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Effects and mechanisms of nitrogen removal in pyrite-based autotrophic denitrification
system enhanced by heterotrophic bacteria

ZHAO Lianfang'*, YU Ying'?, XUE Liuying'*>, WANG Li'?
(1. Key Laboratory of Integrated Regulation and Resource Development on Shallow Lakes, Ministry of Education, Hohai University,
Nanjing 210098, China;
2. College of Environment, Hohat University, Nanjing 210098, China)

Abstract: In view of the limited comparative research of pyrite-based iron autotrophic denitrification and sulfur autotrophic
denitrification and low efficiency in nitrogen removal, pyrite was utilized as an electron donor for both sulfur autotrophic denitrification
and iron autotrophic denitrification. Moreover, their performance in removing nitrogen from wastewater with a low carbon/nitrogen ratio
(C/N) and the enhancement mechanisms involving heterotrophic bacteria were compared and investigated. The results show that the
pyrite-based iron autotrophic denitrification system achieves higher nitrogen removal efficiency than the sulfur autotrophic denitrification
system, and adding an appropriate amount of heterotrophic bacteria can enhance the nitrogen removal effect. At a heterotrophic-to-
autotrophic sludge volume ratio of 1 : 1, the pyrite-based iron autotrophic denitrification system yields effluent TN and NOj-N
concentrations of 0.26 and 0 mg/L after 48 h, which were significantly lower than those of the sulfur autotrophic denitrification system
(3.94 and 2. 61 mg/L) under identical influent conditions. Thermomonas, Geothrix, Ferritrophicum, Acidovorax, Pseudomonas,
Brachymonas, and other denitrifying bacteria can use reduced iron as an electron donor to participate in denitrification, and their
relative abundance in the pyrite-based iron autotrophic denitrification system is all higher than that in the sulfur autotrophic
denitrification system. Furthermore, the addition of heterotrophic sludge into the system can introduce Thauera. Compared with sulfur
autotrophic bacteria, iron autotrophic bacteria and heterotrophic bacteria can exert a better synergistic denitrification and nitrogen
removal effect.
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FH4 100 0 100 125 1.25: 1 bk JUIiR
SHI 100 100 0 25 0.25: 1 AR = IRFF R
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Fig.1 Experimental setup
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Fig.2 Nitrogen transformation in each experimental group
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Fig.3 Long-term changes in nitrogen concentration in influent and effluent of each experimental group
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Fig. 4 Surface SEM images of raw pyrite and pyrite in each experimental group
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Table 4 Surface elemental composition of raw pyrite and pyrite in each experimental group

44 TLR T %
C 0] Na Mg Al Si P S K Ca Fe
JRh 4.02 15.56 — — — 0.96 5.77 33.85 — 1.17 38.68
H 1.50 30. 48 2.57 0.25 0.19 0.09 5.66 20.83 0.35 2.03 36.05
F 1.02 48.68 — 5.02 — 0.57 3.51 16.03 — 20. 83 4.33
FH3 0.00 34.54 — 3.25 — 0.36 3.37 20.83 — 24.56 13.07
S 0. 80 48.76 3.03 7.88 3.05 4.76 5.62 0.55 0.87 11.40 13.29
SH3 3.59 43.18 — 9.40 — 0.44 4.24 6.41 — 11.73 21.02
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Fig.5 Heat map of microbial genus level clustering
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Fig.6 RDA of microbes and environmental factors
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