attraction onto zeolite (Fig. 8) 0 0.027 41 0 1 100
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