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Abstract: The bacterial reaction of ammonium oxidation coupling with iron reduction ( Feammox) has been discovered recently. To
improve the ammonium removal efficiency from wastewater of Feammox bacteria, magnetic chitosan hydrogel beads ( MCHBs) were
prepared via sodium hydroxide co-precipitating-sol-gel method, Feammox bacteria were immobilized to 1-5 mm MCHBs, and the
ammonium removal efficiency by MCHBs-Feammox bacteria was compared to free-Feammox bacteria. In addition, the influences of
initial ammonium concentration, pH and temperature were assessed. The results showed that the MCHBs were ferromagnetic and

exhibited high crystallinity, with the magnetization of saturation of 29. 46 emu-g ™'

. The average rates of ammonia oxidation and iron
reduction increased by 42.96% and 20.75% after Feammox bacteria immobilization, respectively, and the most significant effect was
observed on 1-2 mm MCHBs-Feammox bacteria (P <0.05). Furthermore, 1-2 mm MCHBs immobilized bacteria worked in less
favorable matrix concentrations, temperatures, and pH. Particularly, it could maintain high ammonium removal efficiency with 60. 00
mg-L"" initial ammonium concentration, 25°C temperature and 4. 50 pH. In addition, nitrate and ferrous ions were detected in the
system. The highest ammonium removal rate occurred on day 16, reaching 53.62% . These resulis indicated that MCHBs
immobilization can improve the ammonium removal efficiency of Feammox.

Key words: immobilization; ammonium oxidation coupling with iron reduction ( Feammox ) ; magnetic chitosan hydrogel beads

(MCHBs) ; ammonium removal ; iron reduction
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Table 1 ~ Composition of simulated ammonium wastewater
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/mg-L~! /mg-L~! /mg-L~! /mg-L~! /mg-L~! /mg-L~! /mg-L~! /mL-L~!
BH — 573.20 19. 80 71.00 9.00 100. 00 45.30 1.00

1) i1 NH, C1 2 HENH, -N, NH," -N¥# B #:75 Bl il
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2.0%

Selenomonadales

2.1%
Acidimicrobiales
5.7%

others
3.3%

Burkholderiales
9.3%
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14.8%

Bl 1 Order 7KF L5710 FEHFFE

Fig. 1 Top 10 constituents of the bacterial communil'y‘.
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Fig. 2 Preparation of magnetic chitosan hydrogel beads
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Table 2 Influencing factors of ammoniumremoval in wastewater by MCHBs-Feammox bacteria
G AP EN WIENH, NV JE/mg- 17! pH {& IR/ C
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1
2
3
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of magnetic chitosan hydrogel beads
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Fig. 4 SEM images of the magnetic chitosan hydrogel beadswith or without immobilized bacteria
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Fig. 5 Effectsof free and MCHBs-Feammox bacteria on ammonium and iron ( Il ) content
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Fig. 8 Effect of pH and temperature on ammonium removal by free and MCHBs-Feammoxbacteria, respectively
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Fig. 9 Nitrogen and iron transformation in ammonium removal

2.4 PRAVERE AL N 25 H B ] 8 AH G4 43 B
a3 nfA, fHREFRLE P& LEAN
NH, -N#¢ & 5 NO, -N ¥ J& &2 W & M % (r =
-0.989, P<0.01), Fe( II) ¥ & 5NO,; -N¥ £ Al
Fe( D) ¥ J& 73 ) 5 .3 IEAHOC (r = 0.979, P <
0.01) M FERARE(r=-0.997, P<0.01), BIpE
% NH, -N Al Fe(Il) ¥ B A Wi T %, NO; -N Al
Fe ( I1) ¥ B AH W 48 55, U B NH, -N 4 fb iy 32 22

FEYIANO, N, E B AE 7R IR R A
Ak, NH, -NURBE S Fe () W3 2 2 IEAH DG (r =
0.982, P<0.01), 1M 5Fe( I ) ¥ & % i AH 6
(r=-0.980, P<0.01), Xit—LUiHFe( ) AY
A e AR Uk R AR A A AL R ™, X NH, -Nfg &
WA W ROR. pH 5NH, -N | Fe( 1) #k & ¥ 2 4%
BERMMI(P <0.01), JNAETE pH BT+ e
RN AR A TEAE H AR



4608 7N 35

B 39 %

®3 REKERNREREIEREBXED T

Table 3 Correlation analyses of each index in Feammox reaction
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NH, -N 1 — — — — —
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NO; -N 0.016 0.036 1 — — —

Fe( 1) -0.980 " 0.979 ** 0. 026 1 — —
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