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Table 1. The reaction rate of Fe(ll) oxidation, nitrate reduction, and acetate consumption in nitrate system

ODgyo  c(Fe(1)/mmol/L) Keea/(h™) 12 Knivae/(hH) 12 Kacetate! (N7 r

0.2 0.5 0.012 0.968 0.014 0.946 0.024 0.968
2.0 0.007 0.977 0.015 0.981 0.027 0.962
5.0 0.004 0.938 0.006 0.964 0.008 0.980

1.0 0.5 0.029 0.966 0.032 0.890 0.141 0.978
2.0 0.039 0.957 0.043 0.904 0.076 0.954
5.0 0.028 0.989 0.019 0.992 0.008 0.955
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Figure 1.

Error bars represent the standard deviation of the mean (n=3).
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The kinetic results of nitrate reduction, nitrite formation, Fe(ll) oxidation, and acetate consumption with
different initial Fe(ll) concentrations (0.5, 2.0 and 5.0 mmol/L) and different initial cell density (ODgg 0.2 and 1.0).
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Figure 2. XRD patterns of the secondary minerals from nitrate reduction coupled with Fe(ll) oxidation in the
incubation with different initial Fe(ll) concentrations (0.5, 2.0 and 5.0 mmol/L) and different initial cell density
(ODgo 0.2 and 1.0). “G” strands for goethite.
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Figure 3. SEM images of the secondary minerals from nitrate reduction coupled with Fe(ll) oxidation in the
incubation with different initial Fe(ll) concentrations (0.5, 2.0 and 5.0 mmol/L) and different initial cell density
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Figure 4. The kinetic results of nitrite reduction, Fe(ll) oxidation, and acetate consumption with different initial
Fe(Il) concentrations (0.5, 2.0 and 5.0 mmol/L) and blank control (no cells) and different initial cell density (ODggo
0.2 and 1.0). Error bars represent the standard deviation of the mean (n=3).

http://journals.im.ac.cn/actamicrocn



1544

Zesheng Yang et al. | Acta Microbiologica Sinica, 2021, 61(6)

Fz2 THERRARTIREL. WHE

REEIR . CEREVHFERIR IR

Table 2. The reaction rate of Fe(ll) oxidation, nitrite reduction, and acetate consumption in nitrite system.
ODgoo c(Fe(11)/(mmol/L) Keey/(h) 1 Knirie/ (™) 1 Kacetate/ (M) 17
No cells 0.5 0.006 0.953 0.0002 0.801 -
2.0 0.035 0.960 0.002 0.845 -
5.0 0.036 0.982 0.007 0.893 -
0.2 0.5 0.008 0.955 0.008 0.961 0.065 0.861
2.0 0.026 0.988 0.003 0.839 -
5.0 0.032 0.986 0.006 0.936 -
1.0 0.5 0.008 0.859 0.072 0.923 0.017 0.944
2.0 0.028 0.996 0.002 0.810 -
50 0.029 0.994 0.005 0.933 -
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Figure 5. XRD patterns of the secondary minerals from nitrate reduction coupled with Fe(ll) oxidation in the
incubation with different initial Fe(ll) concentrations (0.5, 2.0, 5.0 mmol/L) and blank control (no cells) and
different initial cell density (ODggo 0.2 and 1.0). “L” strands for lepidocrocite, “G” strands for goethite.
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Figure 6. SEM images of the secondary minerals from nitrite reduction coupled with Fe(ll) oxidation in the
incubation with different initial Fe(ll) concentrations (0.5, 2.0 and 5.0 mmol/L) and blank control (no cells) and

different initial cell density (ODggo 0.2 and 1.0).
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Kinetics and influencing factors of microbially-mediated nitrate
reduction coupled with Fe(ll) oxidation process
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Abstract: [Objective] This study aims to investigate the effects of cell density and Fe(ll) concentrations on the
kinetics and secondary minerals during nitrate reduction and Fe(ll) oxidation by Acidovorax sp. strain BoFeN1
under anoxic condition. [Methods] The anaerobic culture system containing strain BoFeN1, nitrate and Fe(ll) was
set up; the concentrations of nitrate, nitrite, acetate, Fe(ll) were determined with the use of ion chromatography and
microplate reader; and the mineralogy and morphology of the secondary minerals were characterized by using XRD
and SEM. [Results] In the system of microbially-mediated nitrate (NO3") reduction coupled with Fe(ll) oxidation,
high cell density substantially promoted nitrate reduction and Fe(ll) oxidation. With low cell density, the Fe(Il)
oxidation reaction rate and extent of reaction declined for the high concentrations of Fe(ll), while no obvious effect
was observed in the high cell density. The higher crystallinity of secondary minerals was generated and inhibited
the nitrate reduction to some extent. In the system of microbially-mediated nitrite (NO,") reduction coupled with
Fe(ll) oxidation, the high cell density and Fe(ll) concentration promoted the nitrite reduction, but the Fe(ll)
oxidation had a strong inhibitory effect on the microbial reduction of nitrite, and the types and crystallinity of
secondary minerals were mainly affected by the concentration of Fe(ll). [Conclusion] Biological denitrification is
the main process controlling nitrate reduction; nitrite reduction was contributed by both of the biological and
chemical denitrification; biological and chemical denitrification are the main reasons for Fe(ll) oxidation and
secondary mineral formation in the nitrate system; but chemical denitrification is the main reason for Fe(ll)
oxidation and secondary mineral formation in the nitrite system. This study can provide basic data and theoretical
support for the coupling reactions of iron and nitrogen mediated by anaerobic microorganisms.

Keywords: Acidovorax sp. strain BoFeN1, nitrate reduction, ferrous oxidation, iron-containing minerals
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