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Abstract: [Objective] We screened out hydrogenotrophic microorganisms using inorganic
carbon sources for high efficiency in denitrification under weak acidic conditions, to investigate
the effects of different inorganic carbon sources on the denitrification capacity of the system, and
to explore the variation in water quality parameters, microbial community structure, and
denitrification cycle in the reactor during long-term cultivation. [Methods] We developed a
sequential batch reactor for continuous cultivation of microorganisms by supplying hydrogen,
inorganic carbon source, nutrient solution and nitrate in time, and the apparatus have the
advantages of low cost, excellent air tightness, and hydrogen utilization rate calculation.
[Results] The cultivated microorganisms showed higher efficiency in denitrifying nitrates with
the mixture of NaHCO; and CO; as inorganic carbon sources than that of NaHCOj; as solo carbon
source. Under the conditions of ambient temperature of 20 °C, pH of 6.3-7.0, and initial nitrate
nitrogen dosage of 15 mg-N/L, the highest reaction rate of NO3; -N was 1.374 mg-N/(L-h) and
the highest utilization rate of hydrogen was 43.4%. In addition, the denitrification cycle was 16 h,
with no nitrite accumulation detected. The cultivated microorganisms were mainly Acidovorax,
accounting for 84.4%. [Conclusion] It is feasible and efficient to use this apparatus and method
to cultivate microorganisms. Hydrogenotrophic microorganisms could be screened for
denitrification by inorganic carbon source under weak acidic condition. The findings lay a
theoretical basis for the bioremediation of groundwater polluted by nitrate and a foundation for
the simultaneous denitrification and uranium fixation of hydrogenotrophic microorganisms in
acidic environment in the near future.

Keywords: hydrogenotrophic denitrification; sodium bicarbonate; carbon dioxide; nitrate; nitrite;
microbial community
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NaHCO; (0.1 mg-C/L), CO, < 3 min 5 F|ify
FUG AT pH & 6.3, #EA R3. FRRMERED
A AL B S TP 0.182 1 g NaNO,, 20 C
fEIREFERE SR . 24 NOs K= 2 mg-N/L LT,
NO, P& 0.1 mg-N/L LL'F, SEm—4 B &Uf
191, JEI 2 oS PR AN 0 0.182 1 g NaNOs Yilfk o
7 d il — R E W pH 1 DO, pH #xt 7.0 )5 H
YA CO, SR pH £ 6.3,
1.2 AT RKBYECHI

N TR K B R AR08 A P 8 3R, B
AL B N3 2 PR o
1.3 XWERE

K1 JRASEE R B it 20 W %% (SBR)
NEE . 2000 mL BEES R 5 AR RN AR
PR BT VR (AR W) , e B IR B L i S A
1 000 mL {21 & ¥RHEfE 4 N, T4 R A Ao
35 SR 1 4 5 2 000 mL A=Ak 5500 9 it
SARME R, PTRRSR M AR TR 9 AR
FrOfb R AR SR FTHF Ik 2 )5,
ARE 1 AE A R R R 4 EARSR

x1 FREEXHNKERENSEFRELERLER
Table 1 Comparison of hydrogenotrophic
denitrification systems with different inorganic
carbon sources

Run  Inorganic carbon  Electron donor pH

R1 NaHCO; H, 8.3-9.0
R2 NaHCO;+CO, H, 7.3-8.0
R3 NaHCO;+CO, H, 6.3-7.0

£2 ATHTKEImSER"

Table 2 Composition of artificial groundwater'"”’

Reagents Concentration (mg/L)
K,HPO, 1.76
KH,PO, 2.08
MgSO,4-7H,0 4.00
NaCl 0.96
CaCl, 1.12
FeSO, 6H,0 1.29
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Figure 1
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1. Hydrogen cylinder

2. Water stop clip

3. Pneumatic connector

4. Plastic mass cylinder

5. Glass mass cylinder

6. Magnetic stirrer

7. Stirrer

8. Observation port

9. Biochemical cultivation flask
10. Tin foil

Schematic diagram of hydrogenotrophic denitrification microbial sequencing batch cultivation
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Table 3 Comparison of denitrification effects of different microbial groups

Group Initial nitrate Nitrate concentration after Nitrate removal rate  Presence of nitrite Period
concentration (mg-N/L) 24 h (mg-N/L) after 24 h (%) accumulation length (d)

A 14.82 9.53 35.7 - 9

B 15.99 9.78 38.8 + 7

C 15.48 0.69 95.5 - 1

1 15.82 6.59 58.3 + 3

2 15.41 0.37 97.6 - 1

3 15.70 0.60 96.2 - 1

4 15.26 10.65 30.2 6

5 15.96 6.34 60.3 + 4

6 16.37 14.12 13.7 - 15

7 14.69 8.92 39.3 + 5

+: Nitrite accumulation; —: No nitrite accumulation.
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Figure 2 Comparison of nitrogen removal ability of hydrogenotrophic microorganisms under different
carbon source systems. A: NaHCOj; as carbon source. B: CO, and NaHCO; as carbon sources. C: CO; and

NaHCOj; as carbon sources.
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Figure 3 Parameter variation in the classical cycle of the reactor. A: Changes of NO; -N and NO, -N. B:
Changes of pH and DO. C: Changes of H, consumption rate (initial quantity of H, is 400 mL) and H,
utilization efficiency. D: Changes of NO;3 -N reaction rate.
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Table 4 Comparison of different microbiome diversity parameters

Simple Number OTUs Shannon Chao Ace Simpson Coverage
2 32672 32 0.911 751 32 32 0.684 238 1
3 68 021 37 1.115919 38 38.501 877 0.458 051 0.999 956
4 54 885 148 1.694 574 149.866 667 150.785 416 0.456 598 0.999 854
B 56 502 150 1.833 718 154.230 769 154.521 036 0.400 083 0.999 763
C 57 968 34 1.197 79 37 36.723 705 0.4259 0.999 948
A B
100 1 —2
[ ,
107 R 3
g - c 4
-g L‘I ! C
2 0.1 | S
< : N"\L
0.01 | |
0.001 , : . |
0 40 80 120 160
OTU rank
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% 80t .
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& 36
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Group of microorganism
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Figure 4 Species composition and diversity analysis of each microbiome. A: OTU rank-Abundance curve of
each microbiome. B: Venn diagram of each microbiome. C: Statistical chart of genus species in each microbiome.
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Figure 5 Scanning electron microscopy (SEM) of microorganism (No. 2). A: x10 000 times. B: x20 000 times.
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Figure 6 Microbial community structure after cultivation. A: Community structure map of each microbiome
genus level. B: Community structure map of No. 2 microbiome at the levels of phylum, class, order, family

and genus.
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