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Abstract: [Objective] To investigate the relative abundance, community composition and diversity of
sulfate-reducing bacteria in high arsenic groundwater of different depths, and to reveal the main
geochemical factors (e.g., 8°*S-SO,>) affecting the distribution characteristics of sulfate-reducing
bacterial community in high arsenic groundwater and the environmental significance. [Methods] High
arsenic groundwater samples from both shallow and deep aquifers were collected from Hetao Plain, a
typical high arsenic groundwater-distributed area in China. Various geochemical parameters were
measured and the relative abundance of 16S rRNA gene and dsrB gene of the samples was quantified
by qPCR. High-throughput sequencing of dsrB gene was conducted to reveal the community
composition of sulfate-reducing bacteria. Statistical analysis was further performed to analyze the
correlations between geochemical variables and sulfate-reducing bacterial community characteristics.
[Results] The relative abundance of dsrB gene in shallow samples was higher than that in deep
samples. In shallow high arsenic groundwater, the relative abundance of dsrB gene and the 3**S-SO,*
were both significantly positively correlated with the concentration of CHy. In contrast, the relative
abundance of dsrB gene showed positive correlations with the concentrations of SO,*” and DOC in deep
high arsenic groundwater. The high-throughput sequencing of dsrB gene displayed that the a-diversity
of sulfate-reducing bacteria in deep groundwater was remarkably higher than that in shallow
groundwater. Sulfate-reducing bacteria in the study area were divided into 264 operational taxonomic
units (OTUs), including ten predominant orders such as Desulfobacterales, Nitrospirales,
Rhodospirillales and Syntrophobacterales. The relative abundance of each order and the environmental
factors affecting their abundance were different in shallow or deep groundwater. Specifically, the
relative abundance of Nitrospirales in shallow groundwater was positively correlated with the

concentrations of Asr and §**S-S0O,>, indicating the key role of Nitrospirales in arsenic migration and
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transformation in shallow groundwater. The redundancy analysis (RDA) found that Asy, CH, and Fe**

were the key environmental factors controlling the distribution of sulfate-reducing bacterial community

in groundwater of the study area. [Conclusion]| The relative abundance, community composition and

diversity of sulfate-reducing bacteria in deep and shallow high arsenic groundwater varied, and were

affected by geochemical parameters.

Keywords: high arsenic groundwater; sulfate-reducing bacteria; dsrB gene; high-throughput sequencing; qPCR
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PEHCAT 23 MR AKAE A2 T qPCR, H:
23 ANHE T KRS B HE T 16S rRNA 2
R, 22 AN R KA I 3G 1 T dsrB BRI
16S rRNA. dsrB FEN5 DB dsrB FE AT
FREFR 2 iR

TR R 2 m i R K, 16S IRNA
DR DL L 6.84%10°-2.15%10° copies/L, dsrB
D2 DUBGIE R 3.22x10%-3.20%10° copies/L,
dsrB AT BEE FITE 0.02%-8.72%Z [A]
5 I AT o Y] 2 D 1 S22 v e b K A A g
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Table 2 Relative abundances of dsrB gene in
groundwater with different depth

Relative
16S rRNA gene/ dsrB gene/

Sample abundance of

(copies/L) (copies/L) dsrB genel%

S01 2.15E+09 3.20E+06 0.15
S02 2.92E+07 7.04E+04 0.24
S03 1.24E+06 4.17E+04 3.37
S04 2.14E+06 3.22E+04 1.50
S05 3.70E+08 7.00E+04 0.02
S06 1.20E+07 4.54E+04 0.38
S07 6.90E+06 1.67E+05 2.42
S08 5.23E+06 4.56E+05 8.72
S09 9.00E+07 8.91E+04 0.10
S10 6.12E+07 1.51E+05 0.25
S11 3.48E+07 2.67E+06 7.68
S12 6.84E+05 3.75E+04 5.48
S13 2.26E+08 4.28E+05 0.19
DO1 2.15E+08 2.14E+06 0.99
D02 5.27E+09 BD BD

D03 3.52E+08 2.69E+06 0.76
D04 3.40E+08 2.89E+05 0.08
D05 1.77E+08 3.40E+06 1.92
D06 6.72E+08 6.28E+06 0.93
D07 4.48E+06 2.80E+04 0.62
D08 6.36E+08 2.03E+06 0.32
D09 6.96E+07 9.96E+05 1.43
D10 4.19E+08 4.44E+06 1.06

BD: not detected.

FHEC, 16S rRNA JE R 45 DR, 1 dsrB
SR8 DL ECRURR X = B2 & o 7E IR )2 = i b
TKHT, 16S rRNA JE K45 DL ST Ry 4.48%10°—
2.15x10% copies/L, dsrB K:[H 4% U1 %30 N
2.80x10*-6.28x10° copies/L , dsrB K& KA X 4 &
TG 0.08%-1.92%.

HIEH T KR 16S tRNA il dsrB JHEH %
DR i3 TR 2 H T 7K . TR)ZFE AL 16S rRNA K
[RISE- 2454 DL 8.16x10° copies/L, ¥R JZH1L T 7K
rROE I HE DL 2.30x10° copies/L; IRJZFE 5
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Figure 3 The relative abundance of dsrB gene (A) in deep and shallow groundwater, respectively, and its
correlations with (B) SO4* concentrations in deep groundwater, (C) DOC concentrations in deep groundwater and

(D) CH4 concentrations in shallow groundwater.
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Figure 4

Correlation between a-diversity of sulfate-reducing bacterial community and geochemical

parameters. A: deep groundwater; B: shallow groundwater. *: P<<0.05, **: P<<0.01.
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Figure 5 Community composition of sulfate-reducing bacteria in high As groundwater of Hetao Plain. A:

UPGMA cluster tree and microbial composition at the
order in deep and shallow groundwater samples.
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order level; B, C: the average abundances of each
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Correlation between the relative abundances of sulfate-reducing bacterial community and

geochemical parameters. A: deep groundwater; B: shallow groundwater. *: P<<0.05, **: P<<0.01.
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Figure 7 RDA of sulfate-reducing bacteria at order
level. Orders with an average abundance =2% are

shown in the figure.
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